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CALCIUH-HOQIPIBD OX%PXBIP CBLLOLOSI BSH08TA% 

Baakqroun4 of \he Invent~on 

5 1. Piel4 o( the J:n•antion 

Thia invention relates to a process for preparing a 
bioresorbable hemostat by traating oxidized cellulose with 
calciwa or n combination of c~lcium and sodium or 

10 potassium. 

2. Description of the Related ~rt 

Oxidized cellulose fabrics are bioresorbable and absorbent 
15 fabrics that bave lonq been used in medical app11ca-cians. 

20 

Both naturally-occurring and regenerated calluloGe can be 

oxidized. For convenience and breviey. we reter to botn 

ac "oxidizod cellulose." -?hrcc c"Mamplcc of GUch o. fabric 

are tnterceed• (TC7) Absorbable Adhesion Barrier. 
Sur~ical• Absorbable Hamoctat and surgicel Nu-Rnit• 

Absorbable Hemostat (all available tram Johnson & Johnson 
Medical, Inc., hrlin9t.on, TX). However, all these 

materials are acidic. 'l'he pH ot the aqueous phase of 1 q 

of Interceed Barrier auspendecl in 100 ml of purified water 
2s ts approx1mat:ely 4. i. The surrace pH or a ru11y wAtar.­

aaturated piece of fabric is About 1.7. Materials 5uch as 
thrombin, t.issue plasminoqAn activator anAlnqnA (t-PAA), 
and other highly acid-sensitive materials are inactivated 
iDllllediately on such matrices. precluding theh· USE' for 

30 dolivcry of these materials to n surgical site. 

Alternatively, if such a material is to be delivered an an 
oxidized celluloco fabric, the fabric must. first be. 

neutralized. Thus, past efforts to modify oxictized 

·. 
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cellulose in order to improve its properties have 
qenerallY focused on neutraiizinq the matarial. 

Doub et al., !n u.s. Pat. No. 2,.517, 772, describe the 

5 impre9nation of neutralized oxid-ized celluluse products 
with throJllbin. They d.isclosa R method of neutralizing 

oxidized cellulose cloth with an 4queous sodium 

bicarbonate solution (Exampla 2) or an aqueous calciwa 
acetate Golution (Example 1). Example 2 of the Doub et 

10 al. patent discloses neutralizing oxidized cellulose 9auze 

wi'th an aqueous solution of strongly basic scd.ium 

bicarbonata and then impregnating thA neutralized product. 

vU:h 'thrombin. The thrombin impregnated gauze is then 

fro7.en and dried from the frozen state to provide a. 

15 hiqhly hemostatic surqical dressinq. The patent does not 

disclose any practical data pertaininq ta te:stinq in 

animals. 

20 

Dol''berq et al., .lAr1U z~ (Kiev) Ul"/1,26(2),53-56, studied 

th• hemostatic propertico of oxidized cellulose and 

combined the material with various pharmaceutical 

compounds. They report thnt the sodium And potassium 

salts of oxidized cellulose can be used in medicine ancl 

that the potassiu~ ~alt h~s advantaqes over the acid torm, 

2~ in that it is neutral and is com!)atible with many 

pharmaceutical ~ubstnnces. 

BarinkQ et al., in Dritish Patent Speci!ic~tlon 1,S9l,51J, 

published July 15, 1981, discloRA a process for oxidizing 

30 ese1lulocc with a mixture of nitric acid and stabilized 

("phleqmatized.11 ) sodium nitrate. 'l'he. material is then 

stabilized with an aqueous-alcoholic solution of urea or 

its N, N-disubs~ituted alkyl or aayl derivativas. 

:Fina11y, t.he oxidized ccllulo:se i.=1 converted to its 
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calciwa, sodium, or ammonium salt by repeatedly 
altematinq absorption-in and centr;fu1Jin9-off a s=olution 
of an equimolar mixture of chloride and acetate of 
calcium, sodium, or ammonium. 

saterst:e1n et al., in n.s. Pat. s, 134, 229, · disclose a 
process for preparing stora9e stable oxidized cellulose by 
contactinq an acidic oxidized cellu1ose material with a 
water And alcohol solution of a slightly basic salt Of a 

10 weak acid ta elavat.A the pH of the cellulose material to 
between s and a. Their salt uC ~ weak acid is preferably 
selected from among sodium acatatQ, potascium ticetate, 
sodium. citrate, sodium formate, potassium cit.rate, 
potassium fornaate, disodium hydrogen phoepha.te, 

15 dipotasaium hydroqen phosphate, or mixtures thereof. 

