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l 
The invention herein described may be manu 

factured and used by or for the Government of 
the United States of America for governmental 
purposes throughout the world without the pay 
ment to me of any royalty thereon. . 
This application relates to a novel sterilization 

procedure whereby starch sponge, a material use 
ful in surgery particularly as an internal surgi 
cal dressing material or whereby surgical articles 
comprising starch sponge may be sterilized with 
a minimum impairment of the desired properties 
of the sponge. 

Starch sponge, in either block, piece, or pow 
dered form is known; to possess properties which 
render it valuable as a hemostatic material and 
as an absorbable surgical dressing. It is natur 
ally important that the sponge-or a dressing 
comprising said sponge be sterile when used for 
such purposes. Starch sponge. is a material 
which does not readily lend itself to sterilization 
procedure other than that of conventional steam 
treatment under moderately elevated pressure. 

Conventional steam sterilization involves moist 
heat at temperatures in excess of 100° C. and 
ordinarily produces unsatisfactory results with 
starch sponge, for the nature of the sponge is 
considerably altered and many of its desirable 
characteristics are lost or seriously impaired. 
This appears to be true at all effective steam 
sterilization temperatures. 
porous material is conveniently carried out by 
placing containers or packages of the material 
in the sterilizer and subjecting them to the ac 
tion of steam under pressure in the usual way. 
Packagings pervious to the steam, or open con 
tainers, are employed in order to permit proper 
sterilization to take place. Since the steam 
heats largely through the transfer of its heat 
of vaporization as it condenses upon the objects 
to be sterilized, porous materials, ‘such as starch 
sponge, are impregnated by a substantial amount 
of condensed moisture. This is a condition 
readily recognized by those skilled in the art as 
necessary to achieve satisfactory sterilization. 
The final steps of the sterilization, carried out 

in the usual way, comprise cutting off the steam 
supply at the end of the sterilization period, per 
mitting the steam pressure in the sterilizer to 
fall and freeing the sterilizer and its contents 
of excess moisture. The sterilized contents are 
then removed. These steps when applied to 
starch sponge have been found to result in an 
undesirable physical alteration of the sponge it 
self. The sponge, instead of possessing the de 
sired resilient and sponge-like properties, is hard, 
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and the individual ?bers making up the sponge 
are horny in character. 

I have determined that the starch, as it exists 
in starch sponge form, is in a de?nite physical 
state, believed to be a coacervate state. I have, 
moreover, determined that this state which char 
acterizes the starch sponge is relatively unstable 
under conditions of moist heat and it tends to 
revert readily toward a gel condition. Starch 
gel, if dried by heat, results in a horny product. 
This transformation from the relatively unstable 
state to the gel state occurs during conventional 
steam sterilization particularly during the latter 
stages of cutting off the live steam, and results 
in the undesirable alteration as previously de 
scribed. I have discovered that starch sponge 
after having been subjected to conditions of moist 
heat may be prevented from reverting to the 
gel state if it is dried immediately to the state 
of crispness. The state of crispness represents 
a physical state of the sponge in which the starch 
is in a non-reverted state and, at the same time, 
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tionship and proportion to permit a section of 
the sponge to be crushed between two hard sur 
faces. It is a ‘state in which the sponge has 
been prevented from gelling in whole or in part, 
and upon immersion in liquid, such as aqueous 
solutions, it is transformed into a soft, pliable 
and resilient sponge. 

It is somewhat surprising that the moisture 
content of a freshly dried and crisp sponge may 
vary over wide limits. For instance, a sponge 
may be crisp when freshly dried and still have 
associated therewith 20 percent or more mois 
ture. E?‘ecting the state of crispness during 
the drying process depends upon several factors, 
some of which have not been determined. It 
depends to some degree but not entirely upon 
the moisture content. It seems also to depend 
upon the physical relation of the contained mois 
ture to the starch strands or ?bers during con 
ditions of elevated temperature. It is only after 
the state of crispness is obtained that the sponge 
appears to be stable in the presence of heat and 
moisture. 
The customary ‘periods of vacuum associated 

with the conventional sterilization procedure will 
not result in the required state of crispness in 
sterilized starch sponge. Moreover, air drying 
the freshly sterilized sponge usually results in 
reversion. This reversion occurs rapidly, and 
often the sterilized sponges are seriously dam 
aged during the short period of time involved in 
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reducing the steam pressure of the sterilizer at 
the usual rate. 

