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SOLI D THROVBI N FI ELD OF I NVENTI ON The present invention relates to a

ready- t o- weanAesy babl e conposition for tissue gluing, 5 thcgsise6R84 i ng and
haenost asi s consi sting essentially r coated with solidly fixed
human conponents of fibrin glue: mmmlt‘l‘ mmmgen and human thronbin. -I
his fixed conbi nati on can be applied to e.g. a wound surface. Upon
contact with bl ood, body fluids or phy5| o ogl caI sal i ne, the nechani sm of
this syste RﬁlEﬁWE‘HébﬂﬁjFFEI@&@GENAN@@@EI@JJTHROMBmascade i n whi ch

t hrombin ca ta yses the conversion of fibrinogen to fibrin 10 and the
activation of factor XlIll1 to give Xllla. Faktor Xl lla, once forned,
stabilises FHLDOBINYENTHNGy coval ent cross-1inking. Like a two-conmponent
adhesi ve, wound surface and carrier are glued toget her by polyrrerl satl on.
During this process, which |asts app I‘OXI mat el to 5 mnuges

.conposi ti on The Prefent inyentiqnoieiates for 2 7eadytpyiss §%’Qab'8rﬁ°81ﬁ°ﬁ@°mﬁl§s'é‘? Qﬁ'mgThe

conponent g ‘ﬂ&sdeha"eaﬁr‘?é@ﬁ& hEérﬂBst@&s Q:Bﬁsnétmé%%éﬁﬁhlﬁw a(iﬁﬁﬁeﬁl‘éeﬂte@ Wﬂﬁfﬁﬁhdlg&ixbﬂ
in about 4 - 6 nonths after application. PRIOR ART 2 Commer ci al rjn

gl ues, that heinghccompenentst ok filin gfuet I’ﬁ\é‘"’@@a@ﬂ"&ﬂ?@rﬁr@a@é@ﬁé throgibiny. sthigfixgd
hi ghl'y conc amfa EhR HeNQSHRBd Shrbbty faneQOahﬁodwadfa&bt pdn tdah@BPnth blood,

%ﬁh
sol ution be ore ap(grflcatl ontot surgi cal wound exist. These m xtures
contai n a f ibbdy fidls or Bhysifiegical salineg the. maﬁmsnh phthisy systesmmipics Hhefinah stage af o

prevent preghl &Ha?HQ'uéﬁ %é’c;a'dg ”ln%hlémﬁrcfrhﬂﬁ 'cQtaWs@E tﬁé\’cdnk}érs?o'i éf'f BfiheHinMb i frin

enzyme plasmn ese “component fibrin glues are val uable in various
sur gi cal 19r @pd ther aativetion W?Ctbéxﬂﬁglﬂé@ XayF aidarofiBa pneadermed: stapdisescthediban

if the bl eeql g bévé?é‘rﬁ‘é)’ossﬂﬁgm wo- conponent fibrin glues furthernore need
sone prepara or¥/ steps 1nclu g thawi ng or dissolution. Thus) they are
r at her irrpracti cal and cunbersone to work with and experience is needed for

successf ul gf tﬁJ‘@oﬁﬁ?cﬂde@if : g%fUé’ S ¥\lo§9d dorfald darld 1 @atridP taré e@gg@ tag&ﬁé'o%s;

fibrin sealan S becane choice in surgery in nber of
i ndi cat i ons .poliesisation. i [uringe ﬂﬁ&j rsegasy, whiah jasts apPraxinatplyi 3 tQI ﬁe%""é’tes the

col I agen fd %gﬁ,g,a%\?@n afﬂbt.hmbhy M%ré@aﬂlppgéggé@zﬁtohﬁsmharak& ahd cemb%ﬁbmg

features ei r di sadvant ages thelr restrained use

surgeons.  oihe Q@mqslw afthe iPENLIPBEIP degredsd epaymaliraty fimabedeh n@e@oa@Sa
haenostatic ﬁgf@{, e the late sixties. Collagen is the nost frequent
structural pro ot @l | mamal i ans. The nono roteln of

approxi mately 300 kDa (tropocollagen) is coval e FEMM mmﬂmymted at specific
sites. The rﬁ'ﬂéiﬁp‘ @fotein is therefore insolubl haracteristic
fibrils with high tensile 5 strength. Nunmerous sub-¢de@eses of coll agen have
been descXl bed, the nost common of which is collagen type I, the main

col | agen t yrt?on'uﬂer%lﬁl flbnﬁ ?fﬁgg ntﬁa%rhf?ﬁ\@?hé"ﬂgt $8p B the @Hfgh%ﬂ@rﬁ‘ ch§ca€ef b Df a

protein consisting Xx wth a leng approxi mately 290 nm

Fi ve of thedighly mpmentr@tecbégnr(qgeap@d@ﬂqnagza@errm'@éuwéa)a é*ﬂrem"agglé'ﬂ% hegore
forma mcraj h#ﬂfdtll)n 2 &r@bé\%ﬁ eQTst AHREL MR conthir® aMBindYES Mhibitor, e.g.

m crofibril s have p ar and non 1o polar segments that are readily
accessi bl e faprotinpreer {-amirasapicicagiddtd preventi isematuse disselatien of thedfibrin clot by the

di anet er 51 TeAGREEind oot . RigsBRRSFortieh or® oSt Hi6 {AluBlY | atduk 2
col | agen fi tmurdical tpnecdsiusesc buhimayofe svashed Wy befersubaempgtasis i achievedifether
of sever al ROk A WBRPIThS thBLbMbBAGHt Hbiith Yied flrthBfindre Hiled"Uorie Brepafardy 2
steps inciuding thawing or dissolution. Thus, they are rather impractical and cumbersome
to work with and experience is needed for successful use of these fibrin glues.
30
During the last decade numerous fibrin sealants became the methods of choice in surgery
in a number of indications. However, in the majority of trials with fibrin glues a collagen
fleece was additionally used to improve haemostatic and adhesive features, indicating

their disadvantages and their restrained use by the surgeons.




15 Col | agen may be used as a material for sealing wounds, possibly with a
coating conprising a fibrin glue. Fibrin glues, i.e. the conbination of
fibrinogeWO ®Ws8yddi n and aprotinin, have successfully beerrcaagdo1453
therapeutically for many years for gluing tissues and nerves and for
sealing surfaces when there is mnor blgeding. One drawback of the 20
fibrin glues has been that in case of mmjor bl eedi ng the glue is usually

hed f f f f fibrin.h d. .T
over come.« PFETABEDaR e tieghad R ARSI SHBor S b R RoF: g is fhe,
glues to abmosﬂ)a‘kﬂqaemarstnuenmlstpcd1e|as irc Gl agemnfdlumeThaSnﬁmmehe bi’weln of

appl i od on SPEPamaD AP0 Wi, SRR B ReR R seAR bes be o Sharls siee. "
relatively mufdbergsaﬁm ist ﬂﬁréfetehtrdolub@uandefommehareal@ﬁstmﬂbmkIvhihedlgh tensile

| ti i t
s oaneys STkooi RuReaPaE b et e A taipGE have e dhtkben g o cmmen of
Theslet fact owmclstm; eoli@jendtypbe, tey alairpabiigenftype in BRINO Y ions, Odaﬂé‘s % cornea
resul ting i

Cvar e tFolelBade H b BR e Pebie e A B s SLane sty 49

aprotinin asmdiFpe ofehesen trigh (heﬁ&% @ﬁ?ocollé@@no%%ﬁlés)l%r@ kﬂl?d Gdmada
The functi on, of rrier sedghn EP. O 5is mai nlx

e.col ] agen
that of a c@f"t’?@”r‘(xﬂh@ &F saPQFR:]‘"E?Jtﬁ &3f migrofi 'E’H?qv?tp?atr@”fjlﬁ‘é

coagul at i@Npdlaressynrit® thatiakd rading Bcdessibre f@aap@dwc intef mdnmaﬁbrmblatnt&a&mnges
t he haem)stﬂtlc features o flbl’ln | ue wit asset of col]agen as a

carrier has l?é%flp” T8 R3Sk gl 'attics t‘BuFR!E‘rSLtWEr”ﬁr“ﬁ@eﬂTﬂ'ﬁR’e’f%[(ﬂf@@BHb .

TachoConb i 80 and. eﬁfééetéuﬂﬂﬁﬁlsaélﬂ tﬂéﬁ'ds!ietﬁ@llébllﬁiﬁbih@ dIagEn ¢9ﬂbltﬁ@tbb9ie Hit 8f
col I agen patch coat ed with the follow ng active conponents of fibrin Iue

human fi bri $REGERIVESSSHEVRIRR Bﬁ%?r?'%{'ﬂ%feb Rﬁervsméb%@rﬁﬁlnm aﬂ@'ﬁﬁ%ﬂ?&@%h‘tﬁ'
been sol d sthagight MiRrd@bpey ad 8996 liky, Nyconmed Pharma and has been used in
clinical trials in Europe in nore than 2500 ‘patients. The product has
furthermb?® e been used in nore than 700 patients in the Japanese clini cal

progr amme loolmgbarmayvséu%bu 84 d nelteddl i fon Ssedlited mnustbsﬁmyi With'& coating
resections, sur of the biliary tract, splenic, rena d pancreatic

Surgery,  ENOTSRIRG 9 TG alue of ibeh Glless e ythey cobinations et fiainage.gisrgmbin and

TachoConb Wasrofirih ehvieCsUzBe &rliIgBdeeusaatthe@bButidifly &drihamalef9 MY dIGin itR8Se
rel ated to\,\?ﬁe application of @Tac hoConb ha@e bdgg] rre o@?iée in t(jheI %ourseS of

the clini ca®nd Peraes apdfarciesling suARes ayhendherens anipar @Qﬂ'ﬁto%ﬂ)ﬁww k of the

occurr edx@CGigrid §I0ES Bad BRBAGHS Mt «sa%be& méjof %Ie'éldmgfth@rﬂlb(e & uSIAY LPE¥PRH Saway
adverse drug reactjions (ADR ave een reported during years of clinical
Args seificient &%9@6'%&5

use of thou isgtiqn: 1fd sfibrigy )F'Péeﬂc%’frefjh §e°)!®i1?°§’ec8'lﬁ gProblem

theor eti cal dytgdshs'iRivatRGuh AppHRGLrhaNLRIR IS Fibrirl gRiBe & BBsHBAME Baitefs §dchvaY |
pyrexia, 25 eosin ghllla prolonged prothrombin tinme) hypersensitivity,

i munol ogi cCBRIH] ic reactions). One ADR (inmmunol ogic response) was
apparently related to treatnent with TachoConb. In W97/37694 (| m"runo
France S A) it |s disclgsed in r {Pgrence exa

col | agen?pr BBtRLE the IMRIERRIYS RYFCRaS OLBEsH compp n%ﬁ%"cﬁﬂorf?a‘bﬁdg?tﬁg‘i’ bas BSHWﬁj‘ to

bl eedi ng t oapjsiad rbmvaemzacéva@ fuees sohe ddisauvantiigeas Thé QroseraloH: &S rdlatielyhi N
5 mnutes Wnea a coll Sg groduct w t hout a thronbin content prepared

accor di ng tS'MeREIIMSd bresyipegxreriengs god sligrhparsonnel, and the preparation

is not readily available in cases of emergency, the time for preparation being in the range
of 10 to 15 min. These factors stimulated the development of an improved product

30 resulting in the development of a fixed combination of a collagen carrier covered with a
coating of solid fibrinogen, solid thrombin and solid aprotinin as disclosed in EP 0 059
265.




PCT/1B02/ 111-4a3 I n W96140033 t he di sadvant ages of the bovine thronbin
used in TachoConb are enphasi zed in that the use of bovine or other species
of t hr ombwwo @aasit roduce harnful viral contam nation and ROSEPHAS3
transm ssi on of bovi ne di seases, such as bovi ne spongiform encephalitis. -
5 DETAI LED DESCRI PTI ON The present i nvegti on relates to a solid conposition
consisting essentially of a carrier which has at | east one of the follow ng
physi cal properties 10 elasticity nmodule in the range of 5-100 N cm such
as 10-50 NI dhe fenstion of thef collagen gayriehdisclesrchindzP §_069ef%: ismainiaihgh Pt AiCaFES er
of nore t haWhQ:g7a%sBmsaé?fiil ddifers RaflicalnstabIfty @6 tHe2atagiabios PrpaRitiofl vatBWRIEN
average bel ow and evenly distributed and, fi xed upon said carrier b)
.solid fibri Hdyeeatedind c) solid thrombin. 20 The conposition may have two,
three or all of the above nmentioned physical properties. In presently
preferred enbodi nents the carrier material is produced as described in DK
-PA 2001 0612&praddct thattcembines thﬁéaarppsm&%\fqaaﬂe%ﬁftﬁlhﬂneqiue withdhe,asped pf collagen

preparing a,gql é&ﬁ%‘nh Cg%qu%\%l s ﬁ?ﬁﬁlf%ﬁ@é%cﬂﬁdég ﬂ%‘[r&d%aﬁkhﬁacﬁgbbﬁﬂ)@n

f oam and an el ongate ponge conmed Pharma AS on
January 200TachaGambitjs prready—toyus‘ermm\ easilyl amﬂucalpp Iflchwmhlnatlamofter@llpgm eattch

o gt -1 1 ARG (% AwHIEE PalCcoRPaenin i AP S YUy shifoob b,

strai ght - | i ggoshbit fcisovirfe @protirember . The chanbers nay be of a poI ygonal
shape, such as of an octagonal shape. Thus, when the carrier is cut, the
chanbers 18 e divided and cut to caverns. The solid fibrinogen and the solid

t hronbi n Ih S Tbbbmbrglﬁp hé‘eﬁb@@’lf) éblﬁrsuﬁ?d%?j’?h@oﬁrlyo‘fgdgos HySNbﬁfanHcEBFMnd and lh_azl been
caverns thnus providing a su stantl a en I stributjon of t S
t hronbi n andsedin elinjgy gFrla?ﬁ)'@e%P"OEﬁl@ ¥§ ﬁ‘|a§ 2399 rafients; t'&? PE%’”C'ihlﬂasi fglrtbgggqrgl e

to introducgegybséfimimére tRAM PO ﬁaﬁl—:fntsf |htiﬁé W@s@&lﬂnédnbmyaammnn bh&gé&él"d}t?r
in contrast to the situation where ositians ombi n and

fi bri nogen &F tdicafionisughRsliver aﬁﬁr“éﬂgeﬁséﬁtoﬁst g%toé,th%ptllarggract \RBIREY): PR~ 1
5 Prepar afsi Qg arﬁF@étlédSLﬁ?érSI' E'NTPQE/gbB;D%ﬁéeé%Jmes@g@pabaalmcmér surpeda). ed

carrier consists essentia - ‘preparation of a suspension of the
active i ngr d@ckezamb® ‘é%f?uﬂfié‘?mﬁﬁ??ttyﬁaﬂf’ séf®e suspension to the carrier -
drying of the coated carrier to a solid conpositionlfixation of the active
ingredients to the carrier. 1o Preg)aratlon of a suspensiqgn with fibri n%gl

and t hr onbi iNacalimisel eesaplicationsoigiaiechte therapplication oh TashaGaned draveibsen rerRitedR
an al cohol, yqugh,8s oFﬁwQ%]HJcal‘trnQI%‘Bé‘rﬂhﬂﬂcle FHdwvertanibstied HééinéifapP&fnﬁ{T&dﬂlrr@Bd

an al cohol, 'such as ethanol - mXing t fibrinogen mxture and th

t hr onbi n 261 i three dapanese studissai n sai d suspension. 15 At the step of
providing the m xtures, the m xture nmay be honpbgeni zed or sieved obtaining
a suspensi on cont ai ni n% fibrinogen and thronbin particles with the Fol k

Ward nean difatetalef oply 37nepoptaneots agverse dgireactionsdARR) hane beepperosiedrdiring
between 0C %@grslgfghmgg use of thousands of TachoComb® patches. Sixteen of these ADR'’s could

theoretically be related to reactions against TachoComb® components (fever, pyrexia,
25 eosinophilia, prolonged prothrombin time, hypersensitivity, immunologic or allergic
reactions). One ADR (immunologic response) was apparently related to treatment with

TachoComb®.

In WO97/37694 (Immuno France S.A)) it is disclosed in reference example 4 that when a

30 collagen product or TachoComb® was used, there was no haemostasis leading to
bleeding to death when TachoComb® was used in contrast to haemostasis within 5
minutes when a collagen product without a thrombin content prepared according to
WO97/37694 was prepared.




