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This invention relates to new and improved 
hemostatic compositions and specifically relates 
to such compositions that are absorbable in body 
fluids by physiologic processes. 

Various substances and compositions have 
been employed by members of the medical pro 
fession to control bleeding of Soft tissues and 
cut bone surfaces. Natural clotting agents such 
as striated muscle have been used, particularly 
in neurosurgery and in drill holes in bone. Cer 
tain plasma fractions have been used, and fibrin 
from whipped blood has been so prepared that it 
could be immediately plastered on bleeding Sur 
faces. Human fibrin foam has been used as a 
carrier of thrombin, and the fibrin foam has been 
used in the form of a dry, porous, brittle, Cream 
colored textile. Another plasma protein, throm 
bin, in a highly potent, purified, Water-Soluble 
form has been used as a hemostatic Spray as 
well as in conjunction with human fibrin foam, 
but thrombin is unstable in aqueous Solution and 
cannot be heat sterilized in an autoclave With 
out destroying its activity as a hemostatic Sub 
stance. Fibrinogen in conjunction with thron 
bin has also been found useful in the formation 
of an adhesive layer to seal together cut Surfaces 
of soft tissues, notably a skin graft on a pre 
pared bed. More recently an absorbable Sub 
stance in the form of a sponge has been used and 
is prepared from a specially prepared gelatin 
solution which is further processed and sterilized. 
The gelatin sponge when dry is a light, off-white, 
reasonably tough, porous substance that may be 
readily cut by a sharp instrument into any de 
sired shape or size. This absorbable gelatin 
sponge is normally used in conjunction with 
a thrombin solution. The gelatin Sponge mixed 
with the thrombin solution is used by applying 
it to a bleeding area where it quickly limbibes 
blood which clots as it comes in contact with 
thrombin. Physiological absorption of the Sponge 
takes place in from 15 to 20 dayS. 
Another recent absorbable substance which has 

found acceptance by the medical profession as a 
hemostatic agent is oxidized cellulose. It was 
found that oxidized cellulose in the form of cot 
ton, paper, gauze, or a non-woven mass had 
hemostatic properties, and its use as a hemo 
static agent has been widely studied in a variety 
of animal and human tissues. The material Was 
demonstrated to be non-irritating and to disap 
pear in the tissue leaving a minimum of Scar. 
The control of osseous hemorrhage has pre 

sented a serious problem to the medical profes 
sion because the hemostatic agents found effec 
tive for the control of soft tissue hemorrhages 
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have not been effective for the control of bleed 
ing from cut bone surfaces. One class of mate 
rials used for the control of this latter type of 
hemorrhage is called bone wax. Bone waxes in 
common use today are prepared from refined 
Waxes of bees which have been admixed with 
Other non-absorbable and water-insoluble hydro 
carbons or vegetable oils. Bone wax has been 
used for the purpose of controlling hemorrhages 
from the cut Surfaces of bones, such as those of 
the skull, by forcibly Smearing the wax over 
the cut surface so that the material acts me 
chanically to occlude and seal the open ends of 
bleeding osseous vessels and sinuses. Such 
compositions have no specific hemostatic effect 
per se and quite often result in delayed healing 
because of their non-absorbable properties. Non 
absorbable bone waxes, since they are left in 
the Wound as a foreign body, frequently consti 
tute a troublesome barrier to subsequent Osseous 
union. Another disadvantage of non-absorbable 
bone wax is the danger of particles of the wax 
falling off the bone edge and lodging in the sur 
rounding tissue where they provide a foreign 
body response which retards healing and may 
result in an inflammatory tissue response. - 

It is an object of this invention to prepare a 
hemostatic composition which is completely ab 
sorbable by body tissues. 

It is another object of this invention to pre 
pare a hemostatic composition which quickly 
controls hemorrhages from the cut Surfaces of 
Soft tissues and more particularly bones. 

It is another and further object of this inven 
tion to prepare an absorbable hemostatic com 
position which possesses a specific hemostatic 
effect and is at the same time absorbable by physiologic processes. 

It is still another and further object of this 
invention to prepare an absorbable hemostatic 
composition which is readily sterilizable by ordi 
nary autoclaving procedures. 
Other objects will be apparent from the foll 

lowing description and examples. 
In accordance with the present invention it 

has been found that hemostatic compositions 
which have a specific hemostatic effect and in 
which the range of consistency varies from a 
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highly viscous liquid to that of a soft wax and 
from a soft Wax to that of a semi-solid or solid 
may be prepared which include as ingredients 
a water-soluble innocuous base and a hemostatic 
agent. The base may be a single substance or a 
mixture of two or more water-soluble innocuous 
substances, and the hemostatic agent is prefer 
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ably a single substance, but a combination of 
hemostatic agents may be used. 

