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In neurosurgery, there are several types of
bleeding for which the hemostatic agents now in
general use are not satisfactory. By far the
most common is capillary oozing. The control
of such oozing in the dura, brain, spinal cord, and
especially the beds of intracranial tumors, fre-
quently prolongs neurosurgical procedures and
at times is difficult, if not impossible, to stop
completely. Another type of bleeding for which
the common hemostatic agents are not satisfac-
tory is that from the dural sinuses and other large
venous channels where ligature cannot be ap-
plied. The various substances which have been
employed in these situations up to the present
time have been discussed elsewhere (1, 2).

When fibrin foam was prepared by Bering (1)
from the products of large scale plasma frac-
tionation (2, 3), the investigation of its uses in
neurosurgery was undertaken, along with a study
of the tissue reactions to its presence. There
are now available for evaluation both clinical
material and a series of experimental studies in
monkeys.

CLINICAL MATERIAL

Fibrin foam and thrombin have been used for
the control of bleeding in 170 neurosurgical pa-
tients at the Peter Bent Brigham Hospital and
The Children's Hospital, Boston.

I This work has been carried out under contract, recom-
mended by the Committee on Medical Research, between
the Office of Scientific Research and Development and
Harvard University.

2 This paper is Number 26 in the series "Studies on
Plasma Proteins" from the Harvard Medical School, Bos-
ton, Massachusetts, on products developed by the Depart-
ment of Physical Chemistry from blood collected by the
American Red Cross.

The thrombin is dissolved in 30 cc. of saline
solution at room temperature and foam soaked
in this solution a few minutes before use. The
technic of application to the bleeding point neces-
sarily varies with the circumstances. In general,
the area has been dried by suction, the moist foam
applied, and a cotton pattie held over the foam
until it has become adherent. The foam, applied
in this way, has proved to be very effective in
controlling oozing from the outer surface of the
dura, bleeding from the substance of tumors, and
from the tumor bed after removal, as well as
from larger vessels, such as large superficial cor-
tical veins and even from dural sinuses.

The material has been left in place in all of
these patients in amounts varying from small
fragments to a mass the size of a golf ball. In
no instance has there been any clinical evidence
of cortical irritation. Furthermore, in those pa-
tients in whom the operative field was seen after
14 hours to 81 days, either at secondary opera-
tion (15 patients) or at autopsy (4 patients), there
was no evidence of an inflammatory reaction or
other unfavorable result.

The following case history is given to illustrate
its use:

A 36-year-old housewife was admitted October 16, 1943
because of failing vision. Two years and four months
previously glasses had been fitted but she was not aware
of loss of visual acuity until 5 months ago. There had
been a mild personality change, of which the patient was
not aware, through a 2-year period. Mild headaches had
been associated with menses for many years. Examina-
tion showed almost total loss of vision in the right eye and
ability to count fingers at one foot with the left eye.
Roentgenograms revealed erosion of the sella turcica and
slight thickening of the right frontal bone. A diagnosis of
meningioma was made and a right frontal bone flap was
turned down. The tumor involved the frontal bone and
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dura down to and into the right frontal sinus. The in-
volved bone and dura were resected and the large vessels
around the tumor clipped or coagulated. A mass filling
the entire fossa and displacing the falx to the left of the
midline was then mobilized and lifted out. A large ball
of foam was immediately placed in the tumor bed which
was bleeding freely from numerous points. This was held
in place with a piece of lintine (cotton) for several minutes
and the central portion of the foam mass then pulled gently
out leaving a thin shell of the material lining the bed. At
this point there was no bleeding. The cavity was filled
with saline, the dural defect replaced with fibrin film (de-
scribed below) and the flap closed. Recovery was un-
eventful. Histological diagnosis: Meningioma.

(Note: There is no reason why the entire mass of foam
should not have been left in place if necessary. The use
of the foam made it possible to remove the entire tumor
at one time and to leave the tumor bed entirely free from
oozing. This was, moreover, accomplished in a much
shorter time than would have been possible without the
use of the foam.)

TISSUE REACTIONS OF FIBRIN FOAMSIN

HUMANPATIENTS

Fibrin foams before implantation. Samples of
fibrin foams were fixed in Zenker's fluid, em-
bedded in paraffin, cut, and stained with phloxine-
methylene blue. Under these circumstances, the
foam was found to consist of a network of dark
blue fibers with clear interstices. This is a two-
dimensional picture; in three dimensions, the
structure of the foam would be more like a
honeycomb. There was a close similarity in
staining reaction between the fibers of the foam
and the fibrin of spontaneous blood clots. How-
ever, the fibers of the foam were coarser and more
homogeneous than were the fibers of freshly
clotted blood.