The carrier may be a collagen carrier, such as a coll agen sponge. The

col I agen sponge may fulfil at |east one and preferably a plurality of the

f ol | owl nogweyg2ioed4@: - pH-val ue between 5.0 and 6.0, - | actpcg/@62/614§9Nt ent

at the nmost 5% 25 - ammonium content at the nost 0.5% - soluble protein

content, calculated as al bum n content, 4at the nost 0.5% - sul phate ashes
content at the nost 1.0% - heavy netal content at the nost 20 ppm -

m crobi ol ogical purity, at the nmost 103 CFUI g, 30 - collagen _content of 75
to 100% - teMépee/4@a3sitheodisadvamtages, of the bevine thrombiy ysed ih Ttaﬁ@%mee 5%

5- 100 N cm epﬁxglgﬁ%{ ||n|t§§t the usg o'? %(nlngjo]'c?sfﬁér Eaés bf‘trﬁ‘orgﬁﬁsc%rr\tlht}‘qd?fcﬁfrﬁ%ﬁﬁ

enbodi nent , carri uce descri _
.00135. The plrgkscmhdammaquerandepo&flblehtfelesrelﬁ%lﬁipl@sbwln%cﬁ'ﬁ?@@ﬁ gugh jasr foyne

provi ded in Exanplellll 11pH val ueb, 35, 15, 4Lactic acid
cont ent 2, 392 B%@mm ur%ﬁtcont ent0,1 %), 299, 1Sol ubl e protein

-cont ent 0, 8490, 05%0, 08%5ul phat e ashes cont ent 0, 3%, 3%, 3%M cr obi ol ogi cal
purity (CF 1-33Col | agen content related to dry
mssQSW@SW&W@%@%ﬁ@%S%G%I asticity nodul 10, 4-42,1 N cnl5-50

N cnl2, 3-41,0 N cnPore si ze (di anmeter; mean

val ue} 2,9 9m"JDen 3 4- WY,C n
di stri but {Tn&h?)fpr?#@t érﬁ?’seﬁ ¥%‘ﬁ% St? rﬁ%gmg) gmel R i%%’egm 'Iy &% Rafrie?
dri p-On-devum&:ha&s@tibalsbsmﬁioﬁtheﬂﬁopmtwhysmabproﬁerﬁd& 278 and 6, 9 77,126 or
an applicator conprising at |east one jet may be used for applying the
suspensi R to the carrier. The jet applicator is forcing 10 the suspension
t hrough thee]a@tlciWﬂ'hd)cﬁJIé Ihethe aangecof Sat@D Nioen, jsetch as 40450Wddmr el atively to
eachot her. The 0 s.be arranged near a conveyor belt,
a stirring Gﬁﬁ'g’c‘g }trf"f Xl%lf% nﬁ%%i&glgr%ystem of punps or anot her

suppl yi ng e@harﬁbanthamdr of mete than ®. 25/ simeandfesp ¢ihan Himiro landtor éeving a chamber
transversely, at ri | es to the conveyor belt. Depending on the
specific cheglagﬁtgrr?‘@f?@s ?W?-Hgmrredi a, the jet or the systemof jets may 15
have varijgus shapes and sizes. The jet or the systemof jets may be
connected to the su ment vi a tubes The suppl yi ng equi pnrent may
pronot e theaegﬂ?ﬂbg%”% qrﬁ:l;ﬁ#)epﬁgogtsla}drqq%e unit to the jet systens.

Buring the epabdliidfbrinbgessmdt he jet system may nove across the carrier. In
its waiting goslt on it may hold on one side of the conveyor belt. The
coating pro& g§did SP"EH% initiated by a light barrier sensing the 20 presence
of a carrier on the conveyor belt, and may |i kewi se be stopped by a |ight

b | . h, f | at.i ; .

and 1 1 2005 comPRaan B hayp ) &l b e By Btk TE.
to clean. Flpféébﬁtlyrpl‘efermd embucﬂlafents the qws&nmntbiialys podupédas wipscrived it Bd¢ PAg
0l scos t1 s 200 dTEs g LfeBER, i Bbflisalof sttt X el O prodiE & calagen
Iappl)%ut ggt aszsgbng;e wﬁeﬁcéﬁaﬂexﬁ?&ﬂgg%a;f oﬁ ﬂjsqoeuliagen_fpam amy aoaelorigatec: Aqllagenan
alrrgohol appISP s'sf[ I de\%t nﬁﬁ%f'maaRgo‘gri ?ﬁgﬁ éﬂ% gic’:dgaoggn"ncgtapﬁw.%gﬂ Ui
ng;rglsgu?‘es a mactdﬁed Qﬂmﬁﬁrpre&‘ht thretext, e tofm tgcmlaml:ter dlra@euérs :Imfmd bel uod?rstoed aso
the carrier rPF?Jaf‘téanqﬂémarW§®§%o‘%?lf ﬁigi‘?%?‘ggt'ﬁegccg'gb %ga 'seﬁrtbgg%@ééy%&%ﬁ&

applying a mlgmmumdismcegf ahaamaem]'rtneidfnatribersdnw bg of aqoigenalshiapey such as
t enper ature

unet oby ¢ he e gePbaCiaee L fnybBa B fugF e g 31 alfis Bfa ko

particul ar aaoems] 'Bhie sdlidtfiveinbgermand the s:xhﬁ trargebin. is Sivedtosthe @agier had erstpiohige,

.88 wel | a350 Ogresteh? in t?lreI cr:]é) ?r?s nu.gs tpporv? Ing nﬁﬁstgﬁtla%S g%' nh%’trﬂﬁﬂ‘on of the solid
thrombin and solid fibrinogen. Due to this and the fixation, it is possible to introduce
substantial amounts of fibrinogen and thrombin on the carrier in contrast to the situation
where liquid compositions of thrombin and fibrinogen are e.g. dropped or sprayed onto the
material.
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By the term"consisting essentially of is neant that the three conponents
are all essential and necessary for the invention. However, inessential

addi ti veswaunsgmocal ci umions and a col ouring nmarker suchp@sigo/bikhavi n
can al so be present in the conposition. The 20 conposition may further
conprise other useful ingredients such @s one or nore pharmaceutical active
subst ances which may e.g. be selected fromthe group consisting of
antibiotic, such as antibacterial or antinycotic) and anti neopl astic
agents. Although the carrier material is preferably a collagen sponge which
conpri ses Cﬁ¥éﬁ9ﬁﬁm%§cB&B@cbnﬁﬁter'a' from manmal i an) transgenic or

r econbi nant rces, it nmay be produced by neans of other types of collagen
i.e. collagen type I, 11, 1V) VIl and X However, it is also envisaged
that the Ca"l‘hb?‘?e;f%o‘ﬁ%f% é?}a%%rrﬁéi%hﬁisﬂ%@s!ééffﬁfailﬁuﬁh as a pol yhyal uronic
acid, pol yhyar acl . lactic acid, glucolic acid, hydroxybutanoic
-aci d, a cé&l Ful preparatien gta QWSWQS'OB@”WF actiye OIS enbodi nent  of t he

i nvention) the fHRUsheRsiofttdRE chfer Whi ch has one or nore active
si des wherein T \&@Wﬁgblseﬂr?ﬂ:bs presslgn In an anmount _of 2-10 nglcn? such as

4.3-6.7 ngl enqryipgef meama;ech@asmrtg assalig cempositionifixatipn gbihg activeingediants 1o an
anount of 1.0- tﬁe%ahg(cmz preferably about 2.0 IU cn2~. The fibrinogen

andlor thrombin’is fu preferably human, e.g purified froma natural source
by nethods known to the person WO 112/ 058p9 8 PCT/I1B112/111-t53 skilled

in the ary S Irm%% i andl or thronbin
pr oduced g P?néeﬁqgtgﬂ' %\Aﬁsp?ﬁs@ﬁ&ﬁmbs ?%P‘?ﬂgﬁr!bﬁ'f{[; %E? The prior art
products sueh mvﬂmmmmbgemeuxtMeaﬁﬂ” bami;e‘l‘ila;\slwelsaimhohlsucm as ethanols

o ovi ded 1 1 om HoHETE AP AR HshfopBaTEd an gRER0: QIR AAMARLY, €

inventors ta dewmgpedibiacgenshikiure and tHe tarbmbmnmumté soaasrto ebtaimsaidi al and
only conponents of hunman, reconbi nant or transgene origin. Therefore,

devel opment s h¥APeBYBY made with respect to the carrier material and it has
been invgstigated whether it was possible to replace the bovine thronbin

th 1o human thronbin and t aprotinin. The Jyentors
have wor ked Attm%?tﬁgﬁmoé” Be ’?‘H[?ge‘hag e Y bﬁrh@geoggmzﬁﬁ:a}flé c’eall
Tac hoCﬁrrbe d&eeﬁmbﬁars#gpefeibathningdgemp tlpromﬂaucpanrgc_ﬂes'l'wdh_tt@_cﬁmk Viardh
e.g. the bovine r onrbi ein ac ronhbin. . ni o
experi ence W3 'gm?ﬁféﬁg "%'%gge gﬁ g@‘? l’"@nﬁﬂ% emqeﬁatpgglggglqeg?wgd GANSer
of therapeutjgecconfirmatory (phase Illa} clinical trials within the
i ndi cati ons haenostasis, tissue gluing and tissue sealing. The yet
unpubl i st#®d resul ts gai ned in these studies confirnmed the efficacy and

safety of Tai%'é%%ﬁ{eér?a ))HSEéQGIIé@%Htc%FHerOgucﬁ|a§%dcoﬁﬂgerﬂ$ﬁonbéahﬁgébllaé&\l§p&@év' ng

as an adjuvant t to suturin tasis, tissue gluing and tissue
seal i ng dur imgy i QUPg%*r%ﬂe ang Hﬁ%fﬁfqb(*)m‘ Rluralify,ef tae fq|'€‘é{lf‘§3 terifachoComb H i n
achieving | ocak) HRRRIWaSH B.o . §ssed as a significant reduction in

ti me-to-haenostasi s conpared to controls, was convincingly shown in

vascul ar and- | lagtic acidicgetept atith&kmosihb%o, it has been found that TachoConb H

may be a to_red in 25 size, resulting in a nore
rapid re?cﬁeutl SW"B#'?@BHJ’%RE%QE% g‘ngﬁzgi "be useful in sealing severe
pul monary | eaksolapié pr@temnxdrn}erﬁrmlaulmed as gibumidocenient, at Tae moSbPrb%and

TachoConmb H bot h conpr rotl n_as integral part of the product.
Aprotinin has 5&8“3"8&? ?%IE? 8”9%@?3@8?'3/161&6’ i nhi bit possi bl e conversion of

30 smal | amunhgaBf melahesAtanGe the Mot 2ppm, i n the fibrinogen conponent and
to prevent premature lysis of the fibrjin clot especially under

hyper fi bri not yfiieropiglegicel exrdy. atthe 'BP%"S@ntCFLHQ-ent ors devised new experinments
“in order {9 te%&llagléh%ohﬁéﬂ%ﬁmoslobb}?t aprotinin was necessary. The in vitro

experinments showed the antifibrinolytic protection of 35 aprotinin in the
clot and that Weosiy@disoidtalom’aprotinin (TachoConb S) was not VO

102/(158p9 9 PCLYIRAZ/ hLhit fne range of 5-100 Nicm.



di ssolved within a very short tine. Therefore stressful aninmal nodels were
desi gned and TachoConb S was conpared to TachoConb H to prove simlar'

ef fi cacy. W28/ ¥7#hodel s TachoConb H or S) respectively, wacTuseninass only
nmeans of haenostasis. 5 Four extensive experinental series have been
performed in order to investigate the egficacy and hi st opat hol ogi cal
pattern of the presently preferred enbodi rrent of the present invention

TachoConb S co Tach s oConb, H wer

2ppl 1 ed on ThPErg Bl Es MRERARgh. (iR aRERE arief e p R Rpsseiiedip

pi gs or rabBAt2001 UBQBEﬁperphlymnalsammmesj@‘sh@aeﬂamplea ofiaylidgenrcagierdare nor mal
1lo surgical Lt ely stressful conditions and hyperfibrinolytic
.condi tions. pr%ﬁ@%i@%?%%bl%%% ned in these four studies did not show any

rel evant difference between TachoCorrb S and TachoConb H. Both products
behaved si mtarl-y—wth—+egardtohaenpstatic—aghrd—wound sea-l-l-ng_iﬂ-f-u-ca@)
-i ncl udi ng <§ @Fy stressful condltlonslllke 15 |ncpeased i ntraofgan
pressure orpmym@éf ibrinolysis Tndyced kg3l ocall r-TH applicatiogig 1T can be
concl uded that the preclinical prggram desi gnhed ta eval uate the overall

necessity qlf_ac,gﬁrag[d,ciqnppn&s a corrporent 8%TachqComb2.Bhas prover2%i ni | af
efficacy of AfAdrUPBEntERENT TacioComh §4oB0t T{PT OUgGhs Taye begrogpsed
successful Ly _as only means of 20 haenpstasis) [tissue gluimng and tissue
seal i ng ung @Iuﬁﬁlpf@tﬁ@mntﬁélht al conditi0f% Inlthec@Fse ¢f arh.08%

experi ment fandesTIabteg gissue reacy ggns. —fonsey ,
aprotinin qglébgﬁ gﬁﬁ?rﬁ%’? ed fromthe cs:om:)05| ti ond’g ° theli nventi’on.  The
conpositio 1M@rohl¢ieglcai\p@lntw Girl/g) expect®d348 i nijcal¥48-12# exert tdHd-3dane

haenost ati ¢z i -t—i—ss—ggrs—eal—i—ﬁg—p*g—g?ertilps a5 t5-
predecessors COI 5" 8 ave e same |or an é’ven or e isfaqtoryggé"f ety
profile. THmas&bsence of aproti nin|which is presently onlyjavailable from

bovi ne sou afety—agatAst—hypergenstH-vitysgeactions—Lp this
regard it 1%fﬁr§8ﬁt§nﬁot ed that anti bod agaijnst 3?)4’0“ nin océﬁ/y"r edin
three JapapBiasticityntodes. No such I fromedngiNierh | r eiSEB0NREM S | a1 3-61)0aN/66h W th

a Con‘posit on-wthaott 20 anroti nin [Ia) —e-d——e-ndg-O-dJ—M)

the i nvent | oNeSiepiRmete B’fétgﬁnpom ti o?qi'ﬁﬁ haeem)sﬁe?g?"@, t | ssué¥BH i ng|and

ti ssue gl ujvauephi ch conprises a fljexible carrijer which has at |east ong¢ of

the foll OWWS: 35 WO 02/QS87-19_10_PCT/1B112/(11+453
elasticity We in the range of |BIGCMIEH |tk 994D §02 B OMIaETs] t y

of 1-10 ngy/cnB, such as Z-7 nglcnB; chanber di aneter of nore than 0. 75 nm
and |l ess than 4 nm and/ or having a chanber dianeter average below 3 Mm 5
and which further conprises solid fibrinogen and solid thrombin 10 and does

not conpri sreveahrwstﬂnmtid‘nldﬂtm@&spbhgomer@brr&uc‘dm éﬁhe&%mbld'drib-oﬁdé\ﬂ&ét;%apr ]9| c g
ern | Xe

d, | d solid_ thronbi
16 e car raigHose i Usppien o aie 2(9and 8 12928 cp an appicay comRNSIng 6! gk o
when a sanpire ;efmhiﬁae@xeed&ﬁl Fpnymgltﬁé sﬁ@eﬁﬁ@ﬁ%‘th@%aﬁﬂev THedbt XpplibAbETs f8icing

frequence OL about 8 utes. an the coated' carrijer
mat eri al 1q & ?ﬁb’%‘?ecr@l?" F\'Eob' g}h H‘BE‘E&B?Ea@GGPBmJe%ﬁfﬁ Meyed dglpively toenpved,
t he mat er i adachsthet bisleaipplicdtdymay edrap@rcordrthrimged Ashr PEork@Hsr Halt, A8tiRhY2al

| ess

unit connected to a pump or a system of pumps or another supplying equipment, and a jet
or a system of jets which moves transversely, e.g. at right angles to the conveyor beit.
Depending on the specific characteristics of the media, the jet or the system of jets may

15 have various shapes and sizes. The jet or the system of jets may be connected to the
supplying equipment via tubes. The supplying equipment may promote the coating
medium from the stirring unit to the jet systems. During the coating process the jet system
may move across the carrier. In its waiting position it may hold on one side of the
conveyor belt. The coating process may be initiated by a light barrier sensing the

20 presence of a carrier on the conveyor belt, and may likewise be stopped by a light barrier
signal. Such an applicator confers a relatively small dead volume, and it is easy to handle,




20 than 20% as an indication of the flexibility of the carrier and the
solid adhesion of the solid fibrinogen and solid thronbin, and said
materi al W@ n@ssubstantially air tight and liquid tight argié/egsan
elasticity factor of at least 1.25 as determined by a test conprising
fixation of the coated carrier to a Latex 25 sheet, expansion of the Latex
by pressure three tinmes and at the third tinme neasuring the area of the
coated carrier at the highest point of Latex sheet expansi on and conparing
t he expandeiickiding egby theleandtustheraere; i Fonfprsiihe passibiityte iterend thegoating
coated area r ; hill: ; i i i9d f confers
fibrinogen gﬁ&@ﬁ@oﬁ?ﬁiiﬂf %gﬂﬁalﬁgﬁﬁaéaéu@gﬁ?ﬂo? ?{gﬁﬁ éﬁég%wgsﬁg%é& ? gla source
.or transgenhdonogeeeusngsialid@®t human fi brinogen and thronmbin, is the only
non-bovine fibrin sealant available with a fixed conbinati on of active
conponents coated on a flexible carrier and has several advantages:

-Ready- t o- bis Bothraystemeeare apslyiriorayvalwarioh §.08mift &ak efisusPeNSIBLRIdER Catdded 35
Easily applied directly onto nost tissue and organ surfaces WO 112/ 058p9
11 PCT/1 BO02/01. 153 Endoscopi c application possible No problens with the
haenost at i cAnimpontant step is thepdrying of arsuisrensian af fibrinegegethrembia and@piaieahobn of

the gl ui ng t j bk t1l Nk he
f1ext bl e SapPRIE as Y et st Bh 3ol Sifacedf TRAREIAN ELarifBRes inchiod "2
conpr essi oncéihprsesithe stepatsubmiting tha doated sawies taa prepsuiebelew 3060 mpar, seas
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expect ed sheurfadel By apply®@ anacuhe, antusing the vaowm inctiheairdog peocess; adower i od of
up to at | east

2 : . i g f
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i n order tospucuerEndahy physieal ptdpediestdf dad carriers i pefrticulamescartierdm ofm of a
di ¢ 4 el udi g .
encephal opabRIEE Hes # Silaosh RS, BRbl 3R B LB RhSoc PO AR hay be .