Substances found suitable as bases include 
polymerized low molecular weight aliphatic gly 
cols such as polymerized ethylene glycol, and low 
molecular weight ethers or esters of polyglycols 
Such as the methyl, ethyl or propyl ethers of 
polyethylene glycols and the acetic or propionic 
esters of polyethylene or polypropylene glycols. 
Polymerized ethylene glycol is the preferred 
Water-soluble base, and polymerized ethylene 
glycols having a molecular Weight of from 200 to 
4000 and a consistency varying from a liquid of 
OW Viscosity to that of a solid wax have been 
used. A combination of two or more polymerized 
ethylene glycols having molecular weights with 
in this range may also be used, and for the prep 
aration of bone Wax it has been found preferable 
to use a polymerized ethylene glycol having a 
molecular weight of 1000 to 4000 in combination 
With a polymerized ethylene glycol having a no 
iecular weight of from 200 to 600. 

Hemostatic agents which have been found valu 
able for use in combination with a water-soluble 
innocuous base include oxidized cellulose, pectic 
acid, alginic acid and its salts including its cal 
cium SaltS as Well as a nitrated calcium salt of 
alginic acid and other alginic acid derivatives. 
The preferred absorbable hemostatic agent for 

use in combination with a water-soluble innocu 
Ous base is oxidized cellulose. The oxidized cel 
lulose which is used is that which results from 
the oxidation of cellulose with nitrogen dioxide 
as disclosed in U. S. Patent No. 2,232,990, issued 
February 25, 1941, and in the Journal of the 
American Chemical Society, volume 64, page 121, 
1942, and whose properties are disclosed in the 
Journal of the American Chemical Society, vol 
ume 64, page 127, 1942. Such an oxidized cellu 
lose is described as a homogeneous, alkali-Soluble, 
non-nitrated, undegraded cellulose. The oxida 
tion is disclosed as being accomplished by the use 
of gaseous nitrogen dioxide on cotton which re 
Sults in the oxidation of the terminal carbon 
atoms of the glucose units of cellulose with the 
resultant formation of carboxyl groups at the 
said terminal carbon atoms. Oxidized cellulose 
prepared by this method exhibits a carbon di 
oxide equivalency of at least 15% and a complete 
solubility in aqueous sodium hydroxide in 2% i 
concentration. It has been shown that oxidized 
cellulose having the above physical properties is 
completely absorbable by body tissues and that 
tissue slices utilize such oxidized cellulose as a 
nutrient Substrate. 
The preferred hemostatic formulation includes 

as ingredients polymerized ethylene glycol and 
oxidized cellulose. The oxidized cellulose is in 
the form of particles in the shape of rods which 
have an average diameter of 4 to 8 microns and 
an average length of 10 to 25 microns; the pre 
ferred average length is 15 to 20 microns, 
In compounding oxidized cellulose with poly 

merized ethylene glycol the former is added to 
the latter at a temperature below 100 C., and 
the addition is made while the polymerized eth 
ylene glycol is being efficiently stirred. It is pre 
ferred that the polymerized ethylene glycol base 
be a mixture of two or more polymerized ethyl 
ene glycol compounds of different molecular 
weights; one having a molecular weight between 
1000 and 4000 which has a wax-like consistency 
and one having a molecular weight of less than 
200 to 600 which is liquid in consistency. In pre 
paring a bone wax in which two polymerized 
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ethylene glycol compounds are used, the two are 
mixed and heated and a uniform melt is obtained 
With the temperature of the melt preferably not 
above 100° C. The melt is allowed to cool to a 
temperature below 100° C. and pulverized oxidized 
cellulose is then added while the whole is being 
stirred efficiently, and stirring is continued until 
the mass is in a semi-solid state in order that 
separation and Sedimentation of the oxidized cel 
lulose particles will not occur. 
The following examples of compositions, in 

which the parts are given by weight, comprising 
physical mixtures of polymerized ethylene gly 
col and oxidized cellulose, have been found Suit 
able for use as a bone wax. 

Eacample I 
Polymerized ethylene glycol having average 
molecular Weight of 1540----------------- 60 

Polymerized ethylene glycol having average 
molecular Weight of 300 ------------------ 10 

Oxidized cellulose ------------------------- 30 
Eacample II 

Polymerized ethylene glycol having an aver 
age molecular Weight of 4000 ------------ 35 

Polymerized ethylene glycol having an aver 
age molecular weight of 200 ------------- 35 

