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1. 
This invention relates to surgical instrinaen 

talities having hemostatic and healing properties. 
For lack of a better term, the products of the 
present invention will be referred to as “Wound 
pads.' The invention involves not only a new 
product, but also a new process for producing that 
product. 

It is the plinary object of this invention to 
provide a sterile pad, the function of which is 
chiefly two-fold: to check bleeding, that is, to 
inhibit further escape of blood fiora capillaries, 
Veins and arteries; and to promote healing in the 
tissues involved. In addition to its herinostatic 
and healing properties, the wound pad of this 
invention embodies two other important feauties 
not present in products now available for such 
purposes; nanaely, it provides materials for the 
replacement of lost hemoglobin, and inhibits the 
spread of microorganisms in infected tisses. 
These are virtues inheitent in the product itself, 
and the latter of thera can be further enhanced 
by incorporating such antibiotics asperaicillin and 
Streptomycin. These antibiotics are fully eGaa 
patible with the material of the wound pad, and 
may be combined with it to form a piroduct which 
is uniquely effective in combatting infection. 
The Wound pad of this invention is used when 

the blood escapes from a vessel in which it nor 
mally circulates. This may occur because of 
erosion of tissue, as with bleeding ulgers. It 
usually-occurs, however, because of traurana, either 
accidentally suffered, or as incidental to surgical 
procedure wherein blood vessels are divided. 
Where circumstances permit, severed veins and 
arteries are usually clamped by means of a hemo 
stat (metal pinchers) and are tied off With a 9 
sorbable or nonabsorbable sutures. Oozing from 
capillaries may be controlled by suture stitches. 
However, when numerous capillaries are divided, 
or when the ends of a bleeding vessel retract, 
resort is had to other expedients to stop blood 
leakage. Surgeons, comino:nly use pieces or pads 
of gauze, relying on pressure of the gauze against 
the thin Walls of the in Wolved blood vessels to 
control loss of blood. This packing has to be 
.removed eventually. 

HeinOStatic materials also have been used. 
Among the in Ost common has been ion in solu 
tion. (Moasel's Solittiora) and, in ore recently, 
“Oxycell' (soluble cellulose) and “Gelfoam' (an 
expanded gelatine product). Since all such na 
terials are composed of Substances foreigia to the 
tissues of man, injured tissues react against 
them when they are placed in the body. Indeed 
some naaterials rather connagaly used for such 
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purposes contain Substances which are actively 
deleterious to living cells, and all Such materials 
heretofore in use retard normal tissue repair to 
at least Some extent simply because they are 
foreign bodies. Living cells cannot utilize thern 
to repair cell damage or promote cell growth, and 
the body must eventually get rid of them. 
The wound pad of the present invention is made 

primarily from blood, preferably human blood, 
which has been preliminarily treated to reduce 
it to the state of a solution. Blood has been re 
ferred to as “the liquid tissue.' Wound pads 
made from it by the process hereinafter disclosed 
are not rejected, as foreign bodies, by living tis 
Sue, but are accepted and utilized in the healing 
proceSS. 
I deem the Stroma, or cell wall structure of 

the blood corpuscles, to be a valuable constituent 
of the composition. However, the individuality 
of blood types seems to be associated in some way 
not fully understood with the structure of the 
blood corpuscle. Whole corpuscles, or even pow 
der made by pulverizing desiccated blood cor 
puscles, may induce adverse reactions, such as 
burning, stinging pain, when applied to wounds 
in vivo. I attribute such effects to a lack of con 
patibility of blood types, as between the patient 
and the medicament. I have discovered that Such 
reactions may be avoided if the corpuscular struc 
ture, or strona, is reduced to sub-microscopic 
dimensions, so that it enters into solution in the 
liquid portion of the blood. 
A preferred method for accomplishing this is 

described and claimed in my copending applica 
tion Serial No. 519,686, filed January 25, 1944, 
now Patent No. 2,527,210, granted October 24, 
1950. According to that application, human 
blood is withdrawn from donor by the “closed' 
method, and is centrifuged under sterile condi 
tions to separate the plasma. The red cell resi 
due which remains (and which will also include 
more or less plasma, depending on the degree of 
centrifugal separation) is then subjected to a 
freezing treatment so drastic as to completely 
disintegrate the stroma or structural matter of 
the blood-corpuscle, So that, upon thawing, the 
solid matter enters into solution in the liquid. 
This solution is probably colloidal or sub-colloidal 
in nature. Suffice it to say that if the strona is 
still in particle form, the particles are nonethe 
less beyond the resolving power of ordinary 
laboratory microscopes, although it may be that 
ultra-microscopes could differentiate them. 
The freezing must be initiated at a tempera 