.20 

Repeating the processes of Doub ct al., they found that 
neutralizing oxidized cellulose cloth in aqueous solutions 
of sodium bicarbonate rccultc in a cloth that is partially 
qelled, distorted trom !ts original size, and very weak, 
with little inteqrity. The tensile strength of the cloth 
is too low tor practical use such as, for example, a 
hemostat. Completely neut~alizinq oxidized cellulose 
cloth with calcium acetata in RC::cordance with ~e . 
teachings of Example 1 of the o'oub et al. patent, they 

25 :found, provides a cloth that is of acceptable integrity 
but is irritatin9 to lUlmmalian skin and other body cells 
at the point ot contact. Furt.hP.r, larqe, whitish masS1aa 

presumed to be granuloma tissue forms at t.he application 
site ot the cloth. Apparently, ~uch tissue is attempting 

30 to cnoapGulate the calcium salt of the oxidized cellulose 
cloth. sarers~ein et al. do nat disclose a calcium salt 
as an option for neutralizing oxidized cellulose. 



. . . . . :-: . ~. . . . . . . . . . 

- 4 -

The role of calcium in hemostasis is well known; 1n fact:, 
the International Commit.t~• on Nomenclature of Blood 

Clottinq Factor:s has de:.ignateci:, calcium as one ot lJ 
blood-caa9ulation f~ctors (Factor IV). Calcium plays an 

5 important role in the conversion of protothrombin to 
t.hro111hin, one of the staqes of the blood coagulation 
process. Details ot the hemostasis process appear in 
atandard 111edt.o~l texts, such as Remington'• Phamaceutic;al 

sciences, ed. by A. a. Gennaro (Mack, Easton, PA, 1990). 
10 There are also examples cf thG practical applicGtion of 

calcium to enhance hemostasis. superstat• absorbable 
collagen hemostat cont.ainc calcium ions to enhance its 

hemostatic efficacy. on the other hand, to p~Avent blood 
from coagulatinCJ inadvertently, ·citric acicl ·is added to 

15 blood collec~ion ba9s to sequester the calclum in blood 

serum. 

De~pitc the rcco9nized valuo of neut~ali~ed uxidl~ed 

cellulose as a hemos~atic material and the important rola 
20 that oalciu• plays in hell\Ostasis, the goal of an 

absorbable calcium-modified hemostat had not baan rQalized 
before the present invention. 

2.5 

summary of tbe Invention 

In accordance with the present rnvention. a process tor 
r~Ap~rin~ a bioabsorbable surqical homostat compricco the 
steps of: 

(a) contacting an oxidizcad cellulose material tha.t 
30 contains a predetermineu concentr~t.1.on of carboxylic acid 

with a chlnride-free solution of a calcium calt of a weak 

acid to neutralize a~out 5.5% Lu about 45' ot the 
carhoxylic acid and 

(b) washing the material to remove excess tialt. 

t . · . . •:•. 
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In this specification and the appended claims, unless 

specified otherwise, l)ercenta;es ara understood to be 
weight percent. 

5 The hcmootat tha~ results from the process of this 
1nven~1on 1s an oxidized cellulose fabric that comprises 
botvccn o.s, and 4' calcium, preferably between about 2.ot 
and about J.si. ~'he tabric evidences 9reatAr hemosta~ic 
activity than doco either unmodified oxidized ~llulose or 

lU oxidized cellulose ~ha~ nas been nP.utralized.with sodium 
or potassium ~alts. Hemostat who~e calcium concentration 
is less than l.5t does not: irritate the skin and other 

body cells as does fabric containinq a higher 
concentration. 

15 

In another embodiment of this invention, a proocac for 
preparing ~ blo~bscrbable surgical hemostat comprises the 
11tcaps: of: 

Cal contactinq an oxidized cellulose material that 
20 contains a prodetarmined concentration of earboxylic acid 

with a chloride-free solu~ion ot a calcium salt ot a weak 
acid and a sodium or potaccium· calt of a veak acid to 
neutralize about 50' to about.soi ot the carboxYlic acid, 
the salt concentrations Dclcetod oo th;it the calcia 

25 neutral1zes about 5.5t to about 4~i ot the acid and ~e 

sodium or potacoiu• calt neut~lizes the balance, and 

30 

(b) washinq the material to remove excess salt. 