t hus of Rhgnatkitaingd.n, and bovi ne aprotinin, the inhibitor of the

fibrinolytic enzyne plasm n, has been renoved. Thus, the advantage of the
preferred conposition of the invention containing no bovine conponents is
that the ri 8y thé termapomsistingregsehtaiinsf ss meant thaki the three compepentg afecaiiassential

hal th BSE i g bovi terial.h j_m ol inl Lakl
Co other 1 BAYRegrse, of e Bisige) rBRval nBRetaCRIRSH Ugh S cagim bRt afb' Y
r epr oduci ng at bsloliragt niirlep Sdcht be rilofiavin caamgalsat beo present dnlethe Aompositioe. dhe
fibrinogen and

thrombin forns a fixed lid | . L he fac f

f1exible @aFPWBP?'ﬁ?J'de% JHERY: CRMPHSY |‘ﬁ$ sgs%f.a%?"%{gﬁ'ﬁé"éd F;'jf!é” sagr %%e?'t E‘ﬁ‘f’ v
fluids or plpyaintdcegticalacthad sutestarices whichpmay etg bef saléied fper theigseup ¢ansistipg
diffuse intg,the.cavities of.t . . t r :
pol yneri sat i°6ﬂ'@%5e§%c%§so%@8§%g¥&¥%gﬂépg%%e%%%ﬁt &0 &%gtﬁ]ca Jt}ﬁsd surface and
carrier patch. During the tinme required for gluing, i.e. 3 to 5 mnutes,
the conposition gof .,.the i.nventi.on. shoul refer r
the wound slbawd et pleriahs P A TaEE YedfehBEh Dulites oRER
al | ows t aspeypRgematerinhieomamardmalldre trEabgdnik eepEsotmbénanb agurces, iibmay benpovdiiced
in place when wound re.bl eedin rofu rgvi@n 0, [ i
re- bl eedi ng. Ym%a'ﬁe"?r? r%egfo(?ggl?qg%ﬁ "lehé@:%%@%ﬁg' @'olﬁvfé/?yiﬂ oénn%tr)%/‘ r-ch\'\Pe(yr?{ii'tn'sof
fi brinogen iamdocerfvisated thai tieptartien mgy béfa peqegrabizble folpmensunbrasnepalyhyaluronic
pol ymeri se spontaneously into fihlrin.st Qr | SCO tc
C ot wii oh LR ERon P o o Jarle P RS bl (B Bybinbien ity G ES

gelatine.
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In a preferred embodiment of the invention, the composition comprises a carrier which

has one or more active sides wherein fibrinogen is present in an amount of 2-10 mg/em?

such as 4.3-68.7 mg/cm?, preferably about 5.5 mg/cm? and thrombin is present in an

amount of 1.0-5.5 IU/cm?, preferably about 2.0 1U/cm?. The fibrinogen and/or thrombin is

35 preferably human, e.g purified from a natural source by methods known to the person



PCT/1Bfl 2/01. 1~3 wound surface. The fibrin matrix subsequently serves as
scaffolding for fibrinoblast mgration (Fig. 8). Like a two-conponent
adhesi ve, wepapn@ssur f ace and carrier are glued together by fem@oyREs sati on.
The nechanical stability of the carrier patch adds a tanponade effect to
the haenostatic effect of fibrin clotti g Further, the active substances
are only present on the carrier surface facing the wounded area and by

virtue of the tanponade effect and the gentle pressure they do not dlffuse
t hrough t heskidad urerthecarms@qa@ensggmc 207d receniinant Jamany fiprieodan: @ae/en fhigradn
using oSt ikl BY HethadslkRbfin k¢ 13 heSbEMIRA iR gigsen the wounded 10 area
covered with the co p05|t|on oP he I nvention and other organs or parts

.t hereof when the conposition of the invention has been used. Unlike
cyanoacryl a ehpd
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for haenost ashss, béérs fvesdatéd yvhettibrtiif smsepassible trg refilaceptiet bavinea thrombin with

cesophagdt. NETERJHRMRIAN 1§ APaR e abraRayd et Mup RO f, bifed towards

parenchymal tifis geaishroayk b tas-stépisrocesspl een, pancreas, ki dneys, |ungs,
adrenal glands, thyroid and | ynph nodes, cardlovascular surgery, thoracic
surgery including surgery on the trachea bronchi or lungs, surgical

i nterventi opgsi 6f 4INeraeR6CoMBIE has bekhrdeatiopENEs aifcﬁzlawmpcbnmductg)fdﬁumrm(:omb@

surgery, gynaecol ogi ca urol ogi cal, bone 1 0Sa I ese ction
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pul monal surgery present inventiaon thus aﬂlso r Iat es toé}aﬂqe us of the

described ¢ §| 'ﬂ'?br‘?ﬂmf’@}rt”?ﬁewﬁiﬁﬁ\f@e podigRtans 1% Jisgue etést‘ﬁat

the conposi tsb&ﬁ\goﬁ'hefy%t iUAYEBlIshed rdsults ﬁ'ieaﬂhltﬁééeYStaulésch@ﬂ'ﬁneﬂﬂﬁle%ﬁfldabwand
tight which is the_réason for the pro rtlcqﬂiarl usefu
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t horaci c sur gery Further,
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The product of the invention is i ed when bl eedi ng, or |ynphatic,

biliary, ai CoBYingingly IsBﬁWﬁg’b"%s&H'ﬁf)?"‘E@’eééﬁfqe& fIk§- wi th conventional nethods
or when these nethods woul d vyi eI d unfavourable results. 10 The carrier is
preferably a collagen sponge, fl eece oreﬁatch whi h ter used

synonyrus| s it a5 beesstoynd St JiacneGemBi i may ke 3‘? flo T ed’é’ QIRLY, figfects in

col | agen,sf ighiel Regif gaihdatrhér@”ﬁébia RISBIURGE fof rableykatfe amdTWRdyi be usefulim sealing
Preferabl'y) the soli nents are of hurrangorl gin. The coll agen,

fibrinogen éﬁﬁerﬁmubﬁﬁnqwmséﬂF'%?mBﬁth?‘f 9% om a natural source or
reconbi nant or transgenic human fibrinogen andlor 15 thronbin . A presently
preferred source of collagen is equine. In order to prevent viru

transmi ssi orHenaver, g achacamPR-ANLFRGRPERMP]T PRt SAMRISE PFglinin a5 &0 5@?956‘%’3 o

tOt humalns b§h¥ Inkddifet. Aprblifin ?%E'b%ﬁ%o?@fd@l‘bd ﬁ@ﬁs@&fyltatlﬁmsaelp@ﬁélbierboaf/e@wr&e
materi a

actlvatl on of potentially 20 {)at ogeni ¢ agents
“manuf act 1BG regnPr svewrtsial plagsaipegar toaplagmit Kuth eoWHWQﬂ%&QG‘P@%emL%@ENU"’FW"t
FI GURES Fi 9 %@ SGRyaHIeP Ry ReibkindlyEe BbRMtidARr aski n~:
insertion i to erﬁ’iﬁ@g@g{fﬁé%}” cidt pl 3yeCLg4at edyﬁéﬁasklyﬁe unfol ded after
insertion i nto endoscopi ¢ equi p. Fl gure 2 2.1 WI | ospon~ forte:

non- coat ed| Fésérd@ W@Pﬁt‘o?sd aVi g%d’ Hein exﬂe?irrﬁé?rts 'lrp%%etr' BNtekN s NPSKHENS tRat

equi pnent 2. ate ospon orte: after 1nsertion’'into
endoscopi ¢ ecapidtinrewas pegegser;e The in vitro experiments showed the antifibrinolytic protection of

35 aprotinin in the clot and that TachoComb® without aprotmln (TachoComb S) was not




WO 02/ US87~9 14 3.1 WI Il ospon Spezial: non-coatedl coated 3.2 Coated
W | ospon ~ Speziai: insertion into endoscopic equi pnent 3.3 Coated

W | | osponwoSpazsab: : unfol ded after insertion into endoscqigisegiispient
Figure 4 4.1 Ethisorb” Patch: non-coated/coated 4.2 Coated Ethisorb ~

Patch: insertion into endoscopic equi prent 4.3 Coated Ethisorb ~ Patch:
unfol ded after insertion into endoscopic equi pnent Fi gure 5 5.1 Tabot anp~
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The results obtained in these four studies did not show any relevant difference between

TachoComb S and TachoComb H. Both products behaved similarly with regard to
haemostatic and wound sealing efficacy including severely stressful conditions like
15 increased intraorgan pressure or hyperfibrinolysis induced by local r-tPA application.

It can be concluded that the preclinical program designed to evaluate the overall necessity
of aprotinin as a component of TachoComb H has proven similar efficacy of TachoComb
H and TachoComb S. Both products have been used successfuily as only means of

20 haemostasis, tissue gluing and tissue sealing under all experimental conditions. In the
course of animal experiments, there were no undesirable tissue reactions. Consequently,
aprotinin has been eliminated from the composition of the invention.

The composition of the invention is expected clinically to exert the same haemostatic,
25 tissue gluing and tissue sealing properties as its predecessors and to have the same or

an even more satisfactory safety profile. The absence of aprotinin which is presently only

available from bovine sources adds safety against hypersensitivity reactions. In this

regard it should be noted that antibodies against aprotinin occurred in three Japanese

studies. No such immunological response is anticipated with a composition without
30 aprotinin.

In a presently preferred embodiment, the invention relates to a composition for
haemostasis, tissue sealing and tissue gluing which comprises a flexible carrier which has
at least one of the following physical properties:

35



prot ei n52-7662- 7152- 76Sodi um chl ori de8-1408- 14tri Sodi um
citrate2-41-32-4Argini ne

(hydr ochl wioi (d@bsae 2615- 2115- 26d yci ne06- 91- 2Hi st i di ne03- 5¢eyAaBIEEQAS:L- 2Resi d
ual noisture<= 22-4<=1,5 Thronbin rawnmaterial s

For mul ati onActi vi t yResi dual addi ti onal rsT%bbst ances(Il. Ul

ngnoi st ur eaddi ti vessubst anceHunman t hr onbi n A360- 540<=3%unan al bum n,

sodi unchl ori de, sodium citrateHuman thronbin B7-10<=3%duman al bum n,

sodi unchl or plasticity Gapdwie ithe EaNeRATEN WONEMpPYENER TG NG ran al buni n,

sodi unthl or | i i ; .
%ﬁ‘st P hEeRP ARh @sYCT RRych; WO 02/ 0S87.19 16 EXAMPLE |
PCT/ | 802/1? .ig3 In the gresent exanpl e, the suspensi on &pnhaLns hyman
r

fibrinogen thamberadiametesohmere thanrk Ao P @rdiless hamA Bm 8Rd/er having g ghamber
suspensi on ggh}é@ é?/fera'gé%ldﬁ 3Was obtained by applying the follow ng
pa

guantities an rameters: Fibrinogen mxture: 10 - 2800 nml ethanol (94% at
-2C-8C) - 892.5 g human fibrinogen formulation B - 493.5 ng riboflavin The

fibrinogen mxtiHich epthsiebor 8 - 16 hours at 2-8C while being stirred.
Thronbin m xture: 1@ 1%0 ﬁi et hanol (100% at -30C) - 12,27 g human

thronbin formulation B The thronbin m xture was stored for 8 - 16 hours at
-30C. Suspe pﬁ]h - 7 mM of thronmbin mxture is added to the fibrinogen
m xture. 209(_§I\A ‘Iﬂs}gé?hanol at 2 - 8C was added to fill to the final
suspensi on waod soiig thfor@¥00 nl . Suspension characteristics: 1. Ethanol
concentr gpi on: 94.3 2. Sedinentation behaviour: 25 a) sedinentation vol une
5 mnutes after start: 98% of test volune) b) sedinentation volunme 24 hours
after start ané4ivenhot ewnpnsel anyeantfibronalytic epentsiugh asRArtini reqamiBagaproic acid,
dianeter): 56.4 +/- 1.3 pmCarriers in the formof collagen strips were
coated with® ﬁé‘@ﬁ%‘ﬁ%’ﬂlﬂ on. First, 48 collagen 30 sponge strips were
pre-incubated in a cooling chanber, at the follow ng conditions: -

Tenperature:; 5. 2C - Absolute hunjdity:. 4.8 g.wat cair - | '
Teme LT 26 Paal S ML i G i A 0
foll ows: 15 abrasion is less than 1.0 mg/cm? when a sample of the coated material is shaken on a

Vibrofix shaker at a frequence of about 1000 rpm for 2 minutes and

if the coated carrier material is inserted into an endoscopic equipment and thereafter
removed, the material is substantially unchanged and has cast of coating material less
20 than 20% as an indication of the flexibility of the carrier and the solid adhesion of the solid

fibrinogen and solid thrombin, and

said material being substantially air tight and liquid tight and having an elasticity factor of
at least 1.25 as determined by a test comprising fixation of the coated carrier to a Latex

25 sheet, expansion of the Latex by pressure three times and at the third time measuring the
area of the coated carrier at the highest point of Latex sheet expansion and comparing the
expanded area of the coated carrier with the starting area of the coated area.

The preferred composition of the invention wherein the fibrinogen and thrombin are

30 human, e.g. purified from a natural source or transgenic or recombinant human fibrinogen
and thrombin, is the only non-bovine fibrin sealant available with a fixed combination of
active components coated on a flexible carrier and has several advantages:

Ready-to-use, no time consuming thawing or preparation procedure needed

35 Easily applied directly onto most tissue and organ surfaces



WO 112/ Ca87~9 17 PCT/1B02/01~53 The coated strips were incubated for 15

m nutes at a tenperature of 5.2C and an absolute humdity of 4.8 g water
per kg aiwoobhesmaeated strips were then dried in a vacuumpdryigpgoqkanber at
the followi ng drying conditions: 5 - Air condition: tenperature of 5.2C
absolute humdity of 4.8 g water per k 1air - Ar flow through aspiration
val ve: 23 nB8 per hour - Vacuum 59 nbar - Drying tinme: 4 hours 10 The
abrasi on of the obtained coati n% on the coll agen sponge strips was

appr oxi nat eEydascorigpppligatign®#ASYPSken on a Vi brofix shaker at a frequency of

800 - 1200 fBEHdHIEmS withBhe ﬁ§em§e£étl}é°ﬂaﬁmhb olor bRingMRsed eﬁWta@amae, the

suspensi on contains human fibrinogen formulation C and human thr? P
£ or nul at i onCembigatiom af the glyiamsifent °f/@ﬂ”l§'h‘isl°t8'l‘9 Q%ﬁ"erﬁ‘e%m@b%ﬂpﬁg Sl lexible

appl yi ng thg,tigl | owi ng quantities and paranmeters: 2o Fibrinogen m xture: -
2252 m ethanol (94% at 2C-8C) - 370.7 g human fibrinogen formulation C -
.493. 5 ny §i Highlyflexiblerard withstandine heanyatigtingandeMRIESSN 8 - 16 hours at

2-8C Whl | e feTepaly m et hanol (100% at
-300) - 12 Bfitcille hiabirioSheishd HRL U rfﬂ'“gl“?“?‘n"r%sﬂ’a%"%% LU Tvial)112 m water

for injecti bavonneble atehuprefigi ke modoxine comporgnttor 8 - 16 hours at -30C.
Suspensi on: Ré’gﬁg/aagﬁ‘e%ﬁv'"ifsn'i’ Misgresudidcerd!r € were added to the f| bri nogen

m Xt ur e. ano - 8C was added to fill to the fin
suspensi on Geh bestared 3562°Grio, +8sGHnevill bavearm rexpedted sheltlife of 36 Etonﬁﬁol

concent rZ{) §|r'atvr§?m%er%gel%'curg%iJ fgﬁ %tdf% tggp@éﬁt%’ﬁar? eV\D 112/ Cs87~~ 18 a}

sedi ment nut e art st vol une, b)
sedi nent ati on vol une 24 hours after start. 71 % of test volume. 3. Particle

Th”the. form BF Tephdg o8B tha prstbinc Sopeeih BRI ShBE odives oo aCich 43"
col I agen spgetged of the tasiworingr @mponebtiredrden ta peavent agy cenarbtheoredical; ik of

fol | owi ng Cﬁ?rﬂ#ﬁtgﬁ%g“ dlsg 353];0% GolsSls hulBh&t IntRidMgtrdhdntissiBR: 888ngiform

I ncubat i on
15 encephalopathies (TSEs). The active components fibrinogen and thrombin are thus of

human origin, and bovine aprotinin, the inhibitor of the fibrinolytic enzyme plasmin, has
been removed. Thus, the advantage of the preferred composition of the invention
containing no bovine components is that the risk of transmitting diseases, including bovine
spongiform encephalopathy (BSE), via bovine material has been eliminated.
20
Similarly to other fibrin glues, the composition of the invention works by reproducing the
last step of the blood coagulation cascade. A mixture of fibrinogen and thrombin forms a
fixed solid layer on the surface of the flexible carrier. Upon contact with fiuids, e.g. a
bleeding surface, body fluids or physiological saline, the components of the layer dissolve,
25 diffuse into the cavities of the wound and start to react.

The polymerisation process produces a strong adhesion between wound surface and
carrier patch. During the time required for gluing, i.e. 3 to 5 minutes, the composition of
the invention should preferably be pressed gently onto the wound surface. The carrier
30 patch provides mechanical support that allows tamponage of the wound. The patch keeps
the coagulation components in place when wounds are bleeding profusely and prevents
potential re-bleeding. The mechanism of action involves the conversion by thrombin of
fibrinogen into fibrin by splitting off peptides. Fibrin monomers polymerise spontaneously
into fibrin strands forming a viscous and elastic clot, which glues the carrier patch to the



The coated col | agen sponge strips were dried as follows: The coated strips
were incubated for 13 mnutes at a tenperature of 4.9C and an absol ute
hum dity wb idwo8s7gy water per kg air. The coated strips wer ecm@mngigsed in a

vacuum dryi ng chanber at the follow ng drying 15 conditions: - Air
condition: tenperature of 5.2C absol ut g hum dity of 4.9 g water per kg air
- Air flow through aspiration val ve: 25 per hour - Vacuum 60 nbar -

Drying tine: 4 hours 20 The abrasion of the obtained coating on the.
col | agen spwmy'ezl surfagss e flpprorirkeswispauendly nggrvem %%ﬁ?@ﬁﬁ]@enﬁproﬂprﬁwb'a“
Vi brof i x Shﬁgfétlﬁt(F fgf equency of 800 - 1200 rpmfor 2 mnutes EXAVPLE |11
25 In the present e an% t he suspensi on contai ns human fi brinogen
formulation C and human thronbi n formulation C. A final suspension vol une

of 780 i E&QH%Q%%E%RP%R&SI@&DM rn?ﬂshhé'cé %hb%rngr %Pe > | 'tdgeﬂ#‘eraBP

par aneters: nogen ‘m Xt ur et hanol (94% a - 84.42 ¢
human fib§i n@geansacbupnurlae imgehanicalistability of theoearde rhatgis am aftamppmaﬁeﬁfect fo

t t
(7L SR, s et A, A Sy gy o

human t hr onthiercafriar sutface facnng trm wound@mﬂea anﬂbvwr@wﬁéh%tammad%eﬁ%ctang dhe

{1 br  nogen ArERESBERTRT gpt fifuss, o g AR e Bheeiey 3pat ot 161

to fill to theesifuation whespesing mosy fibrimelues, thee isino adhgsians between the wounded
char act eﬁbséﬂ)eg v&r%djwlthﬁhg%mgp%ﬁ@ﬁgﬂhé HvieRflbn % &heﬁ&?bﬁ?@t s rlsCIHereof when

behavi ou ation m nutes a

vol ume, b) thediomposition ofithedhvandionsabbeersused er start: 72% of test voI une.
3. Particle size (Folk Ward nean dianeter): 60.5 +/- 0.5 Nm 15 Carrlers in
the formof collagen strips were coated wth the suspension. First,

col | agen spbnije stanopsrylate angrgelatineutsreo-formaidetyde (GRFY mwebewhlchtareﬁmhly

fol I owi ng Cﬁlsgltcg)élco?o ‘parenchymatous tissue, the solid composition of the present invention is
15 physiologically degraded and replaced by tissue within weeks or months after application
mainly via two mechanisms:

1. The fibrin clot is degraded partly by fibrinolysis and partly by cellular phagocytosis.

20 2. The carrier is degraded layer by layer by absorptive granulation tissue and converted
into a pseudo-capsule consisting of endogenous connective tissue.