ture so low as to result in the practically instaas 
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taneous freezing of at least the Superificial por 
tion of the mass, and must be continued for a 
substantial interval to produce the desired result. 
Using a 30 cc. test tube as the receptacle, and 
a constant melting point mixture of carbon di 
oxide and refined kerosene or other hydrocarbon 
as a standard of reference, I have found that the 
desired result will be produced in from 2 to 3 
minutes. The temperature of such a refrigerant 
will be in the neighborhood of -70° C. Using the 
same size test tube and liquid air, at approxi 
mately -180° C., the desired result will be pro 
duced in from approximately 30 Seconds to 1 
minute. If larger batches are treated, the time 
of freezing must be extended. 
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I prefer to use receptacles containing about 
300 cc., and to employ Methyl Cellosolve (mono 
methyl ether of ethylene glycol) and Dry Ice as 
the refrigerant, freezing being maintained for 
18-24 hours, at well below -70° C. The frozen 
material is then permitted to thaw. It is then 
in the state of a solution-that is, it is a clear 
homogeneous liquid, free of precipitates or Sedi 
inent or suspended Solid matter, even under 
microscopic examination. This solution may be 
referred to as a hemoglobin Solution, or as an 
hemoglobin-electrolyte-stroma, Solution (abbrevi 
ated as H. E. S.). 
The solution produced in accordance With the 

foregoing technique (which, as previously noted, 
is disclosed and claimed in my copending appli 
cation above referred to) is the material of which 
the wound pad of the present invention is com 
posed. The wound pad itself, in finished form, 
consists essentially of a porous, relatively fran 
gible, readily absorbable cake of this Solution, in 
a thoroughly desiccated state, enclosed within a 
glossy envelope or membrane, also formed from 
the solution, by methods hereafter described. 
Toughness, resilience, and an increased resistance 
to moisture are imparted to this membrane as 
later pointed out. 
One method for producing the Wound pad of 

the present invention from a Solution of blood 
such as just above described is diagrammatically 
illustrated in the accompanying dra Wings, and 
more fully explained hereinafter. 
Figure 1 is a longitudinal section through a 

two-part aiapoule, used in producing the Wound 
pad of this invention. 

Figure 2 is a longitudinal Section through a 
refrigerating bath, showing the ampoule of Fig. i. 
partly in elevation and partly broken away. 

Figure 3 is a diagrammatic illustration, show 
ing the relative arrangement of the parts during 
the desiccating step of the process. 

Figure 4 illustrates in elevation the finished 
ampoule, with its two parts separated to expose 
a portion of the Wound pad, the remainder of 
the pad being still within one part of the am 
poule. 

Figure 5 is a perspective view of a wound pad 
at the tine of use, showing the normally cylin 
drical shape flattened to adapt it to the contour 
of the Wound. 

Figure i shows, in assembled relation, the 
Various parts used to form the vessel in which 
the wound pad of this invention is to be pro 
duced. These parts are, primarily, two tubular 
members, f and 2, which are united by means 
of a sealing collar 3, preferably of rather tightly 
stretched rubber. Considering the member , it 
Will be seen that it is of fairly large diameter at 
the end which abuts the corresponding end of 
the other tubular member 2, and that this large 
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4. 
diameter portion is of Substantial length. If, for 
example, a Wound pad of about 12 cm. long and 
1.75 cm. in diameter is to be produced, the large 
dia.imeter portion of the tube will be 2 cm. in 
Side diameter and about 8 cm. in length. At that 
distance from the open end, the tube is nar 
rowed, forning the annular shoulder 4, and the 
narrow tubular neck 5, which has a length of 
about 4 cin. The short end, , Will have a large 
diameter portion only about 4 cm. long, but will 
in all other respects be a counterpart of the 
member . . Conventional skirt caps 6 are ap 
plied to close the ends of the narrow necks. 
These caps are preferably of the type which has 
a Soft center plug I, through which a hypo 
dermic needle may be inserted, and which are 
Self-sealing when the needle is withdrawn. 

Figure 1, as mentioned above, shows the parts 
in assembled relation. In carrying out my proc 
eSS, the first steps are preferably performed be 
fore the parts have been assembled in this way. 
Considering now these preliminary process steps: 
The first Step of the process is to coat the inner 

Surfaces of the members and f2 with a fairly 
Substantial film of the hemoglobin-electrolyte 
Strona Solution previously described. This may 
be done in any convenient manner, as by immer 
Sion, Spraying, or Spreading. I prefer the latter, 
using a medicine dropper to place the desired 
amount of Solution in the tube and then rotat 
ing or manipulating it to assure even distribution 
of the film over the entire inner surface of at 
least the large-diameter portion. If dipping is 
used, it is desirable, immediately after removing 
the tube from the liquid, to wipe the liquid off 
the Outer surface. 
The Second step of the process is to Subject 

the film or layer of H. E. S. solution, immediately 
after it is spread, to the action of alcohol. This 
I prefer to do by immersing the tube in a beaker 
Of alcohol for several minutes, renoving it, and 
permitting it to dry in air. Alternatively, the al 
cohol also may be applied by spraying or other 
Wise. If, for any reason, the treatment with al 
cohol is delayed, so that the surface of the coat 
ing of H. E. S. Solution has begun to dry, contact 
With alcohol must be prolonged. If so much 
time elapses before the alcohol is applied that 
the stratum of H. E. S. solution has Completely 
dried out, the alcohol treatment should be con 
tinued for a matter of hours rather than min 
utes. Under Such circumstances, overnight im 
mersion in alcohol is recommended. 