De~ailed Description Of tna XDYSDtioD 

The present invention provides an oxidized cellulose 
surgical hemostat that dem.onstratee 9rcatcr hem.ostatic 
activity than either acidic ·or neutralized oxidized 
collulosQ of tho prior art. By using substantially less 



calcium than was used with matar;~1 of tha prior art, tho 
prosont procesa yields material tbca\. 5hows tas'ter 
bioabsorption and. qreataT btocompatibility than oxidized 
aell~loac that ia neutralized with (qre~ter amounts Of) 

5 calcium. 

~he process by Which thA henoAtat of the present invention 
is prepared ia somewhat similar to the process descr1be4 
1n U.S. Patant 5rl34,229 ( 1 229), incorporated herein by 

10 reference. ~he differences include the amoun~ and 
composition of the basic salt that is used to •odify the 
composition oC Uie bemostatic material. In one 
elllbodimant, the material is treated with a calcium salt, 
rather than the ~udium and potassium sal~s disclosed in 

15 1 229. ln another embodiment,· the compoaition is modified 

by addition ot combined ca and Na- or K•salts. Tn bath 
cases, the aalta arc ehloride-free to avoid forming 
hydrochloric acid, wn1ch can cause oxidized cP.llulose to 
decompose into lov moleculur vei9ht polymer, with loss of 

20 tensile strenqth and shortened shelf Ii fe. Weak acid doas 

aubctantially no dama9e. 

Preferably, the calcium salt is calcium acetate, whicll i&i 
water and alcohol so1ubla, but other salts are suitable, 

25 as well, such as citrate, formate, butyr~te, and 
propionate. 

After the matari;tl is modified, it is vashed to ramova 
excess salt. Hater, alcohol, and other .urqanlc &olvents 

30 well Rnown in tha art, as wall as mixtures, are suitable 

for washinq. organic solvents are preferred because they 
facilitate subsequent dryinq of the mata~ial. Water is 
lcGG preferred, because the lllaterial has a tendency to 
Shrink as 1~ dries it it is not s~retched while dryinq. 
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'l'ypieally, earboxylic acid 9roups oompricc Gbout 18' to 

21' by weiqht ot t.be uxldized cellulose s'tat'tinCJ material 
and calcium attaches to and neutralizos t.he carboxylic 

•~id groups. The amount of calcium salt de~annines the 
de9r•• of nautralization, and an· amount that neutralizes 
about 5.5t to 45' ot the acid qroups is preferred. The 
calcium enhances the hemostatig properties ot the 
material. "It to0··au.cii· 'calcium 1s used, ·~awever; the 

• • I ,:..•·, .. ••:e :..:.:i °'o • I • o•v;,• 

fabric causes irritation. . lfha pretettecl caiciU. 
concentration is aJ:>ou~ 2.ot to about J.51.bY w~tgh~.' 

It. is sometimes desirabJ.e to have more-fully neutrali2ad 
material. For example, if aeid-sensitive moieties are to 
be added to the material, than higher pH is desirable. 

15 For fabric to be used with th~ombin, for example., pH 
should be in tba ranqe from about 5."0 to about s.o, 
preferably in the r~nge from about 6.5 - 7.o. The pH is 
maasurad as follows: A 1 g sample of material ic placed 

in a 150 ml beaker, to which is 1added ioo ml or rece.ntly 
~O !)Oiled and cooled purified water. The sample is stirred 

and allowed to stand !or 5 minutes, ~fter which the liquid 
is decanted into a clean dry beiil.ker and tho pH of the 

liquid is measured. Sodlum ur potassium salt is 
preferably used to provide hi9her neutralization, without 

25 yielding !abric that causes irritation. suitable salts 
include sodium acatato, sodium citrate, sodium fol:'lllatc, 
dit;Olliulll l1y'1ru9en phosphate, potassium acetate, potassium 
citrate. potassium formate, dipotassium hydrogen 
phospllate, and mixtures thereor. The preierred 

30 eoncentration of sodium or pota~sium in fabric that: is 
aore-fully neutralized ls .Ln the ri:lnge from about 2% to 
about 6t. 
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The preterre4 process tor preparinq neutralized oxidized 
cellulose of the preaent invention is tu !lrst contact an 
acidic oxidized ce11u1osa fabric with a calciua salt 
solution wboae amount and molarity is selected to provide 
5.5, tO 45, neutralization Of the carboxylic acid 9roupa. 