The composition of the invention is useful for haemostasis, tissue giuing and tissue
sealing, in particular in surgical intervention in the gastrointestinal system, such as the

25 oesophagus, stomach, small intestine, large intestine, rectum, on parenchymal organs,
such as liver, spleen, pancreas, kidneys, lungs, adrenal glands, thyroid and lymph nodes,
cardiovascular surgery, thoracic surgery including surgery on the trachea, bronchi or
lungs, surgical interventions in the ear, nose and throat (ENT) area including dental
surgery, gynaecological, urological, bone (e.g. spongiosa resection), and emergency

30 surgery, neurological surgery, lymphatic, biliary, and cerebrospinal (CSF) fistulae, and air
leakages during thoracic and pulmonal surgery. The present invention thus also relates to
the use of the described compositions for the above purposes.

It should be emphasized that the composition of the invention is substantially air tight and
35 liquid tight which is the reason for the product being particularly useful to treat lymphatic,



- Tenperature:6.0C - Relative humdity: 85% 20 - Incubation tinme: 18.5
hours The coated col |l agen sponge strips were dried as follows: The coated
strips wewe dzmesthat ed for 45 mnutes at a tenperature of PeTABIyG4EE£! ati ve
hum dity of 85% 25 The coated strips were then dried in a vacuum drying
chanmber at the followi ng drying conditipgns: - Air condition: tenperature of
5C, relative humdity 85%- Air flow through aspiration valve: 1.2 n8 per
hour - Vacuum 35 nbar 30 - t| me: 4 hours The abra5|on of th

obt ai ned cobdlanam]cmérq,s@mahgéF) apdainigakages AyWpg pHimanary, apd g""ﬁﬁ%m
when shaken sifde V\% YuRhe! 'd&eﬁb%ﬁ@rréﬁucﬁbélh QuBstadtisMl 180 tight.20% RigAly fudefu? in

m nut es. 02/ 0587-L9 PCT/ 1 B02101~53 IP t he present
.exanpl e, théUfgﬁwmehb@Gﬁ'ﬂalof&aﬂﬁlﬁﬁ‘ﬁh afslﬂbﬁ Yves gad spiseiAng °Bﬁ”rﬂe§rﬁjgﬁﬂﬁtéﬁ1

t hronbi n fobgﬁlﬁﬁtéﬁmaﬁcha?nélf' nal suspension volunme of 3120 ml was obtai ned
by appl yi ng™t l ow ng quantities and paraneters: Fibrinogen m xture: -
2540 m ebPhanol (100% at 2C - 8C) 1o - 311.fi g human fibrinogen

formul at| OnTﬁ\a Pr t@ He' @%r{ﬂ%ﬁ'lé‘ t6 b@%pﬁé@%@ﬁ%&dmgxwlﬁnﬁl@ﬁcsﬁlmir?dalf eF 8

- 16 hours eilng stirred. Thronmbin m xture: - et hanol

(100% at - 3@6}F Iggkagezgmrg)t m?nmtqoﬂedmﬁhncwemﬁmat F@thqsszrs\am Ff@ﬁe meigods
M water fog,, Hgdjdag hﬂ@g@%ﬂg@r@gﬂg to the fibrinogen mxture. The thronbin

m xture was rinogen m xture. A 100% ethanol at 2 - 8C was
added to fill to the final suspension volunme. zo Suspension

char act ern bsg’bgscarﬂer EWE'%?;&EbﬁO%]%“é#é‘t %B&geg%legg%%?%@tﬂléfp@ewaﬁ ggéd)

a) sedinentatron volu ter start test vol une
sedi ment at i synanymonsly2in hb%urwesﬁl‘ttesp@!f@ﬁtlon E@dsolabns.t dbe  gempeRentss collagen,

Particle si ?.Bm(cF Rh K a8 fr JFRAA Q"eagﬁatf IH éﬁ Raritnalidh %nﬁm Gaye fér§t5|§ e tBfd

formof coll age Strips were coat e suspensi o rst, 48 coll agen
sponge stri pempenantyage of buman edigim Tzh\ec@cﬂagm f@namm an‘éthrpﬁi'élnf way @W‘nge

conditions: , ;30 fF%r-ﬁeéTP‘S cor%aglc recSiRbRahYEr (PaEdhicY haxrﬁ%t%ﬁbr‘n'a %Balgf'

time: 22.5 RoUrs e coa en sponge strips were as
15 thrombin .

A presently preferred source of collagen is equine. In order to prevent virus transmission

due to contamination with equine viruses that are pathogenic to humans by virtue of the

collagen patch, appropriate selection of source material and inactivation of potentially
20 pathogenic agents by the manufacturing process is important as precautionary measures. -

LEGEND TO FIGURES

Figure 1

1.1 Opraskin®: non-coated/coated

1.2 Coated Opraskin®: insertion into endoscopic equipment

1.3 Coated Opraskin: unfolded after insertion into endoscopic

equip.
Figure 2

2.1 Willospon® forte: non-coated/coated

2.2 Coated Willospon® forte: insertion into endoscopic equipment

2.3 Coated Willospon® forte: unfolded after insertion into

endoscopic equipment

Figure 3
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6.2 Coated sponge Nycomed [lab sample]: insertion into
endoscopic equipment

6.3 Coated collagen sponge Nycomed [lab sample]: unfolded after
insertion into endoscopic equipment

6.3 Coated collagen sponge Nycomed [production sample=
TachoComb®]: unfolded after insertion into endoscopic equipment

Figure 7

endoscopic tool: Endodock®

endoscopic tool: Endodock®

endoscopic tool: Endodock®

Figure 8

Blood coagulation and degradation of clot and carrier patch. The
active components of the carrier coating are shown in grey shaded
boxes.
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Thrombin raw-materials

Activity
(.LU/mg
substance

Formulation

Residual
moisture

additional substances

additives

Human thrombin A 360-540

<=3%

Human albumin, sodium
chloride, sodium citrate

Human thrombin B 7-10

<=3%

Human albumin, sodium
chloride, sodium citrate

Human thrombin C 35-60

10

<=3%

glycine

Human albumin, sodium
chloride, sodium acetate,




WO 02/ (1S87.19 24 EXAMPLE 2 PCT/1B02/fll .| S3 Conparison of coated Nyconed
sponge (TachoConb S) with other carrier products 5 coated identically as
TachoConbWe.0245%d8%i on of the | ayer Procedure 10 1. Coati ngcafigdi/éiies ent
carriers Brand nanmeMat eri al Manuf act uredl Di stri buted byOpraski nCol | agen
spongeLohmann, Postfach 2343, D- 56513 Nguwi edW |l ospon forteCol | agen sponge
(calves)WI | -Pharma, Postbus 30, NL 1160 AA Zwanenbur gW | | ospon

Speci al Gel ati ne spongeW | | - Pharnma, Postbus 30, NL 1160 AA Zwanenbur gEt hi sorb
Pat chPol ygl act i n9101Pol ydi oxanonJohnsonl Johnson( manuf act ur er) Et hi con,
Rober t - KochERAMPLED 22851 Nor der st edt Tabot anp NU Kni t Oxi di zed regener at ed
cel | ul oseJohnson/ Johnson( manuf act urer) Et hi con, Robert-Koch-Str. 1D 22851
Nor der st edt Col | agen spongeEqui ne col | agen spongeNyconed

Aust ri aNy colfrespidenPekaipiSithe sdSpméRAohiate Hitna RRinBher ffmBRN&n Bfangach
TachoConb S coating suspension. 15 The anount of

carrier was coated wt

.coating sﬁsB'é'ﬂ?thW%‘%ﬂr}@%'ﬁﬂW't o TachoConb specification (5,5ng
fibrinogenlcnR). The sanples were dried. WO 02/ 0587-49 25 2. A sanple of
1 x4cn2 was epared of each coated carrier. 3. The adhesion of the |ayer
was tested ég"r"P YspaRsien xplume #f a2 Ml e shtaissyAnplingthe Jellowing quanitirse
(measur emengndp@hietéts; t 0, 5ng) 1o Vibrofix shaker combined with fixation
device Ruler wth m|linetre graduation Stop-watch, scal pel, tubes of 2cm
i nternal di GieEPegenNXHIGt opper Procedure PCT/ | B02/ 01-453 15 4x1 cnz coat ed

area are;gul oooRhl Siknof @ALSSk 585 8P€f using a scal pel. The sanple is

placed in a bal anced tube with stopper.Then it is shaken on the Vibrofix
shaker (frequé%2\b g hwoan fibdomepdprmiudation n. The sheet is renoved and the
resi dual qugntt{g%ys r% rﬁs8ﬁ§\}ir§19 mat eri al {abrasion: ng/cn2) is reweighed. 20

Cal cul ati on:
The fibrinogen mixture was stored for 8 - 16 hours at 2-8°C while being stirred.

Thrombin mixture:
15 — 100 ml ethanol (100% at -30°C)
- 12,27 g human thrombin formulation B
The thrombin mixture was stored for 8 - 16 hours at -30°C.
Suspension:
— 157 ml of thrombin mixture is added to the fibrinogen mixture.
20 — A 94% ethanol at 2 - 8°C was added to fill to the final suspension volume of 3500 ml.

Suspension characteristics:
1. Ethanol concentration: 94.3 %
2. Sedimentation behaviour:

25 a) sedimentation volume 5 minutes after start: 98% of test volume,
b) sedimentation volume 24 hours after start: 64% of test volume.
3. Particle size (Folk Ward mean diameter): 56.4 +/- 1.3 ym

Carriers in the form of collagen strips were coated with the suspension. First, 48 collagen
30 sponge strips were pre-incubated in a cooling chamber, at the following conditions:

- Temperature: 5.2°C

— Absolute humidity: 4.8 g water per kg air

— |ncubation time; 18.5 hours

35 The coated collagen sponge strips were dried as follows:




Abrasion (nglcnme) = weight of residual (ma)-tare (ma) 4cnR 25 Results
Carri er Subst anceAbr asi on (ng/ cnR} Opr aski nl yoph. Col | agen2, 1W | | ospon forte

(3mm) | yoptvo R2assagenl, 2W | | ospon Spezi al (1mm) Cel ati ne2, 1HdymessEat ch
(2VvPfi 09) Pol ygl acti nl di oxanon14, 3Tabot anp NU Kni t oxi di zed

cel | ul ose9, 2Col | agen sponge Nyconedl COH agen, foanmed~ 0, 15 WO
02/11S87.19 26 Comment PCT/1B112/0OLl. 1S3 All carriers except Nyconed

col | agen sponge are not flexible after coating. The sanple has to be cut
out very cailihe cosieg strips were i@ubaiﬁdwtwbylnutﬁsr?g ajemaeratwe o§8i28cgrd ap 5 | ot
of the coati i il ecause the layer initself is
rigid. Ethi gﬁ%@ﬁhﬁ&@h%&édgyaﬂ%gg% aQ’onnecti on with the coating materi al
at all. \WefThsbaited skipsiviere thelni driedain b vatuurh @ningachiampas @bthe follgwing drying
"carpet". The Cfﬁ'.ff,er ence between Nyconed col | agen sponge and the ot her
carrier mat &M Yshows 10 quite clearly. Elasticity of the noistened
-coat ed casr i-erAiPeerasitibn: terdferdtureCof.210y aifsollitd hemielity ot4Brg water per kgraia of
2x4,5cn2 of each _carrier was coated w.th, TachoConb S coating suspension.
The amount of %'BQ?WHH%%W?ﬁ%V%}S?'\ge@BO‘?ﬂ Yo TachoComb specification
(5,5nmg fibrinogghiupBp-modie sanples were dried. 20 2. A sanple of about
5-7cn2 was prepared of each coated carrier. The exact starting area of the
dry sanpl e wasPH#gime: ePuUr8. The sanpl e was noi stened and put on an

el astic Latex sheet fixed to a special equipnent as described in detail

under the heading "procedure”. Then pressure was put 25 on the Latex stbeft
whi ch exg@ndbe abrasiasy ofthe phiained coating-ersthecoliagen spoage sirigs Wag@pgrpxipaiply 0.

expanded f o hj ' BFSHR sRbkdriR aGrRigUbRdy HFRDOTEIRDD FRA f@2 itdtes.
hi ghest exp(gln |'{]on‘w%%i‘ %ﬁ%%ﬁ%ﬁggg&i ptri orz;1 . cl30 Kppar at usl m’fe'flri cal s

Peristaltic punp (I KA PA-SF) Pressure buffering bottle (3 outlets} VDO
manonet er ( ) 35 dass funnel (0 openingl: 30mm opening 2: 15nm
%ﬂﬂﬂj‘?_ ) h

WO 112/ 0S8
15 In the present example, the suspension contains human fibrinogen formulation C and

human thrombin formulation C.

A final suspension volume of 3500 mi was obtained by applying the following quantities
and parameters:
20 Fibrinogen mixture:
— 2252 ml ethanol (94% at 2°C-8°C)
— 370.7 g human fibrinogen formulation C
— 493.5 mg riboflavin
The fibrinogen mixture was stored for 8 - 16 hours at 2-8°C while being stirred.
25 Thrombin mixture:
— 188 ml ethanol (100% at -30°C)
— 12 vials human thrombin formulation C (10650 1.U./vial)/12 mi water for injection
The thrombin mixture was stored for 8 - 16 hours at -30°C.
Suspension:
30 - 164.5 ml of thrombin mixture were added to the fibrinogen mixture.

— A 94% ethanol at 2 - 8°C was added to fill to the final suspension volume of 3500 ml.

Suspension characteristics:
1. Ethanol concentration: 94.1 %
35 2. Sedimentation behaviour:



PCT/ 1 BO2/ 01~53 Silicone tubings and cl anps, Latex gl oves (Senper ned),

scal pel, ruler with mllinetre graduation, scissors Physiological saline 5
Pr ocedur ewbhe/o®ish ow ng equi pnent is connected air tight tperiBebéhsse
outlets of the pressure buffering bottle via silicone tubings: a)
peristaltic punpe b) manoneter io c) glass funnel/opening 2 A double sheet
of about 8x8cnz is cut froma Latex glove. This sheet is fixed airtight to
the glass funnell opening 1. About 5-7cn? coated area are cut out of the
coat ed car r flesedimemation wlyne §mingigs affprsiats 94° of teghyAlwmes neasur ed

(starting apealsimdiatidPiine 22holReafeR8Re71% ot TestVbisiened with saline and
pl aced on the Latex sheet. Pressed to the Latex sheet manually

~sh Then it is
for about 13rRatticleisizadFelkdVardmeangiametepl A 21=0-La#B% sheet is expanded by
putting on a pressure of about 70nmbar. This is repeated twice with

rel axation of the Latex sheet afterwards. At the third expansion the area
(1 engt h ahdCairigrsip the farmeof coliagen stripsrwere cpateduyithy the gusrensiop. Rrgitfseollagen

poi nt of La, ' k ' n t el tbitowih@edrititionsar ea of
the carri erggdthg?%% @g?ﬁ!@ﬁbﬁgéﬁkﬁlﬁgﬁfg‘gbg? t::l%rrpl()emlll'x’gelsuI tI lsons

Car ri er Subst anesifesatuies t8/Cf act or Opr aski nl yoph. col | agenl, 78W I | ospon forte

(3m) I yoph. ¢ Nph l,@spon Spezial (1 mmgel atinel, 79Et hi sorb Patch
(ZvP609) Pol ygﬁ%%%ﬁ'%mg'y#ghi/gTabot anp NU Kni t oxi di zed

cel | ul osel, 150ntubagemtispo2?)25 Myarsnedcol | agen, foanedl,55 WO 02/0S87-49 28
Comment :  PCT/ | BO2/ 01. 153 The el asticity of the noistened Col | agen sponge
Nyconed % achoConb S) is one of the 5 inportant characteristics of the
product . El 7isé ceatey coliagen spongedtripsweteodried as falhmvsabdom nal surgery. After

| ui ng the rrier should be able to follow for example e ion_and
Dol axat i on ok erRY 5B were efigied i 1aTninCiFe il 1ShaRaLTe Bl 5O% ARl afn-
showed no ehpsdiite hudhidify oll4ls g Wateil@bekrdigid from the coating i mrediately.
Coated W/ | gspon Sgezj al and Opc{r_aski n showed stryctyral  de fots d(lill’i ng the

< f.e
test. 10 UsEhopoaisdstits were then drigddnayaeufin endig qpampeppbibedalioning Ivigat i ng
of differentorkdiignsers 15 An area of 2x4cnR of each carrier was coated with
TachoConb S coati ng_suspensi on. The anount of coati nﬁ‘bsuspensi on

corresponded A" qAKiOCH RFPSRRIEIEr 9f Oad Co rAbeg Ut umIdRY Pi1hE SrVRIRDNET KA sanpl es
were dried. ~2-AiF|_i}IB?NMi&%i@fioﬁ%v&%trﬁ%&%hier sanples for use in
and el [

endoscopi ¢ surgery oss of coating due to this handling are
docunent ed by \éacbgi B@Imhskiot o- equi pnent. 20 Met hod descri ption Appar at us

— Drying time: 4 hours

20
The abrasion of the obtained coating on the collagen sponge strips was approximately 0.3
mg/cm? when shaken on a Vibrofix shaker at a frequency of 800 - 1200 rpm for 2 minutes

EXAMPLE Hli

25
In the present example, the suspension contains human fibrinogen formulation C and
human thrombin formulation C.

A final suspension volume of 780 mi was obtained method by applying the following
30 quantities and parameters:

Fibrinogen mixture:

— 700 ml ethanol (94% at 2°C - 8°C)

— 84.42 g human fibrinogen formulation C

— 110 mg riboflavin
35 The fibrinogen mixture was stored for 8 - 16 hours at 2-8°C while being stirred.