It should be mentioned that the thickness of 
the stratum of solution is important. To check 
this factor, it is desirable to hold the tube to the 
light after the stratum has been inundated with 
alcohol, and visually examine the texture and 
Color of the film. The color and refraction of the 
film or coating under transmitted light is a ready 
and quite reliable index to the thickness, quality, 
and State of the film. If a thin coat is wanted, 
the film Should be almost transparent and light 
pink in color; if a very heavy coat is needed, the 
film should be dark red and almost opaque. 
The thickness of the film may be varied by 

using a more concentrated hemoglobin-elec 
trolyte-stroma Solution, by manipulating the 
tube So as to facilitate run-off or to retard or pre 
vent run-off, etc. If heavier films than can be 
provided in these Ways are needed, the process 
may be repeated one or more times, that is, the 
Cylinder may be dipped into the blood Solution 
(or Sprayed, or otherwise coated), may be sub 
jected to alcoholic action, and be dried and 
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visually inspected as many times as may be 
needed. With very little practice it is possible to 
produce and evaluate accurately, precisely the 
quality of film desired. 
The action of the alcohol on the blood coating 

is quite significant. On examination with the 
unaided eye, the surface appears glossy, as 
though varnished. Under microscopic examina 
tion it seems that the coating has become mi 
inutely crystalline in character. Whether or not 
the residuum of solution adhering to the inner 
Surface of the glass tube' is actually crystalline, 
the fact is that the material is very much imore 
coherent. The deposit which remains Seens to 
have been transformed into a membranous lin 
ing for the cylinder, rather than a residual de 
posit. 
After the membranous lining has been built up 

and "cured' as just described, the outer surface 
of each of the tubular members if and 2 is 
Coated With castor oil or SOrne other semi-drying 
or non-drying oil, for a short distance back from 
the end of the large-diameter part. The rubber 
Collar 3 is then stretched over one of the large 
diameter ends; the other large-diameter end is 
brought into endwise abutment, and the rubber 
Collar is Slid back across the junction. The oil 
facilitates positioning the collar, and also serves 
to ensure that the joint sealed by the collar will 
be air-tight. 
vessel is now ready for the next step in the 
process. This is the condition illustrated in Fig 
gure 1, the membranous lining being indicated 
at i3. 
An alternative procedure for carrying out these 

preliminary steps is to bring the tube ends to 
gether and apply the collar 3 before spread 
ing the H. E. S. Solution over the inner surface. 
If this is done, the solution is injected, as by use 
of a long-needle Syringe, through neck 5 into 
the large-diameter Space, and is Spread by manip 
ulation. This is not as desirable, however, be 
cause air-drying of the film after inundation 
with alcohol seems to be quite important, and 
it takes undesirably long to circulate a Sufficient 
volume of air through the narrow necks 5. 
The next step in the process is the formation 

of a hollow cylinder of H. E. S. solution within 
the anpoule A. The apparatus used in carry 
ing out this step is illustrated in Figure 2. It 5 
consists of a vessel 9 having upper Wail Surfaces 
3d, filled alrost to the brim with refrigerant 

28. This refrigerant may be a mixture of Dry Ice 
and refined kerosene, or any other intensely cold 
liquid such as Methyl Cellosolve (melting point 
-98.1. C.). 
A large size hypodernic syringe 2 f is used to 

inject the H. E. S. solution through the cap 6 
and neck 5 into the large-diameter portion of 
the ampoule. I prefer to use an instrument haW 
ing a barrel about 3 cm. in diameter and about 
12 cm. long, provided with an extra-long needle 
22, of 18 or 20 gage for preference. The 7' (18 
cm.) size is long enough for most purposes. 
The syringe is charged with H. E. S. solution 

and the needle is inserted through one of the 
caps 6 (traversing the self-sealing plug f) 
until the mouth 23 of the needle enters the Wide 
diameter section beyond shoulder 4. Pressure 
is then applied to the plunger of the Syringe, 
while the needle is being advanced progressively 
into the wide-diameter section. When the re 
gion of the opposite shoulder is reached, the 
direction of the needle is reversed. Meanwhile, 