To prepAre more-fully neutralized Jaateri_al,, an amount and 

molarity or sodium and/or potassiua salt is UBcd which, 
together with the calcium salt, will preferably provlda 
abcut sot to soi neutralization. Although colutions in 

10 either water or iilcohol can be used. mixtures of wat.er and 

alcohol are preferrad. 

When an acid-sensitive medicament ia added to the fabric, 

the additiun is typically accomplished by dipping the 

15 fabric into a aaline solution of the medic~ment to 
saturatt= the fabric. sui'table mecticamentR include 
thrombin, f ibrinosen, and antifibrinolytic5 such as 

Aprotlnln. Thrombin ls a preterred addition to provide 

enhanced henostasie. Thronbin solutions of 1000 U/ml of 
20 saline are commerc1allY available And are suitable. 

EPJ(PLES 

The followinq examples demonstrate the processes and 
products of this invention. The QXamplas are not to be 

25 interpreted ns limitinq the scope o! the invention. but 
rather as contributinq to a complete do£cription of the 

invention. 

txample 1. "PREP~T"ION OF cALCIUM-MODIFIED NU-KNIT• 
30 CONTAINING 0.5t BY WEXCHT CALCIUM 

50 gramG of surqicel Nu-Knit• cloth witll cs. 20' carboxylic 
acid con~ent (0.22 moles of carhnxylie acid) was slit to 

a 30.5 cm width, wrQpped around a plastic per!crated core. 
35 and placea in a canister. 1600 ml of isopropyl alcohol 



(IPA) (1257.6 Qrams) and 1600 ml af diatillad water (1,00 
CJramc) wcra o.d.ded to a. IIoa.ke znodel FS circ:ulcll.ing bath. 
The circula~inq bath was connActed to tha canister co that 
the solution flowed into the bottom of the canister and up 
the pertora1:ed cora, peTcolatin9 throuqh tha plies of 

cloth wrapped around the core. 

1.01 gruu1 of calc::ium aceta.te monol1ydrate (O.OOCS moles) 
ware dissolved in 25 ml of distilled ~ater: 25 ml of XPA. 

10 This was added all at once to the clrculatinq bath as aie 

solution circulatad around the cloth. Tha concentration 

of the calcium acetate monohydrate in the solution (W/W) 

of watar: IPA was 1•071
2902.zsxlOO • 0.0368,. 'l'hc reaction 

was stopped after 2 hours or circulatin; ~he solution. 
15 

The core was removed from t:he canister and placad in a 
cylinder wit.h aoo al of IPA. Thi:a waa stirred for 30 

minutes, the solvent was removed and replaced with fresh 
isopropyl alcohol and ctirrcd for 30 minutes. 'l'he fabric 

20 was removed and a1r dried in a laboratory hood. The 
aample of fabric was an~lyzed·: for calcium. by a.totD.ic 

absorption and found to tiave o.45% by weiqht r:alr.ium. 

Titration of the fabric for carbolic acid content &bowed 
the fabric had a carboxyl content of 1R.9t, lndicatinq a 

25 5.5, deqree of neutralization. 

Example 2. PREPARATION OF CALCIUM-MODIFIED SURGICEL• 
CONTAINING ABOUT 0.8% BY WEICHT CALCIUM 

30 48.6 qra111s of Surqicel• with a 20% carboxylic acid contea1t 
(0.216 moles or carboxylic acid_) was Alit into a 10 CJD 

width, wrapped around n 30.5 cm long perforated core, and 
placed in a canister. The canister was attached to a 

Haake model FS eiroulatin9 b~th. Into the bath was added 
35 1850 ml or IPA (1454.l grams) and 1850 ml (1850 gr.ams) nf 
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distilled water. The solvent was circulated around the 
clotb for a few minutes. 

1.90 grams of calcium acetate monohydrate (0.010 moles) 
5 waa cli11solved in 40 ml at IPA and 40 ml of distilled 

water. This solution was added to a dropping funnel and 
slowly added to the Haake c1raulat1ng bath over a 1./2 hour 
period. The solution waa then allowed to circulate tor 2 
hours around the rabrlc. The concentration of the calciwn 

10 aoatate monohydratc vt/wt (wt. of aalcium acetate/wt. of 
solvent) in solution was 1•9 '3575 •5 x 100 = o. 0561. After 2 
hours the cloth was removed from· the canister and placed 
in a vraduated cylinder wi~h iooi IPA. The IPA solution 
WA& stirred around the cloth for 30 minutes to remove 

15 water: then tha solvAnt was replaced with fresh IPA and 
etirred around the cloth for another 30 lninutes. The 
cloth was hung ; n a hood to air dry. The concentration of 

calciwn JOeHuJured by atomic abso:t:ptiun was found to be 
0.79t by weiqht. Titration of the cloth for aarboxylio 

20 acid content showed can 18' ccirboxyllc content or a 10% 
daqree of neutralization. 