Endodock: Endoscopic tool designed for the use of TachoConb in endoscopic
surgery 25 (see Figure 7).Digital photo-equipnment. List of investigated
carriers wWarajoesiearri er materi al Cpraski nl yoph. col | agenW Idcasiponoifses t e
(3mm | yoph. col |l agenW I | ospon Spezial (1nmgel ati neEthisorb Patch

(2vP609} Pol ygl act i nl di axanonTabot anp NygKni t oxi di zed cel | ul oseCol | agen
sponge Nyconedcol | agen, foaned WO 02/11S87~'1 z9 Procedure Picture series
t aken of each.gcarrier. PCT/1B02/01.153 1. Picture: Docunentation of the
non- coat ed andNOSLEXYE: i er sanples. 2. Picture: The coated sanples are

i nserted into3sheet2mob@opcategorcynment (Endodock). 5 The sanple has to be
flattened manuallééhto be able to wap it around a guiding "pin". Then the

sanpl e i s insBrgsthymantembiniformyilation Gt eel tube of 10mmin di aneter.
Docurent at iToe tRforidie mpdiie! aslstbiedddl & - 1Rk E-303C0 t he Endodock tube. 3.
Picture: The sanple is pushed out carefully. Afterwards the sanple has to
be unf ol FePUSPRRSIBating that has split of the carrier due to this handling
s gather ed bosiga driifofiin hiture Was HiBey b e dBnogethguad l er 1nsertion into

t he endoscopi ¢ equi pnent and |l oss of the coating due to this handling
are docunent e8.108netbanol B4 2 h 80 masdded 4a lbtodhe fingl suspéensipnvoliios o&780mbned)
i n endoscopic surgery is the 15 nost demandi ng application of the product.
TachoConb S is inserted into an endoscopi ¢ equi pnent. The tube of this

equi pment  iSusgensioracharagterigteam i n di aneter. To be inserted into the tube
TachoCo [ I dakben wapped around a guiding "pin" and then
insertecrg%cir' %4@%’%?@9?‘% ?{‘Jb/g Therefore the connection of the coating
to the car 12 Sedmrantationtiehavibgel f has to be strong but the product has to
stay fl exi ; L0 Aslidd t e rolled up. Wen

br ought to%ﬁg&gﬁﬁg&gk‘ Vf)ﬁ‘é”}/es%réertélé %%ﬁo%g%%gt’soﬁg&&gre dl 'y pulled out of

t he tube. Hsadimentadiontvolube 2hhourp plier stadt 1% ottest widrhe. wound surface. This
often requi I HSWAR r dhesd of the layer to the
carrier sh%?%n%%@%é?gjﬁg enoa]ug%a?gg\;ﬁm{%q%@t@h% {]ﬁ)ﬁsﬁ'ﬁandl ing. 25 Results The
results & e seen fromthe enclosed Figures 1-6. An estimate of the cast of

coating materj.al .l X I - 400 ' Jort - 70%
W | ospon per,gi@gl'd %@%gﬁogl\r%e@k%%gﬁéa%@@ ﬁ%sé(gsb«g@?@%l%g%c‘égg ee?gen
sponge Nycepedgesitips Were predndiuldtddsg'a7cab)ing bhdrilier) &0h¢ fdlibwirgXToaditiingdi sorb i s
a very rigid a%rirgurtj@g hesion of the coating is very bad. Therefore
coated Ethisor5"P% %1%Mst all of the coati ng in this investigation.
Conpar ed t o cRalatite hahiditges5% ponge of Nyconed al |l the other investigated
carriers have a fl at sur.fg(rzsrehto be coated. Therefore the coating lies |ike
a " flat2%ar plcubgiontime: J33hQYS This 1 eads to a rather 5 unflexible
structure of the dry coated carriers. Bending or rolling up often breaks
the coati ngI'h'enc_olaEeSdec!oflI'agen sponge strips were dried as follows:

The coated strips were incubated for 45 minutes at a temperature of 5°C and a relative

humidity of 85%.

25 The coated strips were then dried in a vacuum drying chamber at the following drying

conditions:

— Air condition: temperature of 5°C, relative humidity 85%

— Air flow through aspiration valve: 1.2 m? per hour

— Vacuum: 35 mbar

30 - Drying time: 4 hours

The abrasion of the obtained coating on the collagen sponge strips was approximately 0.3
mg/cm? when shaken on a Vibrofix shaker at a frequency of 800 - 1200 rpm for 2 minutes.

35



After insertion of the coated carriers into the tube of the endoscopic

equi pnent and the unfolding of the sanple afterwards all carriers except
col | agen swangesad Nyconed | ost 10 quite a | ot of the coatpdgiBepoidsnt | arge
areas are left without coating material. The structure and texture of
Nyconed col | agen sponge is the basis of,fhe high flexibility of TachoComb S
in dry or noistened conditions. Nyconmed col |l agen sponge is foaned and has
pol ygonal chanbers inside. On the surtace these chanbers are cut to
caverns. ThEXAMPYEJMyerns enl arge the coating surface. During coating the
coating suspension is distributed evenly onto the structured surface.
During the ~ drying the solution containing both fjbrinogen and thzgﬁbin IS
fixed as solithe FFeReot EXamplaiER RYSPETRIONCOBIAINSTIIVAT IR0 IKIEteR A

desired SiZﬁ?ngﬁqwﬁﬁgkhgnhmgﬁﬁ{ﬂd into endoscopi c equipnment with only a
small loss of coating material or no loss at all. 20 The high flexibility
.of dry TaBhoConb S is a big advantage conpared to all other investigated
coat ed car 1 \qis siRBehRINEETS dPB%S0 i WA BBt 5y Aplyed ineTolWIRPGRMised he
dose of active conponents has been tfound by two ‘diffeerent experinental

nodel s i n 3endparemeters: st rengt h of adhesi on was measured: tensile strength
on rat liveEmﬂﬁg Bgrel rengt h agai nst el evated tissue pressure in rat

ki dney. A. Tensite strength on rat |iver A wound of 1 x 1 cmand about 1 mm
deep was nade 2540trhicetharidl (100%eabR°C+ 88¢) of 35 anaesthetised rats in order

to produ an i ng. h . : nd was seal ed WO 02/ 0s87~9 31
PCT/ | Bllgﬁoi- @ﬁﬁ?H"@ﬁﬁbr‘qfﬁﬁ%@%ﬁg TachoConb S whi ch was connect ed
to a spring-bad4dag ribdievin ensi on at whi ch TachoConb S was torn off was
neasured. B. rengt h of adhesi on agai._ns vat ed.tJ.sS ressure . in rat
G dney 5 A srobiaftiEaen spige e Soead- 16 GRde R e BarRetRe 1ot
ki dney of anpgmigiehipage:rats by cutting off about one quarter of its mass.

The wound was seal ed with TegchoCogE S test sheets. Tissue pressure was
el evat ed by—cl ¥ mtetharol\(tPyaet A% hage and punping an isotonic citrate

sal t sol ygi on 44} Kurdhn iitbAbi@mkiigiaya The pressure at which TachoConb S
started to detach was neasured. 10 TABLE 1 Strength of adhesion of

TachoConmb SSEBRENSIQH: ng different amounts of fibrinogen. Conposition of the
| ayer Strength &f 3 340r3q6r i/EeAsh weld didRt it #@SbrinBGe T RRkEOTDI N,

n
| U cnRTensile strength on rat lTiver, Nlcne n=55tTrength of adhesion against
el evat ed ti Jhathrombismi¢urevas:addrd imibe fibfpegenyaBbe. 20 0. 0247 ~ 902. 400. 20

0.0363 161. i 101. 870. 39
0. 03110 137 SPT BE A % CRere TR AT R Mg e e

20
Suspension characteristics:
1. Ethanol concentration: 97 %
2. Sedimentation behaviour:
a) sedimentation volume 5 minutes after start: 95.6% of test volume,
25 b) sedimentation volume 24 hours after start: 63.5% of test volume.
3. Particle size (Folk Ward mean diameter): 51.8 +/- 0.8 ym

Carriers in the form of collagen strips were coated with the suspension. First, 48 collagen
sponge sirips were pre-incubated in a cooling chamber, at the following conditions:
30 — Temperature: 6.5°C
— Relative humidity: 90%
— Incubation time: 22.5 hours

The coated collagen sponge strips were dried as follows:




15 20 WD 112/US87-49 32 TABLE 2 PCT/1B112/Ul-t~3 Strength of adhesion of
TachoConb S containing different anmounts of thronbin. Conposition of the

| ayer St r eqp\gs dy/@8748dhesi on (nmean SD) Fi bri nogen, ngl cn2Thr opei/iso2/01453

| U cnRTensile strength on rat liver, Ncn2 n=5Strength of adhesi on agai nst
el evated tissue pressure in rat kidney,, nbar n=5000. 200. 0247

96. 1500. 27t 0. 0157104. 720. 920. 39 t 0. 028%"

95. 101. 870. 39t 0. 03110t 134. 784. 950. 35 0. 0297 94.709. 630. 30 08. 05109 .

134. 7519. 830hg Foated GYips werp insubpiedder H) MiBytas:l @ tewPpalg 08 8- 506 A5F adPiatY e
differ enceshgﬁg%@%rﬁgé veral variations. The optiml range for human
thronmbin was 0.97t0 “I.Ulcn with a constant human fibrinogen content of
.about 5 ny/ dhe coated stipsiwere themdyiedfio vieawm drying chasplat ajthe follayving,dryingz . 2

ngl cnR Wthc@mﬁﬁcﬂﬁt ant human thronbin content of about 2 I.U. lcn2 These in
vivo tests confirned that both the concentration of fibrinogen (4.3 - 6.7
ngl cnR) amd -t hair conditiont: terhperatucd of 615 WyinelatielhBnidity98%| U/ cn2), which are

d in other TachoConb f L.at i ons. 4,T d TachoCorb |
osul t i mai HanoRass B BhBE A FERHRIE Com & EXAWPLE 4 EF T cacy

of TachoConmh Syaduupe®sirmigarSpl een and Liver Lesions in Dogs zo The ai m of
this investigation was to conpare the haenostatic efficacy of TachoConb H
(cont ai ni ng —apPBANGHMS: 4PQUS TachoConb S (Wit hout aprotinin) in a canine
nodel of spleen WD 112/11;!i7.19 33 PCT/I1B(12/111.153 and liver |esions.

I nci sion and puncture (0.5 cmdepth) of the spleen werf. chosqn t 'r&ic
f séﬁ%nnhas

00zi ng hd@nﬂﬁ‘ﬁf?&g@mﬂ@é%PP@H’e@fC%?ﬂ%g 1 fheollagRn SROQER SINPSWAS e

per formed t Qndybdi? fwhén ShaKeR®Bra DIbReiRl shaksrit baruensyer 802 -11208 e ®dr.2 winutes.
TachoConb H odrbeachoConb S patch was applied as the only neans of

haenostasis to the wounds (sane batch used for 5 spleen and liver lesion in
the same dogxapNece 9psy was done 48 hours after surgery as this is the
period with the highest risk of re-bleeding in clinical practice.

15 Aprotinin as a component of TachoComb®

In vitro investigation of the anti-fibrinolytic activity under wash-out conditions similar to an

in vivo situation

The aim of the present investigation was to show the efficacy of aprotinin as a component
20 of TachoComb H under hyperfibrinolytic conditions by using in vitro test models.

TachoComb S is an off-white, coated, sponge-like patch. The patch of foamed dry
collagen is used as carrier of the active, solid components. The size of the patch is 9.5 x
4.8 x 0.5 cm. The active side is coloured yellow. 1 cm? TachoComb S patch (thickness 0.5

25 cm) consists of:

Collagen of equine origin 2.1mg
coated with:

human fibrinogen 5.5mg

30 human thrombin 2.0I1.U.

riboflavin (yellow colour as

marker of coated area) 16.5 ng

Experimental in vivo dose-finding tests have confirmed that the above concentrations of
thrombin and fibrinogen resuilt in maximum adhesive strength (see Example 3).

35



Conmpl et e haenpstasis was achi eved with both products. No case of secondary
haenorrhage was observed at 48-hours necropsy neither at gross observation
nor at lowly ®@lesmMgi cal exam nation. Al so histologically therasegiasno

di fferences between dogs applied TachoConb H or TachoConmb S when eval uating
spl enic and hepatic | esions covered with the respective patches with regard
to haenostasis and healing of the woun No case of secondary 15 henorrhage
was observed after surgery. The data of the bl ood count revewl ed simlar

resul ts for TaghoSontedt neertalginguhymant hramiin, ghymar Tikiingger cand ARJOUNRINYaS g
h post surggiy ar%&qgerdéﬁfﬂoﬂg slichh@iriiy 8aly UG E thremBInPand huleh ilbfiflodgerTas
concerni ng any e other paraneters evaluated. Al so the coagul ation 20
-tests reveaﬂ@tyem@"‘moﬂﬁ@tﬁences related to the presence or absence of
aprotinin. An elevation of blood fibrinogen content was evident in both

treatment groups at 48 hours post surgery. The el evation of white
-count and5 bTwodestimpedelowere deyelopa foram qwt&attvneﬁﬂﬁrw%ﬂen ﬂﬁ??ya‘ﬂ?‘& |y per-

response to Evﬁ% aﬁnﬂ §39§1ﬂ+n§ WRILARo@A bedoRsidefedas '?J‘é' r@%ﬁlﬁﬁi féﬁs&r@?&b&oﬁdﬂn@n@bﬁ@ﬁ

of TachoCo I's concluded that TachoCo wi t hout apraf.i ni n)
exerts the which alibwiedde pesdorntiis oanher of lestonhesessary faﬁo? pPRgtiating @ $igRl ?%nt
of o0o0zing agﬁ cgt rongly bl eedi ng parenchyma! wounds in dogs. The stability
of the cl ot "under the chosen conditions was not influenced by the presence
or absence of aprotinin. WO 02/ US87~9 34 EXAVPLE 5 PCT/I1BU2/ 01 B3

Compar at iy ye - aeppatal tm@gpa%@%e Fh 465!y BB A GncRlor bR ©

TachoCo Pur pose for
the study THefinesiholevhad besn gutdutottos m@&snm@te ﬁr%é’?%l?@f%ﬂ'qw@bla%V%ﬁ?@r t

termresi st 3ce.gfia NACIRSIAL 5 HERAford ArtRl/HENdi AR ARENRA sbiihg

pig. 1o Mat et al 4 femal e prgs were used mtestuqmil
groups of héwough dhe chdl¢ e€nes ofidheser anuttmw adslitionally TepiaiEshithe ankifiprinolytic

aprotinin an hout aprotinin. On the day of surgery the
ani mal recel \g'gggﬁgﬁlaéggte' %Fgctly obturating a standardised 2 x 3 15 cm

| esi on sysgically created on the ventral part of the spleen. The immedi ate
and haenostatic effect, of. t e s estimated, by counting the nunber
of bli sters% %’8@8& dn?Lﬂ:)@tl?n ﬁéﬁﬁ \cggssary to stop haenorrhage. The

adher ence ofallBabstakicesark! dilnied % bafferrotenM Dometareel, TOOmMNaCI, 2.heM a8k, t er m

beh d b t ted b

the i nr aspPEIE Bondaaresse ity R0 BH R dRoLe vessal o). v%e'n”fLSas' "
pressure reached an al most steady state, an adrenalin IV bolus (0.02

25 0.04 t d t

ot acoort M pate 1M T e Rr PR RRER ! .né'h@.*ssﬁé%%%”“@ﬁ@%%ﬁ%tﬁ*@>°r

phar macol ogl1paiolarl¢iamﬂae|$un)the rupture of bl eeding pressure of the
TachoConmb H and S repaired | esion was quoted for each animal. 30 Results No
di fference was detected between treatnments at the tinme of spleen |esion

surgery on ubg harrHT4c ef fect.
51 pl plasminogen solution {(conc. 4,9umolar Coachrom human plasminogen activity)

25 50pl tPA solution (50nmolar)
100yl a-antiplasmin solution (2.5pmolar)

Incubation solution Il (1pumolar plasminogen, 1nmolar tissue plasminogen activator)

149l buffer1, pH 7,4 51 pl plasminogen solution (conc. 4,9umolar Coachrom human
30 plasminogen activity)

50ul tPA solution (§0nmolar)

The incubation solution was replaced in 2-hour-periods to simulate a wash-out effect. At
that occasion the adhesion was controlled. A pressure of 50mbar was laid on the sample.
35 The time when the sample detached at a pressure of <50mbar was registered.




WO 02/058p9 35 PCT/IBIl2/01~53 At the second | ook, after 72 hours, the
macr oscopi ¢ appearance of both fleeces was identical. Acute pressure
measur enenwo @nds14esi stance to rupture were not significantpy@obhsgnt 5
bet ween both experimental groups. No rupture of the material occurred.