Caps 6 are then applied, and the 
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So that the solution deposited on the inside of 
the membrainous layer 8 is spread evenly over 
the Surface and is progressively frozen in a thin 
layer. The needle tip 23 is traversed several 
times, back and forth through the wide-diameter 
Section, care being taken to maintain substan 
tially coastant pressure on the plunger so as to 
eil Stre a Uniforn irate of discharge of the solu 
tion. Rotation of the ampoule is aaintained all 
the While, so that a body 24 of frozen Solution 
is gradually built up, from the periphery towards 
the center of the aimpoule. Each fresh incre 
ment of Solution freezes to the layer of solution 
previously injected and frozen. 
When the body of frozen material reaches such 

a thickneSS, radially, as to leave a central, axially 
extending Core Space 25 of about 0.5 cm. in di 
ameter, the needle is withdrawn and the ampoule 
is connected to a desiccation unit, as shown dia 
grammatically in Figure 3. In the present ex 
ample, when the volume of the anpoule is about 
40 cc., the annount of liquid injected is from 
30-35 cc. In an effort to expedite building up of the 
body of frozen material, I have singly illed the 
airlpoule about folii-fiftis full of H. E. S. Soiu 
tion before placing it in the refrigerant; have 
then innersed it, in the refrigerant and rotated 
it quite rapidly during freezing. Useful results 
can be secured in this way, if rotation is main 
tailed at a Speed Stificient to drive all of th2 liquid 
to the peripheiy oy centrifugal force and keep it 
pad ultinately produced is likely to be distinctly 
more fraigible than When the Solution is frozen 
sequentially in layers during relatively nuch 
slower rotation. 

in any case, when the desired body of frozen 
material has been provided, the cap is removed 
from one end of the cylindei' and tie yacular 
line fron a conventional lyopililizing liait is Sub 
stituted. Miechanism of this sort is now well 
known in this art, and it is therefore only dia 
granariatically illustrated in Sigure 3. it coin 
prises a test tube for oiological lidiid to be desic 
-cated (or Several Such tubes connected to a 
common manifoid), a vaguum line 25 to a pri 
mary condenser 2, through which vasor is With 
drawn fion the material being treated, and a 
vacuum pump 28. In the present C3Se the airn 
poule A is substituted for the usual test, tube, 2nd 
the vacuum connection is aide by renowing one 
of the caps is and substituting a, Ol'tad hippie, 
as illustrated at 23 in Figure 3. in the prinary 
condenser 2, the larger part of the moisture coin 
tent of the material in the anpoue A is coilegted 
in the form of vapor and precipitated in the 
form of ice. One or more secontiary condensers 
3C may be used if desired. 

Fol reasons not yet clear to me, when the 
material being desiccated is a blood Solution in 
corporating the disintegrated residue of biood 
corpuscles, such as the hexoglobin-electrolyte 
stroma solution referred to heretofore, it Seems 
to be much more important, to maintain the tein 
perature at a low value, and to maintain the 
-degree of vacuum applied at a high value than 
When lyophilizing plasma. Otherwise, the rate 
rial in the cylindex - 2 tends to reliquefy, 
and figw to the bottom of the cylinder, So that a 
channel is no longer available in the body of 
material through which vapot may be withdrawin. 
If its level reaches that of the exhaust port, the 
liquid may completely plug this passage and re 
freeze there. 

... As a generai indication, Inay Say that best re 
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suits have been secured when the vacuum gage 
showed from 10 to 15 microns, throughout the 
process of desiccation, and the thermometer 
showed temperatures around -70° C. Or, better 
still, -90° C. at least until a major portion of 
the free moisture had been Sublimated. - 

If the frozen mass does re-liquefy, the anpoule 
must be removed and its contents must be re 
frozen, spinning the ampoule quite rapidly to 
displace the liquid and re-establish the axial 
cavity while freezing takes place. AS Suggested 
above, the pad ultimately produced When this is 
done is more frangible than when the Solution 
is sequentially frozen. 

I surmise that the problem is consequent upon 
the presence of all of the electrolytes normally 
present in the blood, since under my process 
nothing is removed of the useful blood constitu 
ents, except, permissively, that quantum of plas 
ma, which is deemed unnecessary, and Which is 
separated by centrifugal action before the blood 
residue is initially frozen. Certainly the freezing 
point of the hemoglobin-electrolyte-stroma, Solu 
tion which I use is much lower than the freezing 
point of plaSma. 