25 

lx:a111ple 3 s PREPARATION OF CALCiuM-MODIFIED SURCICEL• with 
2.Jt CALCIUM 

49.4 qrama of Snrgicel with a 20l carboxylic acid oontan~ 
(0.219 mole:. of carboxylic acid) W<at; tillt to a 10 cm 

width, wrapped around a plastic ~andrel, and placed in a 
canister. 1850 ml o! ui~t.illed water (18!50 grams) and 

30 1850 ml of·· ·IPA (1454.1 qrams) were added to the 

circulatinq bath and circulated around the canlster and 
the. fabric for S minutP.,;. 

5.80 grams of calci.um ~cet~te monohydr~te (0.033 111.oles) 

35 
.. , 

was dissolved in 100 ml of isopropyl alcohol/100 ml ,. 
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distilled water. ~his waa ~dd•d to a droppin~ funnol and 
•lowly dripped into t.ho c:irculat.lnq solvent. over a 30 

minute perioa. The concAntration of the calcium acetate 
wt/wt in the solution was 0.166\ (5.8/3482.7 x 100). This 

5 solution was allowed to cireulat• for 2 hours qround the 
alothJ then the core was removed trom the canister. 

The oore was placed in a l•llter cylinder and filled with 
800 al cf lOOt TPA. This solution waa stit'red with a 

10 magnetic stir bar around the core tor JO minutaA to ramove 
water from the cloth. The colvent ·vas removed and 

replaced with 800 ml of fresh IPA and stirr.ed for JO more 
minutes. The cloth was then hun9 in a·hood to alr dry. 
Analysis o! the fabric tor calcium showed 2. 3i by wei9ht 

15 calciu. Titration showed a 14. 6% c:arboxylic acid content 
or a 27\ degree or neu~raliza~iori. 

Tbe d~9ree or neutralization indi~.ates the weiqht percent 
of tha ori9inal carboxylic acid. qroups that have been 

20 converted to t:he calcium Ralt. The remaininq carhoxylic 

acid groups have not been changed c.nd theretore exist as 
tree acids. 

EXamples 4-8. PRF.PA'RATION OF CALCIUM-MODIFIED SURGICBL• 
25 and SURGICEL NU-KNIT* HAVING VAKlOUS PERCF.NTAGES or 

CALCIUM 

The procedure of Examplec 1-3 Wtls followed, except that 

30 calcium acetate concentration was varied to provide 
calcium-modified Nu-Knit• with o.a,, 2.3\ and s.s, calcium 
and sur9icel• with o.5t and 5.5t calcium. The hemoAtasis 
efficacies of all ei9ht samples and of unmodified control 
sa.mple:s were mei:l:sured u:Jinq the swine splenic incision 

J~ model. Results ~ppear in Tablo 1. 
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Table ..l 

HeJllOstasi~ st:udy of Nu-Knit* and Caloia-Modified Hu-Knit• 

Blecdin9 NU-l<NIT 
Time in Control 
Minutes 9.0 

7.0 
5.0 
6.U 
G.$ 
6.5 

Average 6.6 

Hemostasis ~t~dy ot 

SURGICEL 
Control 

Bleeding 
Time in 
Minutes 14.0 

11.0 
11.0 
12.5 
13.0 
14.0 

Ave.raga 12.S 
• .,·· •C 

NU-KNIT 
With 
0.5, 

Calcium 
5.0 
4.S 
s.o 
4.5 
5.0 
s.s 
4.9 

NU-XNIT 
with 
o.a, 

Calcium 
4.S 
5.0 
4.0 
4.5 
5.0 
s.o 
4.6 

ltlU-I<N'I'l' 
vi th 
2.3% 

Calcium 
J.50 
3.25 
3.50 
4.00 
4.50 
3.50 

J.7 

NU-l<NZ'l' 
wi'ch 
~.5t 

Calcium 
3.25 
J.00 
3.25 
3.50 
:J.OD 
3.00 

l.1 

~urgig11• and Ca!sium-Mnajf1ed 

surgice!! 