Tissue reactions in human patients. Wehave

FIG. 1. Low POWERPHOTOMICROGRAPHSHOWINGFIBRIN FOAMON THE
SUPERIOR SURFACEOF THE DURA

The specimen was obtained at autopsy, 14 hours after operation. The illustration
shows the histological appearance of the foam and the lack of immediate reaction in
this patient.
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FIG. 2. PHOTOMICROGRAPHSHOWINGA SMALL FRAGMENTOF FOAM IN A SPECIMEN
OBTAINED AT SECONDARYOPERATION 24 DAYS AFTER THE ORIGINAL OPERATION

This was the only fragment of foam identified.

had the opportunity to study the tissue reactions
to fibrin foams in 19 human patients. In these
patients, foams were removed at secondary oper-
ations or (in 4 instances) at autopsy. The length
of time that the foam had been in contact with
the tissues varied from 14 hours to 81 days.
Figure 1 shows the appearance of foam, which
had been applied to the dura at operation, 14
hours before death. The appearance of the
fibers of the foam was essentially the same as
before it had been in contact with the tissues.
The interstices, however, had become filled with
clotted blood. There was no reaction in the
tissues. The complete absence of tissue reaction
in this specimen may be due in part to the poor
general condition during the 14 hours that the
foam was in contact with the dura.

In a specimen of foam obtained 3 days after
it had been left on the dura, the total amount of
foam was much less than that originally placed
there at the time of the operation but consider-

able numbers of fibers were easily identified.
The foam became eosinophilic at the periphery
where it was in contact with living tissues; except
for this narrow zone, the foam retained the same
appearance as it had before it was placed in the
patient. About the foam, there were moderate
numbers of polymorphonuclear leukocytes and
lymphocytes. Also present were scattered mono-
nuclear cells which contained homogeneous eosin-
ophilic material, judged to be minute fragments
of foam.

No large fragments of the foam were found in
any of the specimens except those recovered at
14 hours and at 3 days. In specimens obtained
from 7 to 24 days after they had been left in place
at operation, either a few very small fragments
were present or no trace of foam was found.

Figure 2 illustrates the only remnant of the
foam which could be identified 24 days after a
large amount had been used to control oozing
from the dura. There was a small mat of fibrous
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tissue about the fragment and a few mononuclear
cells were seen. The material about the frag-
ment was mostly fresh blood from the second
operation at which the tissues were removed.
Since the foam was used to cause the coagulation
of blood, it was inevitable that the foam should
at once be surrounded by blood clot. There
would be a considerable number of fibroblasts
produced in the organization of the blood clot.
Hence, it was impossible to determine how many
of the fibroblasts were due to the presence of the
foam and how many to the blood clot. It ap-
peared from this and other specimens, that the
tissue reaction to the foam was less than to a
blood clot of comparable size.

Figure 3 shows a portion of cerebral cortex on
which fibrin foam had been used as a hemostatic
agent 81 days previously. No trace of foam re-

mained. While the fibrous tissue of the arach-
noid was somewhat increased, this was not in
excess of that expected from the operative pro-
cedure alone. There were no tissue changes
which could be definitely related to the fibrin
foam anywhere in the specimen.

ANIMAL EXPERIMENTS

A series of animal experiments was also carried
out to determine the local reaction of cerebral
tissues to foam and thrombin. For this study,
37 monkeys (Macaca mulatta) were used to test
6 standard conditions. These not only provided
an opportunity to study the tissue reactions to
fibrin foam but also included an opportunity to
compare the tissue reaction due to foam with
that due to soluble cellulose. In each animal,
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FIG. 3. PHOTOMICROGRAPHOF MENINGESAND CEREBRALCORTEXSHOWINGTHE SITE
AT WHICH FIBRIN FOAMHAD BEEN PLACED 81 DAYS PREVIOUSLY. No RESIDUAL FoAM
WASIDENTIFIED.

While the fibrous tissue of the meninges was increased, the amount was not in excess of
that which could be accounted for by the operative procedure alone.
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bilateral craniotomies were performed, the dura
opened and the parietal lobe exposed. Foam
and thrombin were placed (1) on the normal
cortex, (2) on cortex damaged by multiple needle
wounds which produced bleeding, and (3) within
the substance of the parietal lobe at a depth of
3 to 4 mm. Since it would obviously be desirable
to use the material in compound head injuries
with gross contamination, particularly under war
conditions, the same procedures were carried out
using foam and thrombin in combination with
sulfadiazine and again with penicillin. The ani-
mals were sacrificed at periods varying from 3
hours to 3 months. There was no physiological
evidence of cortical irritation or other untoward
effects in any of these animals.