Preferably, the lyophilizing treatment is carried 
on until practically all free moisture has been re 
moved. Using a Small size commercial lyophiliz 
ing unit, having a 24-position manifold, I con 
tinue desiccation for from 18 to 24 hours. This, 
according to the manufacturer's manual, should 
ensure that not more than 1% of the moisture 
content initially present will remain. 
I have discovered that the membranous lining 

which was first produced within the ampoule : 
tends to adhere to the blood solution injected 
and frozen in situ as previously described, and 
tends to separate from the glass wall of the cyl 
inder when the material in the cylinder shrinks 
in volume as the Water is renoved. Indeed, Some 
degree of separation is initiated by the alcohol 
treatment, and one indication that that treatment 
has progressed Sufficiently is the appearance of 
indications that the film or coating is no longer 
firmly adherent. As the volume of the maSS being 
desiccated is reduced, the membrane thus be 
comes a jacket or shell for the contents of the 
ampoule. Ultimately, there will be an annular 
cake of desiccated blood residue within the cyl 
inder, encased within the cured H. E. S. men 
brane. It is therefore possible to remove the en 
tire charge as a cohesive, handleable unit. It 
may then be pressed into the desired shape, placed 
in a hermetically-sealed container, and stored 
until used. 
In practice, I much prefer to avoid the extra 

handling involved in removing the desiccated 
wound pad, shaping it, and re-packaging it, for 
reasons both of economy and sterility. Instead, 
after desiccation has been finished, I prefer to 
seal the ends of the ampoule in which the Wound 
pad was formed, so that this same ampoule be 
comes the package in which the wound pad is 
stored and sold. This may be done by removing 
the ported nipple 29 to which the vacuum line 
had been connected, and replacing the rubber 
cap 6. 
A better procedure, in my opinion, is to flame 

seal both ends of the wide-diameter Section While 
it is still under vacuum. A short section of flex 
ible tube 32 is inserted in the vacuum line for 
this purpose. When desiccation is complete, this 
flexible tube is clamped shut, and is removed from 
the vacuum line while still attached to the am 
poule by the short tube 33 and the ported nipple 
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29. Then the necks 5 are flame-sealed adjacent 
the shoulders 4, producing a pig-tail closure, 
most clearly seen in Figure 4, where the reference 
character 3 identifies it. 
At the time of use, the surgeon breaks the Seal 

(as in Figure 4) by freeing the collar 3 from the 
long end it of the ampoule. The short end 2 
of the ampoule is then withdrawn, leaving the 
short end of the wound pad 24 projecting from 
the region of the break. This is usually done in 
the Surgical pavilion at the time of an Operation. 
When the short end of the ampoule has been Con 
pietely removed, the surgeon, wearing Sterile 
gloves, grasps the wound paid by the short end, 
and slides the entire pad bodily out of its con 
tainer. The wound pad may then be applied to 
the injury. If it seems desirable first to modify 
its shape or general dimensions, so as to fit the 
contour of an incision, it is only neceSSary to 
press it manually into the shape desired. The 
membranous envelope is sufficiently strong to 
avoid crumbling or breaking of the desiccated 
material within it. 

It should be pointed out that the membranous 
envelope just referred to, and described in de 
tail in an earlier section of this Specification, per 
forms several quite important functions. In the 
first place, it facilitates separation of the Wound 
pad from the cylinder wall during desiccation. 
In its absence, the solution adheres to the cylinder 
wall irregularly-so that as the annular cake 
shrinks during desiccation, it adheres in Some 
places and pulls away in others, fracturing into 
relatively large chunks in So doing. In the Second 
place, the membrane serves as a jacket for the 
pad, lending tensile strength and also helping 
to confine any desiccated material which may be 
present in free particle form after the pad has 
been removed from the cylinder. It would be dif 
ficult to press the wound pad into Special shapes 
without crumbling it or breaking it, if the nem 
brane were not present. Also, I believe that, 
under vacuum, separation of the membrane from 
the cylinder wall facilitates desiccation, by per 
mitting Withdrawal of vapor from the periphery 
as well as from the center of the pad. 
But over and beyond these important functions, 

the membrane serves a very significant purpose 
in the use of the pad during healing. This is a 
most interesting aspect of the present invention. 
Subjecting the solution applied to the cylinder 
Wall to the action of alcohol innparts to the men 
brane a certain degree of resistance to dissolution. 
Upon the addition of water, the desiccated residue 
of an H. E. S. solution is dissolved, in the ab 
sence of this membrane, in a matter of Seconds, 
or at the most, minutes. Wherever there is an 
injury in living tissue, the adjacent areas Will be 
suffused with blood, which is predominantly acque 
ous. If it were not for the Water-resistive char 
acteristics of the membranous envelope, the Sub 
stance of the wound pad might be hydrated too 
quickly. 