Bl eeding of the | esion was observed in 4,animals with TachoConb S and 2
animals with TachoConb H (with one addl%lonal blister in group 4). 10

Hi st ol ogi cal exam nation suggested that aprotinin nmay exert a protective
effect on the fleece structure, aprotinin seenmed to nodify the

m Croscopi Cef'le t]pigB&é@in{ tb 88SORStRLte thE T E’r‘ﬁﬁ:‘iy@i@%ﬂe@f‘oﬁcﬁarﬁéﬁécﬁ inReffe tlé\ifme The

specific cel pattern was observed. Coricl usion 15 The |m"red| at
haenost at i ctesttsamply was 2pplachie £ig dtgsiite fRiciirebms, adhesien AUTTaRRs A defined

i nvestigate eH aﬁé@ﬂg@#bﬁ et ?.RJ ﬁﬁ%ﬂe@ﬁ’r\% SR tHeﬂn&foaﬂbS%oluﬁ&’i fo &helintal s

behave sim or efficac erence to the lesion and conpliance to
t he parenEhyﬁmaCtT\Nléf'l thexfilbrir: gl yamﬁ@mwee%ywa#e -oup gffgsie T he iraibatiom sdution was

bi odegr adat | L‘R&h e nFe%E%@eM%ln?es"‘@ﬁd 'ai‘Yﬁa?%&ﬁEﬁldpl%EsﬁrBeof@)rﬁba{?%s fa(ﬂi lbAVhEd

surgery by |ncr e Intraspienic pressure (by nechanical and

phar macol ogssmblenthe Qyn@ammbr’t the sawlﬁrd;ﬁta@edfat asessytadt $595bar was segistetase
TachoConb H and S fleeces. No significant difference of the resistance of
the 2 materials could be 25 evidenced. Hi stopathol ogic findings indicated
however t hafTheheespitot myvksled c colesideadilei diffeehcdachei@oeh TackwConibi dht ¢ontaiping

pr onounc than for Tac nmb S or TachoConb H were used as
only meaﬁg 8p" %Q@rﬁ%’t %‘i"gegﬁ‘ Sé;\gltﬁ’@qt}g g‘}Obl eeding splenic lesions in pigs
(surface lesion 2cm x 3cm 3-5mm dept h; n 12 per group). After 72 hours the
i ntraspl eni ssur [ ni )
Thereafter h??sis'm%ﬁ ﬁauﬁ\ngsg'ﬁr'gcﬁé'giéaw% gﬁ}aw'?%%gée"gesg% ﬁ‘y o{&%ﬁeaccttwator
gflr egal i ne. pﬁmanmﬂﬁarwea@aml@mm@dwa‘fihrmsiygasmm‘for Emrmﬁd:mtgHmasmﬁcZMr&howsof
ood blisters WO 02/ 058p9 36, PCT/ ] BQ2/ 01~53 under the patch.
Hi st opat hol 68§Pareddignistise- G?'P%?B’rﬁq {‘%8 %‘ed with TachoConb H and S) was

perfornmedsafter necropsy. TachoConb S and TachoConb H exerted simlar
efficacy, adherence to the lesion and 5 conpliance to .the parenchym

EXAVPLE 6 Chnifst modeb! uaBgdhe Kcpbationsiphiioncontainingpnly tissug, aﬂB@Pg%/%ﬁété’aB-‘r'
Absor babl e 184 TasHanedEh tﬁe@lBﬁn%@ﬁﬁ@W& ThchBEBRIb Ak B1.635.8Ibours cbMdafdddoi N
u

a Model of Acute Pancreatitls ose for the study The test was desi gned
to assess t BSH1Grbelirafer kchpeamh Sand short term resi stance of a 15
haenostatic fleece on a spleen lesion induced in the pig in a nodel of
acute pancreatitis. Materials and nethods 20 fenmal e pigs were used in the
st udy. 2 29r dnjest ofodeb2 thesdetachonérit digedor mmoommum#. Te4t1ER haws isonpatedHo

with aproti hout aprotinin. 20 On the day of surgery
the ani mal s r%éaé]g%‘ﬂsgor%gbgo'améectly obturating a standardised 2 x 3 cm
| esion surgically created on the ventral part of the spleen. The inmedi ate
haenostatic effe of t | eece was ev d tin [

25 bl i sterspa(‘?&c’ é’h?‘i"ﬂg s["L e e ﬁ%"ﬁ%eei'é%f%?? Bmeﬁéoﬁuﬁﬁ‘&ﬁ?%?"ﬁ.%gst“%‘g”"‘S)er
adher ence ofprdsdtifofrombthbl imédin‘é ARface Dleeslse the strength of adhesion between fibrin clot

25 and intestine surface became weaker.

in both models the antifibrinolytic effect of aprotinin as an active component in
TachoComb H could be demonstrated very clearly.

30 In test model 1 the prolongation of the fibrinolysis time due to aprotinin as an active
component of TachoComb H was 320% for incubation solution | containing a-antiplasmin
and 380% for incubation solution |l without a.x-antiplasmin.

Test model 1 also showed the additional antifibrinolytic effect of o.-antiplasmin by
prolongation of fibrinolysis time for TachoComb H from 31.6 to 41.2 hours (130%) and for

35 TachoComb S from 8.3 to 12.8 hours (154%).




Then,

using a sterile syringe,

t he gal | bl ader was punct ured,

the bile was

collected and 10 mM of bile were injected through the Wrsung's duct) to

i nduce paworeeassme s.

B112/01 ~S3 After

Bl ood enzynme 30 | evel s were nonitoredcraBoy/@isnd daily
after surgery {lipase and anyl ase | evels).
S were deposited on the pancreas paren
U2/ Us87~9 37 PCT/ |

Smal | pieces of TachoConb H and
yma on its gut connection. WO
7 ours, the short term behavi our and

resi stance to enzym ¢ degradati on of TachoConb H and S were investigated by
i ncreasing the intrasplenic pressure (clanping of the venous vessels and

phar macol ogj
an |1V adrengﬁg

Anfusion of 0.02 to 0.04 ng/ M n was adm nistered to increase arterial

pressure,
0.6 ngl m n.

bl eedi ng Ppr eeated weaticalli@siach

Results On the spl een
i mredi at e haenostatic efficacy,
to the par eAdhgsien oftheiayeef fi cacy was very i npressive.
unal tered by nmacroscopi ¢ exam nati on,

each ani mal

condi ti ons

4 in 20 thePpwedureneal
of the resi §tANGH

spl een pressure.

a

il

nmeans of

Wer e Severe,

oA oPTcoB¥ld NpcdindeP RpbmgE

t hese phar macol ogi ca

at day 3 al

especially on day 2 in the bl ood,
fluid. At the 72"d hour,

g gffthdhe T

ure of the nateri al

subst ances,

t hough the enzymatic
and still

MPIEaNS) - 5 When the pressure reached an al nost steady state,
n bolus (0.02 ng or 0.04 ng) follow ng a noradrenalin

HBCORiBY 8) atifh BfdeF aireR Frbd@ts -
the rupture of
and S repaired |l esion was noted for
both materials ~ behave simlarly for
15 adherence to the | esion and conpliance
Both fl eeces were

on day
no significant difference
H@ﬁgajs coul d be evidenced after increase of
occurred in the TachoConb S

group. Bleeding of the |lesion was observed in 1 aninal wth TachoConb S and

2 ani mal s

Hi st opat ho
degr adat i or
pattern was
of TachoCon
enzynmes dig
Concl usi on

and TachoCd
i ncreased (
m croscopi g
coul d be dg
was i nvesti
2cm x 3cm

i nduced by

subsequent

S were al so
l'igation. A
ligating th
TachoConb S

B g

of 30 TachoCom

an~nhaoaCe A

o
UTTU 1

i ngs i

d +h

A%%%é%%d no significant

b S conpared to TachoCq

nnnnnn

Wmmmﬁewr
| erence I n the

nmb H No specific cel

Ul ar

faV¥al
\™ | A AN orl

Sin cl

DpEaskiny

not show any m

E%eﬁ o —panct
wi th high d
WO (12/(

neo-—-ang

SRR

pj or change.

£8hinGns PEstEeh %934“36 e
oncentration o péncr e
§67138eldgied| Bl 12/ O1- 15

L usion;
&@mﬁﬁgﬁﬁﬁﬁﬁhing

ancreatic enzym

&Pt
ru

es environnent. 5 No sp
hat h TA

TP TaRes B pocom
re i n-'conditiohs of

&k 7160 Adadwesardpirgcal n

Ces
At i C
3 38
b S

\ nf
¥tlqspan gﬁ@dﬂlae
gated in a 1o s

ept h:

dification nf t-A—I&
Belating Ponge; cacy of Ta

F andar di sed spl een | esi

eheComb—H=and-Seece
T ERAin Fstbus 30, 0 con

o MBOAA Zwandndotieg | esi

rEélﬂimsa&r Rakhi nj e
ligation of the
applied on the

e splenic vein

t 72 hours after

and TachoConh |
Tabotamp™ NU Knit

=101lgroun) L n ni-as—wi-tH
RelyglagingoPalviioxenan v
pancreatic duct. Snal

pancreas at the site @
surgery intrasplenic
and i .v. 15 adrenaline

n
T

PR BRI ana
(paeufastundr) TachoConb H
f_.pancr i

RS Rk IS 4 e
iDap2831i NordefStedt he spl e

d_bghaﬁed_s+niﬁftlv Wt
Oxidized regenerate

celtulose

!’1 ragard tn
Jo

hnsbn/Johnson
(manufacturer)

Ethicon, Robert-Koch-Str. 1
D-22851 Norderstedt

Collagen sponge
Nycomed

Equine collagen sponge

Nycomed Austria
Sankt-Peter-Str. 25
A-4021 LINZ

An area of 2x4,5cm? of each carrier was coated with TachoComb S coating suspension.

15 The amount of coating suspension corresponded to TachoComb specification (5,5mg

fibrinogen/cm?). The samples were dried.



i mredi at e haenostatic efficacy, adherence to the |lesion and resistance to

i ncreased intrasplenic pressure despite marked increase of pancreatic
enzyme | ewa ®/05809100 fold 20 increase of anylase and |i paser/ipo2bieod and
10-100 fold increase of pancreatic enzynes in peritoneal fluid as conpared
to basal levels). Histopathologic findings indicated no significant
difference in the degradation of Tacho S and TachoConb H No specific
cellular pattern was observed on the spleen. Even on pancreatic sanples
foll owi ng cl ose contact of TachoConb H and S with high concentrations of
pancreatic qfiggerg afdtdarikand S and

hi st opat hol %?/Ay ﬁtg?%%\%ea anrs%ngjdg?e%—l fferences. Thus, no specific

-macr oscopi cal or mcroscopical difference between TachoConb S and TachoConb
H appeared isn sl cute pancreatitis in pigs. 30
EXAMPLE 7 Cgrrgggg??évy'&géfg?%t Fzgég{elgeactlfgﬁl%ﬁd Ef fecti veness of Resorbable
‘TachoConb5H and TachoConb S: Experinental Study in a Rabbit Mdel Under

Nor mal Coag During Local Hyperfibrinolysis WO U2/ 0587-49 39
PCT/IBOZ/OllA}@}:};b &ﬁpﬂo’;ﬁf this study was to conpare the efficacy of
TachoComb S and TachoConb H fol |l owi ng neurosurgical application. Brain

| esi ons vver% nyfl?%d in rabbits under normal coagul ation conditions (brain
tissue react 8 n=12 rabbits, eligible n=10) and under

hyperfibri nd’lrgatyrtlcalbaimpe (roassyrementyyretision k0:5mdPA appl i cation (n=10

rabbits)., TR de per hem sphere (total of 6

| esi ons plé)r \éﬁ%ﬂgfr?a%éﬁ btﬁrﬁhaggﬁdgﬁg& fég'cfoégf%f 3mmin depth and 4mmin

di anet er). TFulerBiR nilineie graduation of t hree | esi ons per hem sphere were

e spher ¢ W9 PR Baie) LRI LG Pt @B HSPRY TCC, one wiih

TachoComb H or S bleeding time was measured under high magnification with

cont i nuous Iépwcé‘d ?W irrigation with saline. After haenpstasis was achi eved
inall |esiddg % Serial hypertensi on was induced by i.v. adrenaline

i nj ecti on 5 GixBdmprgpdted amaeanalcurm)t)ofthematedmaﬁém’im@grﬂamlmlt erial pressure

(MAP) to at east i i

r ebl eedi ng C(;Wt? LPi%QS dr?fjém%??”r?ﬁ‘}? 'ﬁlﬁ&k@a’%{%ﬁ%grﬁ&f R ?ﬁ%lésétna%}glﬂ%o(/ﬁroﬁx

skin was cl csk\akler(ffeqmrtcy.atmutdﬂwpmbrgn&md 7 days (n= 5 rabbits each). In

t hree aninal [ r 2

day 3. At meRFoRSs s rse SR A" dyfth B iaRhg et 0B AR
and sanpl es reweighedit opat hol ogy were taken. 20 The HF series After setting

t he Ie5|8ﬂ§ as described in the BTR series r-tPA was dropped onto the

| esi on ( ng r-tPA in 0.5m saline per lesion) before all |esions were
seal ed al t erQaltulat®iny wi th TachoConb S or TachoConb H. Bl eeding tinme was
measur ed under high nmagnification 25 and continuos lowirrigation with
saline. Necropsy with gross observatlon took pl ace on day 1 (n=7) and day 3
(n=3). Hi st odabsion oyg/cmds= (yegif D-tarec@tens taken on day 3 for
conparative reasons. During the cours ﬁg the entire study no differences
bet ween TachoConb S and 30 TachoConb F?mere evident, neither with regard to
sealing etdicacy, tolerating increased MAP and duratlon of bleeding tine,
nor with reg rd o hi stopathology. Severe henorrhage was evident in al

ani mal s of t series not only at the lesion site but under the skin of
t he whol e face EEspite t hese severe conditions again TachoConb S exerted

simlar eff .Cffagr?l‘ér sefpared-to Tac'b‘Sth’s’tw‘Qnéél 35O ﬁgflagioﬁ?n%lc‘ﬁh@) EXAMPLE 8
Opraskin® lyoph. Collagen 2,1
Willospon® forte (3mm) lyoph. Coliagen 1,2
Willospon® Spezial (1mm) Gelatine 2,1
Ethisorb® Patch (ZVP609) Polyglactin/dioxanon | 14,3
Tabotamp® NU Knit oxidized cellulose 9,2
Collagen sponge Nycomed | collagen, foamed 0,15




PCT/ 1 BO2/U 1 B3 Neurosurgical application of TachoConb H and TachoConb S:
Brain tissue reaction and henostatic effectiveness 5 Fluid fibrin sealants
are used wo ®/ossmge scal e for haenpstasi s in neurosurgery.pcii@iorxi Sts no
conpr ehensi ve published data on the brain tissue reaction to TachoConb~'
and the use of antifibrinolytic agents %é’.e. aprotinin) is still
controversial. 10 CObjectives The study desi gn was focused on two nmj or

i ssues: The assessnent of the short termlocal brain tissue reaction after
application of TachoConmb H (TCH) and TachoConb S (TCS) on cortical |esions
as conpar edbLp M ank control lesions (CL), using histological nethods and
nodern i magi ng techni ques. 15 The second objective was to study the
.henpst at i c Al tarigsexseptidyior@sasliapemepongg@sel netflexiblrialtereeptng.- coagul ati on

(BTR Group) raldadibledfas! (834l duf duf‘gé’rﬁﬁﬂuﬁ f IR oLPbY 18hY o il difsci3soina

and to evaluate aprotinin has any influence on the henoStatic qualities
.and adher Bnlot of theceoating materjal sihflake offbeczusethelayar inztsg!f g rigid dEIhisord seatrle s

of 22 young_gabbjfts, COFLL] i ei. =Yg
Tuel ve ani naf oLy Bost By EFuiRib Fib 4 Shalip MEE a1, RbeR AL R, B
10 t o the hypthefcobtingymeEelsof liker)cagpeitip. 25 In the BTR aninmals two of the

| esions were filled wth TachoConb H and TachoConb S, respectively, while
the third was left enpty as a control. The bleeding tine was neasured, and
t he occur r eMhe differeneb|beddieergNgcmemédcolladen sporaget and thie digrazariarsnaterials shows
rmnitoreq Thgexani Wal s were killed on Days 3 and 7 after surgery and

hi st ol ogi 8aﬂu' fi'ati on was 30 performed. In three BTR ani mal s magnetic
resonance i maging for brain edena eval uati on was pertorned on Day 3, just

before euthanasia. ..n the HF ani s, .in which a severe | ocal

hyper fi bri ng-r{]&&‘?ﬁ?’g' @{%Wg'%ﬁi’fdapﬁoe&wﬁgl’%f i nduced with . a reconbinant

ti ssue-pl asm nogen activator (rt-PA}, all three | esions of one 35

hem sphere treated with TachoConb H and the other hem sphere with

re
TachoConb steﬁﬁ"f/(lsss?-lg 41 PCT/1B02/01 ~~3 S. Bleeding time was
measur ed 1and. Coatingrof diffierentebgiekd st ol ogi ¢ exam nation was perforned on Day

3. Results Under romal, coaqul at.ion (BTR aniimal s haepostasis with TCH
2nd TGS was ABAA PTG Ry o Bagbea ROUEt s PR S GO e SRR SEPE Sl
It was denomhé rambcmt tdf adoatine rse@spensioh dorféspoadedt td tacheCorhb espetifieationg(53megs
of both progucts &PZQ' ﬁ.ﬁ4), b#}tSs t hat, these tines are consistently shorter
than t hose BPTMORENGMhINESEMBIRS WEeE 881 ). 10 During i nduced arterial
hypert ensi on rebl eeding occurred in 1 of 24 TCH |l esion, 3 of 24 TCS, and 19
of 24 co

ntrgl .1 esions. The presence of the hepostatic agent consistent |
ot event oddr QL SBRPRGT ARPHGTEE BRS PyPHery ol Sapfeel el Phe SFREABHER arta
squar e=16. 3pf the@rPsemple was determinddne absence of TCH or TCS during arteri al
pressure increase) showed an 80% ri sk of rebl eeding occurrence. 15
3. The sample was moistened and put on an elastic Latex sheet fixed to a special
equipment as described in detail under the heading "procedure”. Then pressure was put
25 on the Latex sheet which expanded. After 2 times of expansion and relaxation the sheet is
expanded for a third time. The area of the carrier was measured at the highest expansion

point.