I have discovered that visual observation is 
su?icient to give ,an accurate end point to‘ my 
drying process. Inv practice it is unnecessary to 
make a more exact determination than merely 
observing the time when the sponge is crisp. 
Utilizing my discoveries I dry steam sterilized 
starch sponge so as to forestall reversion to the 
gel state. To accomplish this I incorporate 
immediately an ef?cient‘drying step integral 
with the steam sterilization. This usually in 
volves a rapid reduction of steam pressure so 
as to minimize exposure to moisture and high 
temperature followed by immediate removal of 
the freshly sterilized sponge to a zone of drying 
or desiccating capable of rapidly removing mois 
ture. The drying may be accomplished by means 
of a drying oven swept by heated air or other 
inert gas. Alternately, the sterilized sponge may 
be’ left in the -_ste‘rilizer,~;and substantially im 
mediately shutting off ‘theysteam? followed by 
rapid reduction of pressure,_ a considerable vac~ 
uum is maintained until the sponge has reached 
the desired state. This period of vacuum usually 
takes up to 30 minutes or longer or approximately 
three times conventionalvacuum drying of steri 
lized materials“.- _ _ ' v ~ ~ 

The temperature and pressure employed may 
hey-those‘ customarily employed for sterilizing 
porous articles such asfabric, dressings, and the 
like; The temperature may ‘be within the range 
ofslightly;overglQO" C’. to 125° C. at the corre 
sponding saturatedsteam pressures. For e?ici 
ent sterilization I have found that 105°-115° C. v'1‘. 
and 5 to 20 p.‘ s._i. gage steam pressure give good 
results.._.~ ~‘ ‘ ' Y ‘ 

The following exemplary data illustrate the in-' 
vention. . . r . a ' 

Starch sponge in block form, prepared by 
freezing a starch v paste as disclosed by Mac 
Masters and Hilbert in US. Patent No. 2,442,928 
and MasMasters and Bice in U. S. Patent No. 
2,423,475, is wrapped in pervious paper and placed 
in a conventional steam sterilizer. After steril 
ization at 110° C. and-15 pounds steam pressure 
forone hour,rthelsteam is shut off, the pressure 
permitted to fall at the usualrate,v and the hot 
packages removed and permitted to cool to room 
temperature. After, opening the packages, the 
sponge was found. to be hard and tough. Upon 
immersion in liquidsitfails to absorb. properly 
and closeexamination of the sponge itself re 
Y‘ea‘led ~théttthe ?brous elements had been trans 
formed toj theundesired horny state. ' ' 

‘Example 2 
The’ aboveproc'ess is repeated, excepting that 

immediately after the steam is shut off the pres 
su're‘in‘the sterilizer is reduced rapidly and the 
hot'packagesar'e transferred immediately to a 
forced draft drying .oven heated to 80° C; and 
driedufor 30 to 45 minutes—'to a state of crispness. 
The dried sponge of this example possessed all 
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4 
the sponge-like and absorbent properties of the 
freshly prepared, unsterilized sponge. 
Instead of transferring the hot packages to a 

forced draft drying oven, they may be‘left in the 
autoclave and dried rapidly by drawing a vac 
uum for 20-30 minutes or longer until the state 
of crispness is obtained. 

I claim: _ 

l. The method comprising sterilizing starch 
sponge by subjecting said sponge to the action of 
moist steam at a temperature within the range 
of 105° C. to 125° C. and gage pressures within 
the range of 5 to 20 p. s. 1. until sterilization has 
been accomplished, cutting off the steam supply, 
rapidly reducing the pressure and substantially 
immediately thereafter drying the sterilized 
sponge to a state of crispness by exposure to 
‘heated air for'at least about 30 minutes, said 
reduction in pressure and drying being sufficient 
ly rapid to forestall reversion of the sponge to 
the‘ gel state. . ., . , ' V ~; : r 

" 2. .The method comprising sterilizing. starch 
spongeeby subjectingsaid sponge to the actionoi' 
moist. steam at a temperaturewithin the range 
of 105° C. to 125° C.'and gagepressure within 
the. range of 5 to 20 p. s. i. until sterilization has 
been accomplished, cutting oif the steam supply, 
rapidly reducing .the pressure an substantially 
immediately . thereafter‘ drying the sterilized 
sponge to a state ofcrispness, continuing said 
drying for at least. about30. minutes, said reduc 
tion in pressure and drying being .suf?ciently 
rapid to forestall reversion. of ‘the sponge to the 
gelstate. . . 1 . ... ~.~ . 

3; In thesterilization of surgical articles com 
prising star'ch. sponge .materlalwhereby saidfma 
terial is subjected to the action of moist heat and 
elevated pressureslat temperatures in. excess of 
100° C. for a period of at least aboutll hr., the 
improvement which comprises drying said sponge 
material, so as toforestall reversion of the starch 
sponge to a gel state,. by'.rapidly reducing the 
pressure to atmospheric and substantially im 
mediately sweeping over the freshly sterilized 
sponge material 'a stream of air heated to ap 
proximately 803C; for at least about 30 minutes. 

4. In the sterilization of surgical articles com 
prising starch sponge material whereby said ma 
terial is subjected to‘ thefaction‘ of .moist heat 
and elevated pressures attemperatures inex 
cess of 100°C. forlaperiod of at least about 1 hr., 
the improvementwhich' comprises drying said ' 
sponge" material, so as toforestall ‘reversion of 
the starch sponge to. a gel state, by rapidly re 
ducing the pressure to atmospheric and substan 
tially immediately applying a vacuum to'the 
freshly sterilized sponge material for at least 
about 30 minutes. ‘ ' ' 
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