It is possible to increase or diminish the de 
gree of resistance to absorption simply by regul 
lating, first, the thickness of the membranous 
envelope referred to, and second, the length of 
time for which it is exposed to the action of alco 
hol. Thus it is possible to coat the inside of the 
cylinder rather lightly, immersing it in alcohol 
for a relatively brief interval, and thus produce 
a jacket for the wound pad which will dissolve, 
comparatively Speaking, in a very Short time. 
This is desirable, particularly where a Superficial 
injury is to be dressed, because the material With 
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in the membranous envelope possesses even 
stronger hemostatic properties than the envelope 
itself. When stanching the flow of blood is of pri 
mary importance, a relatively readily-soluble en 
velope is obviously to be preferred. Where some 
What deeper injuries are being treated, it is not 
only desirable to arrest: the flow of blood; it is 
also quite highly desirable to preserve the struc 
ture of the Wound pad itself, because the mate 
rial of Which it is composed can and will be uti 
lized by the body in the formation of new tissue. 
It is as though one had supplied a food for liv 
ing cells Which they seem to be capable of absorb 
ing directly. Where the wound pad is used in 
this way, it is desirable that the membranous 
envelope should retain its resistance to the Solu 
bilizing effect of bodily fluids for a longer inter 
val, so that the substance of the wound pad 
Will not be quickly hygirated and carried away 
from the wound, but will be gradually absorbed, 
right at the site of the injury. 
Where the incision is a deep one, as in abdomi 

inal Surgery, absorption should proceed still more 
slowly, So that the substance of the wound pad 
may be kept in place, to exert a maximum of its 
beneficial healing action over the longest possible 
interval of time. 

it is my belief that hospitals and surgeons will 
find it desirable to keep on hand at least three 
grades of Wound pads made according to this 
proceSS, One grade being absorbable quite shortly 
after application; another persisting long enough 
for tissue to recuperate sufficiently to permit am 
bulation of many post-operative patients, and 
the third having a “life expectancy' of many 
days or possibly even Weeks. 
The foregoing comments illustrate a preferred 

embodiment of my invention. Variation of pro 
cedure may be employed, within limits, without 
departing from the spirit. This is especially true 
of the manipulative steps, which are presently 
performed mainly by hand, but which seem to he 
readily adaptable to mechanical operation. I 
contemplate several modifications along this line, 
Such as the use of power-rotated quick-acting 
chicks, to seize and spin the ampoules; of auto 
matic traverse mechanism to control the injection 
of H. E. S. Solution during freezing; and of meter 
ing injectors to secure controlled discharge of 
a predetermined quantum of fluid. Unitary am- it 
poules could be used with such equipment, espe 
cially if an air injector were employed to facili 
tate drying after the alcohol treatiment, in which 
case a fracture line would be inscribed in place of 
the collar 3. - 

Physiological alterations are also possible. One 
Such adaptation which I have used is to incorpo 
rate glucose in the hemoglobin-electrolyte-stroma 
Solution eInployed to form the membranous en 
velope. I find that additions in the neighborhood 
of 8% of glucose may be used to advantage, where 
the presence of glucose is indicated. 
The “alcohol' which I prefer to use is nae 

dicinal alcohol, preferably ethyl alcohol. This 
may be obtained at various concentrations, as 
is well known. It is desirable to utilize relatively 
concentrated forms-say 75% CH5OH, and up 
wards, although it is by no means necessary to 
use absolute alcohol. If Solutions of lower con 
centration than 75% alcohol are used, some of the 
H. E. S. film ray diffuse into the liquid when the 
cylinder is dipped therein, and, if glucose is pres 
ent, some of it will do likewise. Moreover, the 
toughening or "curing' action is influenced by 
the degree of concentration of pure alcohol pres 
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mitted to remain there. 

10 
ent. The more dilute the alcohol solution, the 
longer it takes to “cure' the membrane. 
Although ethyl alcohol is preferred, isopropyl 

alcohol, one of its homologues, may also be used. 
It toughens the film and imparts resistance to 
absorption, but tentative conclusions are that 
clinical effectiveness may be somewhat reduced 
When it has been employed. Mixtures predomi 
nantly of ethyl alcohol and containing relatively 
ininor announts of iso-propyl alcohol yield results 
which compare favorably with those secured with 
ethyl alcohol alone. 

It is also possible to incorporate certain drugs, 
medicines, or biologicals in the hemoglobin-elec 
trolyte-strona, Solution before desiccation, or to 
place then in the hollow core of the Wound pad 
after desiccation. Such additions, however, 
should be selected with care, so as to ensure Com 
patibility, both as to chemical composition and 
as to biological effect, with the hemoglobin 
electrolyte-stroma constituent. My Patent No. 
2,477,171 describes and claims the combination 
of an hemoglobin-electrolyte-stroma, Solution 
With penicillin. Such a solution may be utilized 
in forming the Wound pad of the present inven 
tion, with very satisfactory results, Where the 
employment of an antibiotic is indicated. 
Streptomycin is similar in effect. Delayed action 
medication is possible, by placing a desired 
medicament, in dry form, or, in Small quanti 
ties, in liquid form, or even in capsules, in the 
hollow core of the wound pad. Preferably, this 
is done at the time of use, and the ends of the 
wound pad are squeezed together, thereafter, So 
that much of the wound pad will have to be 
absorbed before, the capsule is dissolved or the 
medicament is released. 