When the monkeys were sacrificed, the skulls
were fixed in 10 per cent formalin after excess
tissue had been trimmed awav. The skull was
then dissected away so that the relationship of
meninges and cerebral cortex could be studied
wvithout distortion. Blocks of tissue were then
cut, embedded in paraffin, and stained with
hematoxylin and eosin.

The earliest tissue reaction in the meninges was
the appearance of small numbers of mononuclear
cells and polymorphonuclear leukocytes. This
was followed by a rapid disappearance of the
foam with condensation into a more compact
mass. The cellular infiltration, never extensive,
became minimal and there was a slight prolifera-
tion of fibrous tissue. Only very small bits of
foam were present after 1 week and no fragments
at all could be identified at 3 weeks.

When relatively large pieces of fibrin foam
(4 X 4 X 6 mm.) were inserted directly in the
substance of the cerebral cortex, these disap-
peared at least as rapidly as on the meninges.
The maximum tissue reaction noted in any of
these monkeys was a slight gliosis at the site of
implantation of the foam.

Some of the experiments were planned to pro-
vide a basis for comparison of the tissue reactions
of fibrin foam and of soluble cellulose soaked in
human thrombin solution. All the monkeys in
this group had identical operative procedures on
each side of the skull as outlined above, but fibrin
foam was implanted on one side and soluble
cellulose soaked in thrombin on the other. In
2 monkeys, there were adhesions between the

arachnoid and dura on the side on which soluble
cellulose soaked in thrombin had been placed
but no adhesions on the opposite side, where
fibrin foam had been implanted. The extent of
tissue reaction and rate of absorption were other-
wise quite similar with the two hemostatic agents.

When sulfadiazine was placed in experimental
wounds containing fibrin foam, there were no
detectable changes in the physical characteristics
of the foam or in the character or extent of the
tissue response. In experimental wounds con-
taining both fibrin foam and penicillin, the prop-
erties of the foam were unchanged and the tissue
response was not altered.3

COMMENT

From the clinical point of view, fibrin foam
has proved to be a valuable hemostatic agent in
neurosurgical procedures. It is readily prepared
from the dry state in the operating room and the
thrombin dissolves quickly. Very little delay,
therefore, is occasioned in preparing the material
even when vigorous bleeding is encountered un-
expectedly.

By the use of the foam and thrombin, as out-
lined in preceding paragraphs, complete control
of oozing is secured. This applies not only to
bleeding in such situations as the dura where the
more conventional methods are adequate but
time consuming, but also to such locations as the
beds of neoplasms, where the conventional agents
are not always satisfactory. It is also of great
assistance in controlling more vigorous bleeding
from large venous channels, such as the dural
sinuses and cerebral veins. Fibrin foam, how-
ever, is seldom effective in the management of
bleeding from large arteries.

The material has a conspicuous advantage over
muscle in that it could be made easily available
in any desired quantity and in that it causes less
tissue reaction than does muscle.

In this series of cases, the foam has frequently
saved considerable time and has made it possible
to accomplish complete extirpation of a tumor
which might otherwise have been impossible or

I The penicillin was provided by the Office of Scientific
Research and Development from supplies assigned by the
Committee on Medical Research for clinical investigations
recommended by the Committee on Chemotherapeutic and
Other Agents of the National Research Council.

595



ORVILLE T. BAILEY AND FRANC D. INGRAHAM

would have had to be divided into two or more
stage.

The tissue reactions to the foam are minimal
but not entirely absent. Not only are they
slighter than the reaction caused by human
muscle when used as a hemostatic agent, but
they are also considerably less than those caused
by silk and catgut sutures or bone wax. The
amount of fibrous tissue produced is more nearly
comparable to that resulting from the organiza-
tion of a small blood clot. As a matter of fact,
it is difficult to determine whether the small
amount of fibrous tissue left at the site of im-
plantation of foam is due to the foam itself or to
organization of the blood clot which the foam
has induced. It is possible that these minimal
tissue reactions may be further reduced by
changes in the methods of preparation of the
foams so that they are absorbed even more
quickly.

The experimental evidence indicates that the
foam may be used in wounds treated with sulfa-
diazine and penicillin without change in tissue
reaction. Clinical experience in a few instances
is in accord with the experimental studies on this
point.

Additional illustration and discussion of the
utility of fibrin foam has been presented else-
where (1, 4).

SUMMARY

Fibrin foam has been tested under a variety of
experimental conditions in a series of monkeys.

The tissue reactions were minimal in all animals,
including those in which the foam was implanted
in conjunction with sulfadiazine and penicillin.

The foam was used in 170 neurosurgical pa-
tients, under varying conditions. Its rapid
hemostatic action has shortened many opera-
tions. In some instances, it has made successful
operation possible when other hemostatic agents
would have been inadequate.
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