Method description
30
Apparatus/Chemicals
Peristaltic pump (IKA PA-SF)
Pressure buffering bottle (3 outlets)
VDO manometer (0-250mbar)
35 Glass funnel (@ opening1: 30mm, opening 2: 15mm)



The statistical analysis of the bleeding tines in the hy~oerfibrinolysis
giroup (HF animals) denonstrated no difference between the bl eeding tines
for both woouwssay {si gned-rank test: p=0.927 and T test: pdybde)sss 20
Finally, within a safety interval of 99.73% (D<3sdD=ns) a significant

di fference between the henostatic efficacy of the sanme product under both
coagul ation situations was rul ed out. ncl usi on 25 TachoConb H and
TachoConb S did not induce any specific histol ogical changes in the pbrain
ti ssue. Bot ﬁ"'ﬁ@%&@l@shﬁiﬁbc'a"@éogaﬁﬂaﬁ'weﬁa@@ e B@B??ga'ﬁ%i“\”fht tiligetre
they did noprjqndiresBBéGst i ssue reaction than the lesion alone. No adverse
effects associated to the conbi nation products were norphol ogically

-evi dent . Hi Ehytielagiedlisaliv@ini nation did not reveal differences between both
products neither under normal, nor under severely 30 disturbed coagul ati on.
TachoConb H and S have the sane henostatic effectiveness and adhesive
'strengt h Bn&&aceddieh nor nmal coagul ati on and hyperfibrinolysis. There is
strong evid b H Hndi t h [ idré €S
and adner en e 7ol B e e e R T e ke
to the I|it ebuffering bottlectia siipeneHubings:s est abl i sh nuch faster haenpstasis 35
than oxidis nd col | agen fl eece. WO (12/0587-~9 42 CLAI M5 1.
A solid con%ggé}ﬁk%ﬁr# @(ﬁ)ﬁg‘?sti ng essentially of PCT/IB02/11LIS3 5 a) a
carrier whi bhmaagmeter| east one of the follow ng physical properties:

el asti ci I e of 5-100 NVcm density of 1-10 ngl cn8,
chanber |¥a @gérsefghﬂﬁ%cj}gn{nﬁg 0.75 mm and | ess than 4 mm and/ or havi ng

a
chanber 10 Aidowblessheatofrahyot Bxichvl iscutitoana Latexalaved iThis sheet: is fixedrirtiohidedhe
upon said c i da4fi brinogen, and c¢) solid thronmbin. 15 2. A
conpositi onaﬁé‘%%:g{"appr’né’ﬁ%hgﬂai m 1 wherein the carrier is a biodegradable

pol ymer sucAbagt &7t soaed areardre catoaud of ihel apatedragxieratsing a ecalpel.| actic aci d,
gl ucolic aci r Xy hu L.Ci.aQ C g tdqa rfqﬁélsaé;ﬁfjf :
such as a cgﬂ?a%é% égp%%ggeém@!eg'? aglbg%fr?gg(girlalrﬁs“ggﬁgeg )'cghgi_st Iﬁ?l% 0essentl a ylsof
col | agen 16y pwisteriddbwitls .salhte and Klacedr ore theabatek hagt. tThenl hisnpessiteteethe batex
carrier is shgeqlnlnﬁxglgﬁyfb?%%@t %@hCh conprises collagen type | material from
mammal i an, {ransgenicC’ or reconbinant sources. 4. A conposition according to
any of cl ai Wsing-tBe padstaltin punp tbalatexrshegtisexpardechipy puting g @i presssyelekabout
wherein fibg} b Si lii ] 0, . APtHL Bir@- 7
roi e, pr of CPSRF IS AEFEREY e An?ERUMaty the LoheXcB o, AFu tie
of 1.5-5.5 Ekpansion thecirea dlehgthaansliwidth)oof| the meptedscarriercis ipersuredat tecislgstig
to any szockgfnfrﬁf 1L %%&&r{sk& fibrinogen is human, purified 30 froma
natural Source, or ?ransgenl C or reconbinant human fibrinogen. 6. A
conposition according to any of clains 1-5 wherein the fibrinogen is

purified freomadaghural source.

,Elasticity" factor = area of the carrier at third expansion

25 starting area of sample

Results

Carrier Substance Elasticity factor
Opraskin® lyoph. collagen 1,78
Willospon® forte (3mm) lyoph. collagen 1,53
Willospon® Spezial (1mm) gelatine 1,79
Ethisorb® Patch (ZVP609) Polyglactin/dioxanon 1,0
Tabotamp® NU Knit oxidized celiulose 1,15
Collagen sponge Nycomed collagen, foamed 1,55




WO (12/0S87~9 43 PCT/1B02/01 ~S3 7. A conposition according to any of
clains 1-5 wherein the fibrinogen is transgenic or reconbinant. 8. A
conposi t i W BOEHHYI ng to any of clains 1-7 wherein the thrremasmeigshunan,
purified 5 froma natural source, or transgenic or reconbi nant human
thrombin. 9. A conposition according toggny of clains 1-8 wherein the
thrombin is purified froma natural source. 10 10. A conposition according
to any of clains 1-8 wherein the thronbin is transgenic or reconbinant. 11.
A material for haenostasis, tissue sealing and tissue gluing which contains
a flexible carrier which has at | east one of the follow ng physical

properti es:C%S elasticity nodule in the range of 5-100 NNcm density of
-1-10 ngl cnB, er dianmeter of nore than 0.75 mmand | ess than 4 nm

and/ or havi Tige alasticiiylus thel naistéresd QoizigagepbedeoNySomad 2achoCombiS)hs bre tdf ke

conprises_solid fjhbringgen and,solid th i.n 25 and.does not co i,se, a
STt by oo fiRoftent, A te s B8 i piodubt FREBol, & st it otk 590 Bbasinal
a2-ant i pl assorgeryt IMteS@Iljirﬁb iﬂdoﬁbnﬁi@gehoadcbqsebiedtot followbio Edieinb)@ %pa&ﬁiohoaﬁ&e
carrier in a mapner so that e abrasion.is less .t . c en a
ol o of "t RARHAT mevaeRe ot Ik AgH, A Bfeeiie Epeanll oS RiRGRd np astioty
frequence ot DN UetatAEP roMThé CbatthgTinEdiitel Codtéd WibspBA® Sfedaht Tpraskin®

material is inserted into an endoscopi c equi prent and thereafter renoved,
t he mat eri a$hawsdsyimistusalidetacts duringitb@itpsti and has a cast of coating materi al
| ess thaEOZO%as an indication of the flexibility of the carrier and the
solid adhesion of the solid 35 fibrinogen and solid thronbin WO 02/ 0S87~9
44 PCT/ 1 BOUs®of cagtedseartenineadosdoplssiurgersubst antial ly air tight and liquid
tight and having an elasticity factor of at least 1.25 as determned by a
test conprising fixation of the coated carrier to a Latex sheet, expansion
of the LateRraggdyeessure three times and at the third time neasuring the
area of the ol | f.he highest point of Latex sheet expansion
and corrpari1n'g t @Qg?@if%geﬁgg lgfrs'ea of the coated carrier with the starting
area of theAratgacaf 2xfern?” ofigach gegiepivag coatedivdth TashpGgmbiS ¢aating suspensiont he
fol |l ow ng i r [ £S, .Gl u i L 1 +100
Ncm 10 a eersl gﬁ@yngfof’%_Sitgigﬁg?scp%@?ﬁha&tﬂe%bﬂﬁdeﬁog TEcHdE I spadiiatish (B5hY
fibrinogen/cm?). The samples were dried.

2. The handling of the coated carrier samples for use in endoscopic surgery and the loss
of coating due to this handling are documented by a digital photo-equipment.

20
Method description

Apparatus
Endodock: Endoscopic tool designed for the use of TachoComb® in endoscopic surgery

25 (see Figure 7).Digital photo-equipment.

List of investigated carriers

Carrier Carrier material
Opraskin® lyoph. collagen
Willospon® forte (3mm) lyoph. collagen

Willospon® Spezial (1mm) gelatine
Ethisorb® Patch (ZVP609) Polyglactin/dioxanon

Tabotamp® NU Khnit oxidized cellulose

Collagen sponge Nycomed | collagen, foamed




chanber dianeter of nore than 0.75 mmand | ess than 4 mm and/or having a
chanber di aneter average below 3 mm and a sufficient anmount of fibrinogen
and a sufwigoizesg74enount of thronbin for the 15 prepar ati orecafiBaz/prassiuct for
tissue sealing. 13. Use of a carrier having at |east one of the foll ow ng
physi cal properties: an elasticity nodghe in the range of 5-100 NNcm 20 a
density of 1-10 ng/cnB, chanber dianeter of nore than 0.75 nmand | ess than
4 mm and/ or_ havj a chanber di aneter average below 3 mm and a sufficient
anount of fPB‘F‘?‘#%%en and a sufficient amount of thrombin for the 25

pr epar at i orPiglirevscpies tal@in dfeacthesriest asis. 14. Use of a carrier having at

| east one of thef | | ow ng.. physi cal praoperties: ne.Iasticty nodul e in the
range of 5-11b¢ft WpclﬁPc%erggM?q%,n%q g apd LRABS cﬁ'ﬁ'gﬁﬁﬂpp'lﬁﬁaneter of nore
than 0.75 rmredigret ¥h6 cobra s‘bn‘fﬁl@saék@ |ﬁ$ertwfhf®9thé eﬁaagéfwic dh@pmest (Eadedek®
bel ow 3 mm_.and a f|C|e t{lﬁ nt of ?ﬂ? %?(?gen and Ig%flu ent ap nt of
t hr onbi n f etsﬁ@ tﬁeaﬁ HF”Ha'b’rtB A E?rWEaPéts%m“ appﬁ'@g P!
0210SA7~9 %Eﬁblbﬁ@&/sé&éd taréfulpintd iR Q66 QitH éfglomna:nwaméteﬁl ains 12-14 for
sur gi cal |nt erventions_in the astr i nt esed}e'nal tem such as the

oesophagus,Pacpiea '°"er‘qu5%"?ﬂ' E?”'ﬁ inpeffeddnioipe pﬂ%oc"r%‘? um on

par enchyma)3. S{@@BesTheé ysﬂﬂplesS Fuéﬂé'd ,out I@hl%fhﬂly RASHaERSthe lhAPRYKas toWedinfolded.
adrenal gl ands, thyroid and nodes, @rdl oV scul ar su t hor aci c

surgery i ndngdioatng thay bas il Oéhﬁ rarrer SHe aﬂ?&"qrﬁa 838' thegrargr.

i ntervenly ame hiffolie§ sBatple BRGSIngSHon iHte ke éﬁ&ﬁrs)coakeewmﬁémcbnagméa&@bf the
surgery, gynaecol ogical, urological, vascular, bone (e.g. spongiosa

resect i on) coating dyioghi JV”QLHQQ%’?F“H@GWG%Q cal surgery, |ynphatic,

biliary, and cerebrospinal (CSF) fistulae, and air |eakages during thoracic
and pul nonal surgery. 10 16. Use according to any of clains 12-15 wherein

t he carri erfCqmamenty; odegr abl e pol yner such as a pol yhyal uronic acid,

pol yhydr oxyraaabGems- @(cda?&i le&unﬁ&'c@lla%n%nbé/l@%n%edﬁWérﬂi@é@%é‘@gfg(érﬁfé fhe @
cel lul ose, gel atine or collagen, such as a col Iaqfn spon a col | agen

sponge ddndvast idegaegingranPlgatipn of theoPoduen Tah9eomis B i E‘§eg§‘$ infor: ah ggdoscopic

according te@quﬂi%n@fTWé RibERF s é@u M@h?is'beh@%ll? 30L138m M diahderons b@r|n§€?fe%
active sides wherein fibrinogen is present in an anount of 2-10 nyl |

such as 4. 3tg the ipechashopenb 'aﬂﬁvereﬁs’o%nd then wWigpregdaroyntha gHidhEapPiR aad then
present in u?sl%rl%HQ:‘éFgfuIRf info tﬁegubré 'T‘HEFé’fbre tRE @bRmadabY oftHe dddtif “‘th%Q:alﬁer drivie

according to any of clains - wherein the fibrinogen is purified
from a nat Witin issifrhas to be strpamgtethﬁcprqﬁuq B@%mtﬂhﬂw 8 ®RAUH lﬂrqrhsg'amﬂonlt@

Use accozodlaa%ér@ aR8 Yolfdd Lgi HUieh BréudiSt thiﬁé 8itd1of 1he sfukéyry 'TQGI%CdnSb BUiE 'cBI'é?lﬂly
froma natural source. Use accord |n to any cl ai nB - wher éi n

the fibrindyded put ert%w@nﬂ&erbff ha%@d}pﬂpwﬁppec;ggnd %@%@dﬁ? (!NOHQd FB”%H?y This

clai ms 12- 2peWh&dufited sohf AdpistmBhta. Tﬁer@f&?@ﬂdh&l’dd Bﬂ tﬂé' IdyePtB thedQriddisHb@l be
source) or transgenic or_reconbi nant hurman thronb
strong enough to withstand this handling.

25 Results
The results are seen from the enclosed Figures 1-6. An estimate of the cast of coating

material is as follows:

Opraskin® 30-40%
30 Willospon® forte 60-70%
Willospon® Spezial 50%
Tacotamp® NU knit 60-70%
Ethisorb® Patch 95%

Collagen sponge Nycomed <5%
35




22. Use according to any of clains 12-21 wherein the thronmbin is purified
froma natural source. WO 02/0S87.19 46 PCT/1B02/01: 453 23. A conposition
accor di ngWod2@me74df cl ains 12-21 wherein the thronmbin is teransgeniyss or
reconbi nant .
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Strength of adhesion of TachoComb S containing different amounts of fibrinogen.

Composition of the layer Strength of adhesion (mean + SD)
Fibrinogen, | Thrombin, Tensile strength Strength of adhesion against
mg/cm? IU/cm? on rat liver, N/lcm? | elevated tissue pressure in
rat kidney, mbar
n=5 n=5
0 0 0.20 £ 0.02 47 £ 9
0 2.40 0.20+£0.03 63+ 16
1.30 1.73 0.30 £ 0.06 81+12
2.92 1.85 0.39+0.05 101 + 13
5.10 1.87 0.39£0.03 110+ 13
7.22 1.82 0.38£0.02 97+ 13
10.02 1.75 0.40 £ 0.07 87+ 10
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TABLE 2

Strength of adhesion of TachoComb S containing different amounts of thrombin.

Composition of the layer Strength of adhesion (mean + SD)
Fibrinogen, | Thrombin, Tensile strength Strength of adhesion against
mg/cm? IU/cm? on rat liver, N/lcm? | elevated tissue pressure in
rat kidney, mbar
n=5 n=5
0 0 0.20 £ 0.02 47+ 9
6.15 0 0.27 £ 0.01 57 +10
4.72 0.92 0.39 1 0.02 84+9
5.10 1.87 0.39+0.03 110+ 13
278 495 0352002 979
4.70 9.63 0.30£0.02 109 £ 13
475 19.83 0.27 £ 0.03 91+20

The obtained results revealed considerable differences between several variations. The

optimal range for human thrombin was 0.9 to 10 L.U./cm? with a constant human

fibrinogen content of about 5 mg/cm?. The optimal range for human fibrinogen was 2.9 to
10 7.2 mg/cm? with a constant human thrombin content of about 2 I.U./cm?

These in vivo tests confirmed that both the concentration of fibrinogen (4.3 - 6.7 mg/cm?)

and the concentration of thrombin (1.5 - 2.5 1U/cm?), which are used in other TachoComb

formulations (TachoComb® and TachoComb H) also result in maximal adhesive strength
15 for TachoComb S.

EXAMPLE 4

Efficacy of TachoComb S in Sealing Spleen and Liver Lesions in Dogs

20
The aim of this investigation was to compare the haemostatic efficacy of TachoComb H
(containing aprotinin) with TachoComb S (without aprotinin) in a canine model of spleen
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and liver lesions. Incision and puncture (0.5 cm depth) of the spleen were chosen to
mimic oozing haemorrhage. Resection of the tip of the cranial liver lobe was performed to
mimic a strongly bleeding surface wound (2 to 3 cm?). A TachoComb H or TachoComb S
patch was applied as the only means of haemostasis to the wounds (same batch used for

5 spleen and liver lesion in the same dog). Necropsy was done 48 hours after surgery as
this is the period with the highest risk of re-bleeding in clinical practice.

Complete haemostasis was achieved with both products. No case of secondary
haemorrhage was observed at 48-hours necropsy neither at gross observation nor at
10 histological examination.

Also histologically there were no differences between dogs applied TachoComb H or

TachoComb S when evaluating splenic and hepatic lesions covered with the respective

patches with regard to haemostasis and healing of the wound. No case of secondary
15 hemorrhage was observed after surgery.

The data of the blood count revealed similar results for both treatment groups with a mild
rise in white blood count 48 h post surgery. There were no differences between groups or
between time concerning any of the other parameters evaluated. Also the coagulation

20 tests revealed no differences related to the presence or absence of aprotinin. An elevation
of blood fibrinogen content was evident in both treatment groups at 48 hours post surgery.
The elevation of white blood count and blood fibrinogen content can be attributed to an
inflammatory response to the surgical trauma and are not considered as toxic side effect
of TachoComb H or S

25
It is concluded that TachoComb S (without aprotinin) exerts the same efficacy as
TachoComb H (containing aprofinin) in treatment of oozing and strongly bleeding
parenchymal wounds in dogs. The stability of the clot under the chosen conditions was
not influenced by the presence or absence of aprotinin.