In summary, it will be seen that a new surgical 
instrumentality of considerable utility has been 
created. Since it contains all of the constituents 
of blood and no reaction products hostile to blood, 
it is as much at home in living tissue as if it had 
been whole blood administered by transfusion. 
Yet it is, I think, more useful than transfused 
blood, for it can be utilized without limitation as 
to the blood type or RH factor of either the 
patient or of the original donor. Furthermore, 
the stroma, being in a state of submicroscopic 
disintegration, is apparently in a form which 
makes it directly available to living cells, without 
assimilative action being needed elsewhere in the 
body. It is more useful than plasma, for it con 
tains not only the life-giving heinoglobin but also 
the tissue-building strona, not to mention the 
blood electrolytes. Furthermore, it is not car 
ried more or less at random to the site of the in 
jury. (as with intravenous injections), but is ap 
plied precisely at the point of need, where much 
of it is directly used, and from Which Sone of it is 
diffused, with beneficial effect upon surrounding 
tissue. To these advantages must be added the 
effectiveness of the wound pad in curtailing loss 
of body fluids-its hemostatic action-its capacity 
to absorb fluids which are released, and its ca 
pacity to be absorbed gradually, so that it may 
quite safely be embedded in living tissue and per 

The potential uses of 
this wound pad as a medium for applying other 
therapeutics are also wide indeed. 

Alteration in resistance to absorption may be 
capable of precise control. At present, however, 
factual data, is insufficient to present the full 
range of possibilities. Using an ampoule of the 
size and shape herein described, if 3 cc. of f. E. S. 
solution is employed to form the lining film. Or 
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coating, and exposure to alcohol is continued for 
10 minutes, the film will be light pink in color and 
Will be quite translucent. The wound pad will 
resist absorption for almost two days if applied to 
a Superficial injury. If the amount of solution 
used to form the film is doubled (application in 
two Stages is recommended under such circum 
stances) and exposure to alcohol is also doubled, 
the film is deeper in color and transmits notice 
ably less light. A wound pad encased in such a 
membrane Will not be completely absorbed at the 
end of five days when applied to a superficial in 
jury, but will be absorbed within that time if 
implanted in the abdominal cavity. Using 9 cc. 
of blood Solution, in three applications of 3 cc. 
each, With 10 minutes of exposure to alcohol after 
each application, a film will be produced which 
is deep red in color and only slightly translucent. 
A wound pad having a membranous covering of 
this character, implanted in the abdominal cavity, 
may resist complete absorption for ten days or 
Oie. 

Numerous departures from the comparative 
illustrations given just above have been made, 
and all tend to confirm the view that careful 
Control of the amount of solution used and time 
of alcohol treatment can be relied upon to pro 
duce a predetermined absorption time with con 
siderable accuracy. As a general rule, exposure 
to alcohol should be continued for a longer time 
where a thick film is applied in a single stage 
than where a film of the same thickness is ap 
plied in two stages. Thus, in the third example 
given above, if 9 cc. were applied in a single 
Stage, the alcohol treatment would have to be 
continued for almost an hour, instead of thirty 
minutes. 
I claim: 
1. A Surgical wound pad comprising a porous 

body of desiccated organic material absorbable 
in tissue fluids, having adhered to at least, a 
major portion of its outer surface a relatively 
non-porous coat comprising the same organic 
material but in a state less readily absorbable in 
tissue fluids than said body. 

2. A Surgical Wound pad as defined in claim 1, 
having a centrally disposed cavity therein. 

3. A Surgical wound pad as defined in claim 2, 
wherein the porous body is composed entirely of 
constituents of animal blood. 

4. A Surgical wound pad as defined in claim 1 
having its porous body composed of constituents, 
including at least hemoglobin, of animal blood. 

5. A Surgical wound pad as defined in claim 1, 
in which the non-porous coat comprises the 
product which results from exposing to alcohol a 
Solution of red blood constituents. 

6. A Surgical wound pad having an inner body 
and membranous material adhered to at least 
the major outer surface areas of said body, char 
acterized in that it is composed primarily of the 
desiccated residues of the corpuscular portion of 
animal blood, both in its inner and in its outer 
portions. 

7. A Surgical wound pad as defined in claim 
6 characterized in that it is completely absorb 
able in tissue fluids. 

8. A Surgical Wound pad as defined in claim 
7, in which the inner body is porous and hydro 
Scopic and the membranous material is relatively 
non-porous, and relatively resistant to hydra 
tion. 