Oxidized cellulose ------------------------- 30 
Formulations may be prepared which are Satis 

factory as hemostatic agents for use in connec 
tion with hemorrhages of soft tissues and bone 
hemorrhages in which the base consists of a 
single polymerized ethylene glycol which has a 
molecular weight as high as 1500; but when a 
polymerized ethylene glycol is used which has 
a molecular weight higher than 1500, some low 
molecular weight polymerized ethylene glycol 
must be added as a softening agent. The low 
molecular weight liquid portion of the polymer 
ized ethylene glycol base may be present in an 
amount as high as 40% or 50% by weight if a. 
high molecular weight polymerized ethylene 
glycol is used which has a molecular weight of 
from three to four thousand. By increasing the 
liquid polymerized ethylene glycol constituent, 
the formulations are made softer; and by in 
creasing this ingredient still further, hennostatic 
compositions having a cream-like consistency are 
produced. A hennostatic formulation specifically, 
for use on cut bone surfaces is preferred to have 
a semi-solid consistency such that it can be 
kneaded between the fingers when at room tem 
perature. 
The hemostatic action of a therapeutic com 

position prepared according to the preceding ex 
amples depends upon the presence of both the 
polymerized ethylene glycol constituent or con 
stituents and powdered oxidized cellulose, since 
either of the compounds when used alone is not 
a satisfactory hemostatic agent, when applied to 
cut bone surfaces. Oxidized cellulose in powdered 
form when used alone does not adhere to bleeding 
cut surfaces of soft tissue or bone. Oxidized 
cellulose of itself has hemostatic properties, and 
the polymerized ethylene glycol with which it is 
intinately admixed and which is absorbable in 
body fluids enhances the hemostatic action of 
the oxidized cellulose by enabling it to come in 
close physical contact and actually to penetrate 
into Severed blood vessels at the surface of cut 
Soft tissues and into severed blood vessels and 
sinuses present on cut bone surfaces. The finely 
divided particles of oxidized cellulose which are 
then present at the openings and inside of blood 
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vessels and sinuses exert their hemostatic prop 
erties and effectively control bleeding. 
Chemical reactions of the clotting mechanism 

of blood are set up when blood contacts oxidized 
cellulose due to the hemostatic properties of 
oxidized cellulose. Oxidized cellulose combines 
chemically with the hemoglobin of the blood and 
forms a large molecule which agglutinates into a 
gelatinous mass which in turn acts mechanically 
to stop the flow of blood in the same way as a true 
blood clot. In order for oxidized cellulose to 
stop bleeding it must be in firm contact with 
blood for about two minutes since this amount of 
time is necessary for the process described above 
to proceed to a point where the agglutinated Sub 
stance can act mechanically to stop bleeding. 
The polymerized ethylene glycol of the composi 
tion, because of its water-soluble properties, en 
ables oxidized cellulose to remain in contact with 
blood issuing from the vessels of cut soft tissue 
and bone surfaces long enough for the above 
chemical reaction to Occur. 
In order for a clot to be effective in Stemming 

the flow of blood from a blood vessel or capillary, 
a clot must be produced inside a severed blood 
vessel since a clot on the surface of cut soft 
tissue or bone is readily and quickly removed 
from the site by the pressure of blood issuing 
from severed vessels. The intimate association 
of a water-absorbable base such as polymerized 
ethylene glycol with a finely divided hemostatic 
agent such as oxidized cellulose enables the par 
ticles of oxidized cellulose to enter blood Wessels 
at their severed ends when such a composition 
is smeared or rubbed over cut surfaces of Soft 
tissue and bones because the polymerized ethyl 
ene glycol dissolves in blood and penetrates into 
blood vessels and in doing so carries with it 
particles of oxidized cellulose. 
Since certain changes may be made in the 

proportions of the ingredients composing the 
hemostatic therapeutic composition, and since 
certain ingredients may be varied without de 
parting from the scope of the invention, it is 
intended that all matter contained in the above 
description shall be interpreted as illustrative and 
not in a limiting sense, but that the invention 
is to be limited only by the scope of the appended 
claims. - 

What is claimed is: 
1. A hemostatic composition for use in the 

control of tissue and OSSeous hemorrhage con 
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prising; as a water-soluble innocuous base, poly 
merized ethylene glycol having an average molec 
ular weight of approximately 1500; and, as a 
hemostatic agent, finely divided oxidized cellul 
lose intimately admixed therewith. 

2. A hemostatic composition for use in the 
control of tissue and OSSeous hemorrhage Com 
prising; as a water-soluble innocuous base, a 
mixture of a polymerized ethylene glycol having 
an average molecular weight of from 200 to 600 
and a polymerized ethylene glycol having an 
average molecular weight of from 1000 to 4000; 
and, as a hemostatic agent, finely divided oxi 
dized cellulose intimately admixed therewith. 

3. A hemostatic composition for use in the 
control of tissue and Osseous hemorrhage com 
prising; as a water-soluble innocuous base, a 
mixture of approximately 60 parts by weight of 
a polymerized ethylene glycol having an average 
molecular weight of approximately 1540 and 10 
parts by Weight of a polymerized ethylene glycol 
having an average molecular weight of approxi 
mately 300; and, as a hemostatic agent, 30 parts 
by Weight of finely divided oxidized cellulose with 
particles in the shape of rods having an average 
diameter of 4 to 8 microns and an average length 
of 10 to 25 microns intimately admixed therewith. 

JOHN HENDERSON. 
ALFRED BLOCH. 
HEREBERT L. DAVIS. 
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