30
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TachoComb S and TachoComb H: Experimental Study in the P!g

Purpose for the study
The test was designed to assess the immediate efficacy and short term resistance of a
haemostatic fleece on a spleen lesion induced in the pig.

10 Material and methods _
24 female pigs were used in the study. 2 groups of haemostatic fleeces were randomly
tested: TachoComb H with aprotinin and TachoComb S without aprotinin.

On the day of surgery the animal received a fleece directly obturating a standardised 2 x 3
15 cm lesion surgically created on the ventral part of the spleen.

The immediate and haemostatic effect of the fleece was estimated, by counting the
number of blisters and measuring the time necessary to stop haemorrhage. The
adherence of TachoComb H and S was noted.

20
After 72 hours, the short term behaviour and resistance of both materials was investigated
by increasing the intrasplenic pressure (clamping of the venous vessels).

When the pressure reached an almost steady state, an adrenalin IV bolus (0.02 mg or
25 0.04 mg) was administered to increase arterial pressure, associated or not according to a
Dobutamine chlorhydrate infusion.

By means of these pharmacological substances, the rupture of bleeding pressure of the
TachoComb H and S repaired lesion was quoted for each animal.

30
Results
No difference was detected between treatments at the time of spleen lesion surgery on
the haemostatic effect.
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(3 haemostatlc fleece on a spleen lesion induced in the pig in @ model of acute pancreatitis.

Materials and methods
20 female pigs were used in the study. 2 groups of haemostatic fleeces were randomly
tested: TachoComb H with aprotinin and TachoComb S without aprotinin.

20
On the day of surgery the animals received a fleece directly obturating a standardised 2 x
3 cm lesion surgically created on the ventral part of the spleen.

The immediate haemostatic effect of the fleece was evaluated, by counting the number of
25 blisters and measuring the time necessary to stop haemorrhage. The adherence of
TachoComb H and S was noted.

Then, using a sterile syringe, the gallblader was punctured, the bile was collected and 10
mi of bile were injected through the Wirsung’s duct, to induce pancreatitis. Blood enzyme
30 levels were monitored before and daily after surgery (lipase and amylase levels).

Small pieces of TachoComb H and S were deposited on the pancreas parenchyma on its
gut connection.



& ()-g 910%#& ()-{Y8A410@ @s$ 10%#& ()--!LI10% & ()-z
L! 100d#& ()-z! &&10%&' ()- 0&&10% 1#\ & ()- 0&&10%f\& ()-{a{|[: A410@@ 3
10%4#& () wolnhega#s ()- @ . 10%#& ()- ~" " "10%" k& ()- "' " F&Mhbbi/G46) -

~ ' 109KK& ()-{,/012@NvU410 - 10%' g& ()- 10%g' g& ()-

10%g' g& ()- 101#101#101# ; 1094#& ()- 6"10%#& ()-gN 7K|[:vU410 10%g' g& ()-
"10%gg& ()-f \ "10% & ()-f | "10% & ()- 10%g' g& ()-S

F'*10% g& ()-8l 6] [: VUALO tnB100K& (). a :10%& ()-1 f: 1098 ().

f
kv: 109& () - After 7Rogours, - thesstmry teyen Pebaxjew)) prd Jegigfafcesda Rgy e égegradation of

| 1) 10UCCE' (5 Oﬁ-\[@@é S\ : ﬂﬁo@' ' . > 04 1 0% 0 & .
*$10%° g&’ (??%fbc’gz?%%gg ‘ ""%6%%’8%% ?/) i '&9%5)39?‘&&'(“)"? Qp@n'g%é%%%egfcﬁmpmg
.10%g' g& () - of the ygne& epsale gnd POgrMeAqofogicAl 1§aps)S10%g' g& () - ohs$10%&' () -

, MLO%g' g& ()- ,910% g& ()- ¢ ~ 10% & ()- ,s 10%y g& ()-u#@)|[: A410g' g
>1.)10% & ()-y El .)10%%%&'&)-y 1 9$10%)' g& ()- "9%10%' g& () -

s1 (1)30@' g&?gwmln 1hegpresgus reagha @mlaiwsmeegsc statep o lNRzaqr)enqlo*gb@jq@@/ﬁ%G@@ g
; Og' g ! ' ! - . 0, .9 . . ! !
fvans10% & {73 m@%@’j%w"ég'ﬁ%drélﬁ%%&é'%f& p)l’do%WEE,%}itﬂﬁ Gfhin B AHNEEred 1o
F" 1094/ Mg ihgrelase [ariedallpessyre 0sadoniatgd or Ratgiea Dubutamine chionydsate/ge(fysion of
" LM 109" V&g ) g, OB ()-T 1098 M& ()-'hQ [:vU410 S7" 109 M& () -
~L310% & ()-§ il “()-g S& 1098 "M ()- S9- 109 M&' () -

*G' 109 V&' () - OvU410 L#10%"c& ()-g F's10%": & ()- 10%": & ()-

$10% " & () 1 OM. MLOM: M 1O MR () - : YA

& 1006 - 1) By TG BGH irdrralebbR S hsipioes, fe fliturg G blbedin pressure of the
L#109% ": & ( TacHdEbimb Hwaod Brep@mdd Eskn'wa rfoted fapeachvanimal.() - $MB10% ": & () -
@10%": & ()- @10%": & ()- @O0%":& ()-Dn[:-410:": 9L$10% ": & ()-g
SF8"10% ": & ()- S6YL0% ": & ()- ~3MBL0% & ()-y @D"10% ": & ()-f

S, 410% ": & RpsultsA410: ": &' 1098 M& ()- 3"L1098 M& ()- " 109 M& () -

109 M&' () - A1V MR () 10 - 105 . . .
5" 1000r W& ( PPsPEosRERR: PR et FRER\S ST ok, irymeciats fasppsigtic eficacy,
1090V V&' (L5 - adhet@icE0 Wi lgs)on aBd Sorplimdestq thespacygnyvea.(Thar efiopcvmag)verys"
8" 109" M&' ( -/rO's\} 4' n6" 8" 109M' M&' () - 8" 109" M&' () - 8" 109V M&' () -' nB" 8" 109" M&
"()-8"10%w E%-%ﬁZHI [ knN. 48" 109" M&' () - 8" 109" M&' () - 8" 109" M&' () -' nB6" 8" 10
%\/I I\/& ()'-'8" O10%M I\/& ()'-'8" O10%M I\/& ().'l P048 102/M' N&I.().'BH 10%M I\/& ()-'"nm6" 8" 10%M
O(I)\/ﬁ' ﬁ/?&.' ?) 1g%’Xﬁﬁ%s?)\n;e?%ﬁ%&y%Ws%gpléomnk\{ﬁétf&n éTBdgy 1@%%!’( )th§ 1
enzymatic conditions were severe, especially on day 2 in the blood, and still on day 4 in

20 the peritoneal fluid.

At the 72™ hour, no significant difference of the resistance of both materials could be

evidenced after increase of spleen pressure.

25 One rupture of the material occurred in the TachoComb S group. Bleeding of the lesion
was observed in 1 animal with TachoComb S and 2 animals with TachoComb H (with one

blister in the TachoComb H group).

Histopathologic findings indicated no significant difference in the degradation of
30 TachoComb S compared to TachoComb H. No specific cellular pattern was observed on

the spleen. Even on pancreatic samples, the pieces of TachoComb H and S in close

contact with high concentration of pancreatic enzymes did not show any major change.
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7" 1 $10%1% (Slarldardiddd ¥piden lesion model (surface lesion 2cm x 3cm, ca 3mm depth; n=10/group)
in pigs with acute pancreatitis induced by retrograde injection of bile in the Wirsung’s duct
and subsequent ligation of the pancreatic duct. Small pieces of TachoComb H and S were
also applied on the pancreas at the site of pancreatic duct ligation. At 72 hours after
surgery intrasplenic pressure was increased by ligating the splenic vein and i.v.

15 adrenaline injection.

On the spleen TachoComb S and TachoComb H behaved similarly with regard to
immediate haemostatic efficacy, adherence to the lesion and resistance to increased
intrasplenic pressure despite marked increase of pancreatic enzyme levels (20-100 fold

20 increase of amylase and lipase in blood and 10-100 fold increase of pancreatic enzymes
in peritoneal fluid as compared to basal leveis). Histopathologic findings indicated no
significant difference in the degradation of TachoComb S and TachoComb H. No specific
cellular pattern was observed on the spleen. Even on pancreatic samples following close
contact of TachoComb H and S with high concentrations of pancreatic enzymes, the

25 adherence of TachoComb H and S and histopathology did not reveal any major
differences.

Thus, no specific macroscopical or microscopical difference between TachoComb S and
TachoComb H appeared in this highly stressful model of acute pancreatitis in pigs.

30
EXAMPLE 7

Comparative Brain Tissue Reaction and Effectiveness of Resorbable TachoComb H and
TachoComb S: Experimental Study in a Rabbit Model Under Normal Coagulation and
35 During Local Hyperfibrinolysis
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P10%:& () - @ :-P 190 (IZ gr) O%ml saline per lesion) before all lesions were sealed alternatively with
TachoComb S or TachoComb H. Bleeding time was measured under high magnification
25 and continuos low irrigation with saline. Necropsy with gross observation took place on
day 1 (n=7) and day 3 (n=3). Histopathology was performed on the specimens taken on

day 3 for comparative reasons.

During the course of the entire study no differences between TachoComb S and
30 TachoComb H were evident, neither with regard to sealing efficacy, tolerating increased
MAP and duration of bleeding time, nor with regard to histopathology. Severe hemorrhage
was evident in all animals of the HF series not only at the lesion site but under the skin of

the whole face. Despite these severe conditions again TachoComb S exerted similar
efficacy compared to TachoComb H.
35
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Neurosurgical application of TachoComb H and TachoComb S: Brain tissue reaction and

hemostatic effectiveness

Fluid fibrin sealants are used on a large scale for haemostasis in neurosurgery. There
exists no comprehensive published data on the brain tissue reaction to TachoComb® and

the use of antifibrinolytic agents (i.e. aprotinin) is still controversial.

10 Objectives
The study design was focused on two major issues: The assessment of the short term
local brain tissue reaction after application of TachoComb H (TCH) and TachoComb S
(TCS) on cortical lesions as compared to blank control lesions (CL), using histological
methods and modern imaging techniques.

15
The second objective was to study the hemostatic efficacy of TachoComb H and S
products under normal coagulation (BTR Group) and after locally induced severe
hyperfibrinolysis (HF Group), and to evaluate if aprotinin has any influence on the
hemostatic qualities and adherence force of the preparation.

20
Material and Method
In a series of 22 young rabbits, three cortical lesions were made on each hemisphere.
Twelve animals were assigned to the brain tissue reaction (BTR) group and 10 to the
hyperfibrinolysis (HF) group.

25
in the BTR animals two of the lesions were filled with TachoComb H and TachoComb S,
respectively, while the third was left empty as a control. The bleeding time was measured,
and the occurrence of rebleeding due to induced arterial hypertension was monitored. The
animals were killed on Days 3 and 7 after surgery and histological examination was

30 performed. In three BTR animals magnetic resonance imaging for brain edema evaluation
was performed on Day 3, just before euthanasia.

In the HF animals, in which a severe local hyperfibrinolytic status was previously induced
with. a recombinant tissue-plasminogen activator (rt-PA), all three lesions of one
35 hemisphere were freated with TachoComb H and the other hemisphere with TachoComb
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Results
Under normal coaqulation (BTR animals), haemostasis with TCH and TCS was

significantly faster (p<0.001) than with no hemostatic agent. |t was demonstrated that
there is no difference between the bleeding times of both products (p=0.294), but that
these times are consistently shorter than those of the blank lesions (p<0.001).

During induced arterial hypertension rebleeding occurred in 1 of 24 TCH lesion, 3 of 24
TCS, and 19 of 24 control lesions. The presence of the hemostatic agent consistently
prevented rebleeding during severely increased arterial pressure (Chi square=16.3;
p>0.001). In turn, the absence of TCH or TCS during arterial pressure increase, showed
an 80% risk of rebleeding occurrence.

The statistical analysis of the bleeding times in the hyperfibrinolysis group (HF animals)

demonstrated no difference between the bleeding times for both products (signed-rank
test: p=0.927 and T test: p=0.4102).

Finally, within a safety interval of 99.73% (D<3sdD=ns) a significant difference between
the hemostatic efficacy of the same product under both coagulation situations was ruled
out.

Conclusion

TachoComb H and TachoComb S did not induce any specific histological changes in the
brain tissue. Both products have a good brain parenchyma biocompatibility, as they did
not induce more tissue reaction than the lesion alone. No adverse effects associated fo
the combination products were morphologically evident. Histological examination did not
reveal differences between both products neither under normal, nor under severely
disturbed coagulation. TachoComb H and S have the same hemostatic effectiveness and
adhesive strength under both normal coagulation and hyperfibrinolysis. There is strong
evidence that aprotinin has no influence on the hemostatic qualities and adherence force,
even under severely disturbed coagulation.

As compared to the literature, TachoComb H and S establish much faster haemostasis
than oxidised cellulose and collagen fleece.
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3. A carrier according to claim 2 wherein the carrier is a collagen sponge which comprises

collagen type | material from mammalian, transgenic or recombinant sources.

4. A composition according to any of claims 1-3 wherein the carrier has one or more

25 active sides wherein fibrinogen is present in an amount of 2-10 mg//cm?, such as 4.3-6.7
mg/cm?, preferably about 5.5 mg/cm?, and thrombin is present in an amount of 1.5-5.5
IU/cm?, preferably about 2.0 1U/cm?.

5. A composition according to any of claims 1-4 wherein the fibrinogen is human, purified
30 from a natural source, or transgenic or recombinant human fibrinogen.

6. A composition according to any of claims 1-5 wherein the fibrinogen is purified from a
natural source.
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8. A composition according to any of claims 1-7 wherein the thrombin is human, purified
from a natural source, or transgenic or recombinant human thrombin.

9. A composition according to any of claims 1-8 wherein the thrombin is purified from a
natural source.

10. A composition according to any of claims 1-8 wherein the thrombin is transgenic or
recombinant.

11. A material for haesmostasis, tissue sealing and tissue gluing which contains a fiexible
carrier which has at least one of the following physical properties:

elasticity module in the range of 5-100 N/cm,

density of 1-10 mg/cm?®,

chamber diameter of more than 0.75 mm and less than 4 mm and/or having a chamber
diameter average below 3 mm

and which further comprises

solid fibrinogen
and solid thrombin
and does not comprise any antifibronolytic agent such as aprotinin, e-aminocaproic acid or

o2-antiplasmin,

the solid fibrinogen and solid thrombin being fixed to the carrier in a manner so that the
abrasion is less than 1.0 mg/cm? when a sample of the coated material is shaken on a
Vibrofix shaker at a frequence of about 1000 rpm for 2 minutes and

if the coated carrier material is inserted into an endoscopic equipment and thereafter
removed, the material is substantially unchanged and has a cast of coating material less
than 20% as an indication of the flexibility of the carrier and the solid adhesion of the solid
fibrinogen and solid thrombin
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a density o mg/cm?®
chamber diameter of more than 0.75 mm and less than 4 mm and/or having a chamber

diameter average below 3 mm

and a sufficient amount of fibrinogen and a sufficient amount of thrombin for the
15 preparation of a product for tissue sealing.

13. Use of a carrier having at least one of the following physical properties:

an elasticity module in the range of 5-100 N/cm,

20 a density of 1-10 mg/cm®,
chamber diameter of more than 0.75 mm and less than 4 mm and/or having a chamber
diameter average below 3 mm

and a sufficient amount of fibrinogen and a sufficient amount of thrombin for the
25 preparation of a product for haemostasis.

14. Use of a carrier having at least one of the following physical properties:

an elasticity module in the range of 5-100 N/cm,

30 adensity of 1-10 mg/fcm®,
chamber diameter of more than 0.75 mm and less than 4 mm and/or having a chamber
diameter average below 3 mm

and a sufficient amount of fibrinogen and a sufficient amount of thrombin for the
35 preparation of a product for tissue sealing.
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X xxxxyFyeypgmozlm{npalms{ stichaas liyer,/sgigen/ pancrgascaiign %i;ggsoapﬂrgwal glands,
<t B () ﬁw rdid Gnd ﬁﬂﬁprﬁﬁdes, cardiovascular surgery, thoracic surgery i;cluding surgery on
5 the trachea, bronchi and lungs, surgical interventions in the ear, nose and throat (ENT)
area including dental surgery, gynaecological, urological, vascular, bone (e.g. spongiosa
resection), and emergency surgery, neurological surgery, lymphatic, biliary, and

cerebrospinal (CSF) fistulae, and air leakages during thoracic and pulmonal surgery.

10 16. Use according to any of claims 12-15 wherein the carrier is a biodegrable polymer
such as a polyhyaluronic acid, polyhydroxy acid, e.g. lactic acid, glucolic acid,
hydroxybutanoic acid, a cellulose, gelatine or collagen, such as a collagen sponge, e.g. a
collagen sponge consisting essentially of collagen type | fibres.

15 17. Use according to any of claims 12-16 wherein the carrier and has one or more active
sides wherein fibrinogen is present in an amount of 2-10 mg//cm?, such as 4.3-6.7
mg/cm?, preferably about 5.5 mg/cm?, and thrombin is present in an amount of 1.5-2.5
IU/cm?, preferably 2.0 IU/em*

20 18. Use according to any of claims 12-17 wherein the fibrinogen is human, purified from a
natural source, or transgenic or recombinant human fibrinogen.

19. Use according to any of claims 12-18 wherein the fibrinogen is purified from a natural
source.

25
20. Use according to any of claims 12-18 wherein the fibrinogen is transgenic or
recombinant.

21. Use according to any of claims 12-20 wherein the thrombin is human, purified from a
30 natural source, or transgenic or recombinant human thrombin.

22. Use according to any of claims 12-21 wherein the thrombin is purified from a natural
source.
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23. A composition according {o a]ny_of claims 19—21therrrgm %%r tﬁour}\/tnwn ¥sztur}sgenic or

recombinant.