9. A Surgical Wound pad as defined in claim 
7, in which the membranous material comprises 
the product which results from applying alcohol 
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2 
to a film of blood solution and evaporating said 
alcohol in the presence of air. 

10. A process for producing a Surgical wound 
pad, which process comprises the steps of dis 
tributing a Solution containing the Corpuscular 
constituents of blood over the inner Surface of 
a sterile vessel to form a film, applying alcohol 
to the film so formed, evaporating the alcohol in 
air, and forming a body of dry therapeutic ma 
terial. Within said film. 

11. A process according to claim 10, in which 
the body of therapeutic material comprises the 
corpuscular constituents of animal blood. 

12. A process according to claim 11, in which 
the corpuscular constituents of animal blood are 
introduced within the confines of the film in a 
fluid state and are Subsequently desiccated. 

13. A process for producing a Surgical Wound 
pad, which process comprises the steps of dis 
tributing a solution containing the corpuscular 
constituents of blood over the inner Surface of a 
tubular glass vessel to form a tubular film, 
treating the film so formed with alcohol and 
evaporating the alcohol to transform the filin 
into a tubular membrane, infilling the membrane 
with a tubular annulus of frozen material coin 
prising the corpuscular constituents of animal 
blood by spraying such constituents in fluid 
form radially outwardly from the tubular axis 
while applying refrigeration at temperatures of 
the order of -70° C.; and then desiccating the 
material so frozen by sublimation under Vacuuin 
in the frozen State. 

14. A process according to claim 13 which in 
cludes the step of flame-sealing the glass vessel 
While still under Vacuum. 

15. In the process of desiccating animal fiuid in 
the frozen state by vaccum, the steps which Con 
sist in chilling the space within a tubular vessel 
by application of a refrigerant to the outer Sur 
face of said vessel, introducing the animal fluid 
axially of said vessel, and spraying it generally 
radially outwardly towards the inner periphery 
of said vessel whereby to distribute said fluid as 
an annular film within said vessel, the process 
being characterized in that the rate of Spraying 
and the temperature of the refrigeraint are SO 
correlated as to produce extremely rapid freezing 
of said film, and being further characterized in 
that introduction of fluid is continued, forming 
annular films which freeze to the annular film 
previously formed, until a substantial body of 
frozen material having an axially disposed chall 
nel therethrough has been provided. 

16. The process of claim 15 in which the tu 
bular vessel is partially immersed in the reflig 
erant and is subjected to rotation about its major 
axis during spraying and freezing of Said fluid. 

17. The process of claim 15, in which the film 
is formed by axial traverse of nozzle means. 

18. The process of claim 16 in which the fill 
is formed by axial traverse of nozzle means. 

19. The process for producing a Wound pad 
having hennostatic properties, which process com 
prises the steps of; introducing a preparation 
containing red blood cells in the state of a Solu 
tion into a vessel producing a film Of Such Solu 
tion by distributing it over the inner surface of 
said vessel; applying alcohol to the film, and 
evaporating the alcohol in the presence of air, 
whereby to transform the film into a cured men 
braine; introducing a quantity of the solution first 
mentioned within the membrane; distributing 
said solution in a layer within said membrane 
and freezing said layer immediately after its 
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formation; repeating said introduction, distribu 
tion, and freezing steps until a substantial body 
of frozen material has been built up, but leaving 
an axially extending vapor channel through said 
body of frozen material; and thereafter desiccat 
ing the frozen material by the sublimation of its 
Water content in Vacuo. 

20. The process of claim 19, in which desicca 
tion is carried out attemperatures at least as Cold 
as -70° C. 

2i. Apparatus for producing a wound pad com 
prising a tubular vessel provided with tubular 
trunnions at either end, a refrigerant chamber 
having means for Supporting said trunnions with 
the vessel in a horizontal position, pump means 
for injecting an animal fluid under pressure into 
Said vessel, and a hollow retractable conduit 
member extending from said pump means into 
Said vessel through one of said tubular trun 
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4. 
nions, and having Spray nozzle means at least 
adjacent its delivery end. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Nane Date 
779,338 Williams ----------- Jan. 3, 1905 

2,254,915 Sawyer ------------ Sept. 2, 1941. 
2,310,082 Holbrooke ---------- Feb. 2, 1943 
2,380,823 Brown ------------- July 31, 1945 
2,448,153 Reid --------------- Aug. 31, 1948 
2,492,458 Berling, Jr. --------- Dec. 27, 1949 
2,518,123 Chavanon ---------- Aug. 8, 1950 
2,533,004 Ferry et al. -------. Dec. 5, 1950 

FOREIGN PATENTS 
Number Country Date 

865,377 France ------------- Feb. 24, 1941. 

  