SURGICEL SURGICEL StJnGICEL StJRGICEL 
With with with with 
o.s, 0.8, 2.3, 5.5% 

Calcium Calcium Calcium Calci\Dl\ 

12.0 11.0 B.25 6.0 
1LS 10.s 9.25 '·5 
12.0 11.S 9.75 5.25 
10.s 10.0 8.0 6.5 
11.0 9.5 8.S '·o 
10.5 19.0 8.5 7.0 

11.25 10.4 a.7 '·2 
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.Bx.ample 9. ·EXCESSTVE" CALCIUM MODIFICATION OF oac. 

EXample 6 of u.s. Pat. No. 2,517,772 (Doub et al.) was 
repeated to make a calcium-neutralized oxidized callulosa 
cloth. This cloth was analyzed for calcium content by 

atoaic absorption and !ound to contain 6.75' calciwn. 

oxidized cellulose cloth made by the present invention, 
Which contained 2.7?t calcium as measured by atomic 

10 absorption, and the cloth made by follnwing Example 6 of 
Doub et al., containing 6.75' calcium, were implanted in 
t:he subcutilneous tissue of rat:s and were evaluated for 
absorbability and tiooue acceptability 14 days post 

operative. The calcium ORC of t.his invention evoked only 
15 a very mild deqroc of tissue r~a.ction customarily seen 

with surqicel•. The material wa~ completely absorbed in 
most animals, and only a smQll amount or sar~, qelattnous 
material was round in a fev animals. The oalciwa ORC made 
by Exa11plc 6 of Doub et al. consisten~lY evoked severe 

20 reactions in the form of large moda~ately f ira, whitish, 
non-fibrous masses presumed to be qranulation tisAue and 
capsule formation. In addition, implants were not 
completely absor-bed after 14 days. 

25 Analysis of the e~ample~ recited by Barinka Qt ~l. (Brit. 
Pat. Spec. 1,59'3,Sll) shows t~at they fora ca.lclum­

modified ORC hQvinq ptuperties similar to that of Doub et 
al. 

30 EXa.mple lQ. CALCIUM- VERSUS SOOIUK-MODIFICATION OF ORC 

Hcmostasis efficacy of calcium-modified surqicel• and Nu­
xn1t* were me.asurP.d aqainst similarly modified sodium­

Surgiocl end sodium-Nu-Knit. All tabr1cs were siailarly 
neu~ral1zed ~o co~parable de9reas. The sur9icel and Nu-
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Knit fabrics were modified by· treatment with calcium 
acet.ate to neutralize about. 30t of the cairbo>eylic acid 
tJrOUp:i on tlle oxidb:ed cellulose fabrics. This produced 

a cloth with a 2.6% calcium coritcnt. Neutralization of 
5 surqicel and Nu-Knit with sad1umsacetate produced a cloth 

·with a 2.9t aodiua con~ant, which corresponds to about 30t 
degree of neutralization. 

The he111ostasis efficacy was measured nging the swine. 
10 splenic incision modol. Table II :shows the results oC the 

hemostasis test. Results are tha averaqe of s bleeding 

15 

20 

2S 

cvantc. 

Table I~ 

Teat Ma.t.e.rials 

SU~CJiCRl 
Nu-Knit 
Calcium Sur9icel 
Calcium Nu-Knit 
Sodium surg1cel 
Sodium Nu.-Rnit 

Hemostas1s ·rime 

a.o ain. 
!i.O min. 
5.5 min. 
3.3 min. 
6.5 min. 
4.5 lllln. 

The t~ats indicate thQt both sodium- and calciu•-modified 
oxidized cellulose fabrics are fasta~ hemostats than the 
oorrcspondin9 poirent material;_ however, tbe calcium­
mod1f1ed oxidized cellulose fahtics are faster than tha 

30 comparably neutralized sodium '1fabrics, This can be 

attributed to the role c~leium plays in hemostaGis. 

35 

EXamole 11. 
CLOTH 

A MIXED CALCIUM/ SODTtJM . OXIDIZED CELLULOSE 

Into a resin Xettle that contained 170 ml IPA and 170 ml 
of dist.illad water were added o .. 984 grants of calcium 

acetate hydrat.e and 1.52 or·ams of sodium acetate 
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trihydrata. ~he content• wore stirred until both salts 
were dioeolved. ~he ~dlts were presen~ in molar quantity 
eaeh to neutralize 30t of the ~arboxylic acid group& on 
the oxidized cellulose. 8.4 qrams or surqicel f:loth, with 

S a carboxylic acid content of 20,, were added to this 

aolution, and the solution was stirred ror 4 hours. "th• 

cloth vas then removed and waahed with two 1650 ml 

portions of IPA. The cloth was dried. in air. The pH of 
the cloth in distilled water, measured as described 

10 earlier, was s.sa. Analysis ot t:ha cloth f.or calcium and 
sodium by atomic abcorption show~d 2.03t calcium and z.2% 
sodium.. The pij of the cloth was h19her than if caloiwa 
alone were uccd. (A similar cloth modi!ied only With Jot 
stoichiometric calcium acetate showed a pH in dictilled 

15 water of 4.1) In this example, the !abric•s pH was raised 
sufficiently so that it was compatible with acid ocnsit:ive 
••ciicament o.nd yet had sufficient. calcium for enhanced 
hemostasis, without F.!xcaedin9 the 3. 5% concentration above 

which calcium produce& tissue irritation. 
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CLAIMS 

l. A bloabsor.babl~ surgical hemo5tat. comprising a 

neutralized oxidized cellulose tabrj t: comprisinCJ between 

5 about 0.5~ and al:>out 4.0t calcium. 

2. The lliurgical hemostat of ola.im 1 i11 which the fabric 

campriseQ between about 2.0% and about 3.5% calaiwn. 

10 3. 'l'he cur9ic:al hemostal. or claim 1 , fur1:her comprising 

Gbout 2~ to abou~ 6t ~odium or potassium. 

15 

4. Tbe surg'ica.L hAtnostat of ola.im 3, further comprisintJ a 
hemo$tatic-cffective amount ot thromhin. 

~- A procooo for pr~parinq a b\oabsorbablc surqical 

hemo~tat comprisinq the stepo of: 

(a.) contact.i.nCJ an oxidized celluluse material that 
2n contains a predetei:m.i.ned concentration of carboxylic acld 

'iitlth a prede~ermined quantity of a cfilot·ide-tree solution of 

a calcium 30.lt of ~ weak aci.d havinq a predetermi11ec1 

mol~rity selected to neutralize about 5.5% to about 45% of 

the carboxylic acid dnd provid.e a calciW1l content in the 

25 fabrlc or between about o.st and about 4.0%; and 

(b) washit'l«J the lll.atcrial to reJuove excess .s::t.Alt. 

6. A ~rocess for prepa~i~q a bloabsorba~!e ~urqical 

'30 hemostat coznprisin9 the s-c°eps of: 

(a) conta.ctinq an oxidized. c'el lulose zna.toritil that 

conta.ins a predeeerminRd conoentra.tion of ci:lrboxylic acid 

with~ prQdetormincdquantity of a ChloridP--free solution of 

35 a calcium Sdlt or a weak ar.id and a sodiwa or pot~~sium salt 

Of a weak acid to ncutrali~e 4bout ~u' to about 80% of the 
carboxyl!~ acia, tn.e ~~lt concentra.tions selected so that 
t:he calcium neutra.lizes aLuut 5.5-l to about 45% of the a.c:id 

. 
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and the sodium n~ potassium salt neuLralizes ~he b~lanco, 
and to provide a calclum content in the fabric of beLween 
abuut o.5~ and Ah~ut 4.ot; Qnd 

(b) washing the ma~erial tn ramovo excess salt. 

7. The proocas of claim 6 includi'nq thQ additional step o.r 
impreqnatinq ~e ~r.ied material with ~ bt:!mostatic-effective 
amount of thrombin. 

1 o B. The aur9ic11l h"'mostat. ot cl "il'll 3 wherein the fabrlc 

~ompr1ses betwP.~n about 2' and J.5\ ~alcium. 

15 

9. The surqi t:al hemostat of claim ' wherein t.he f~bric has 
a pH between s.o and s.o. 

10. Tho sur9ical he1uostat ot clai.m 9 wherein the fabric has 

a pH between 6.5 and 1.0. 

11. 'J.'he RU'l"'t]ical hemcota.t of cla.l.ni. 10, further comprising 

20 a hcmoatatic-e!C~ctive amount of thrombin. 

' 111\lll ll\11111111 \ll\l lt '"' * C L M S * 


