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From the Depariment of Medicine, the Research Unit, New York Medical College.

Lange and Boyd (1) demonstrated by use of
the fluorescein method, that gangrene after
frostbite is due to a tremendous increase in
capillary permeability which leads to loss of
plasma from the blood stream into the tissue
so that the red cells silt up the capillaries due
to loss of suspending fluid. This red cell
sludge solidifies and is finally converted into
hyaline thrombi. These masses of aggluti-
nated red cells obstruct the blood stream
locally and lead to the gangrene of the de-
pendent tissue. Lange and Boyd(1) first
described that heparinization shortly after ex-
posure and to the extent that coagulation time
(Lee-White method) is never shorter than
22 minutes, prevented occurrence of gangrene

in 82% of frostbitten rabbit legs. Under
these conditions the red cell sludge does not
become compact nor adherent to the wall but
redissolves. Laufmann ef al.(2) confirmed
our findings in an entirely different set-up. He
stated that red cell sludge is not transformed
into masses adhering to the vascular wall
when sufficient amounts of heparin are given.
The necessity for an uninterrupted and fre-
quently checked maintenance of prolonged
coagulation time to prevent gangrene has been
stressed by us repeatedly(3,4).

Quintanilla ez al.(6) were not able to pre-
vent gangrene after frostbite in rabbits, but
they continued their treatment for 36 hours
only, without check on coagulation time and
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with apparently insufficient doses. They
tried to prevent the sludge formation by hep-
arin injections. Sludging, however, is not
prevented by heparin at all as shown by Lauf-
mann({2).

Lempke and Shumacker(7) showed that
in mice whose tails were exposed to frostbite,
a dose of heparin every 3 hours for 3 days
after exposure completely prevented gangrene
in 39% of the animals. Another 399% showed
minimal lesions. The control group showed
only 4.89% recovery. If the interval between
the heparin injections, however, was extended
to 4 hours, the loss of tissue was almost 3
times as great as in the group receiving hep-
arin at shorter intervals. No animals survived
without gangrene. After 3 hours, the coagu-
lation time of most of the animals was still
markedly elevated, while after 4 hours, the
majority of them had returned close to nor-
mal. This illustrates that good results can
be obtained only if the coagulation time is not
permitted to return close to normal.

Fuhrman and Crismon(8) have attempted
to prevent gangrene subsequent to frostbite in
3 rabbits by injecting 10 mg/kg of heparin for
3 days at 24, 12 or 8 hour intervals respective-
ly. This dosage is completely insufficient as
shown by Shumacker(9) as well as by us.
The results obtained are, therefore, without
significance.

Lewis(10) demonstrated that by giving
heparin initially and following up with dicu-
marol, he was able to save 60% of the tissue
that sloughed off in the controls. No data
about the dosage are available. Tt is difficult
to say whether it was sufficient to produce a
continuous and ample prolongation of coagu-
lation or prothrombin time respectively.

Most recently, Pichotka and Lewis(11)
concluded that the use of heparin in frostbite
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is of no value. In a previous personal com-
munication, Pichotka had told us that he has
been unable to produce a continuous prolong-
ation of coagulation time by the dosage we
used. We are not able to explain these dif-
ferences. Different strains of animals, feed-
ing and housing conditions, are important.
The dose used is unimportant, however, as
long as a sufficient prolongation of coagula-
tion time is maintained for 6 days after ex-
posure. Pichotka and Lewis state that they
could not prolong the coagulation time in their
animals continuously to the desired level.
Their results are, therefore, of value only in
the respect that they show that insufficient
heparinization does not prevent gangrene after
frostbite. It is interesting to analyze in detail,
however, the results of Pichotka and Lewis.
In their Table I, a group of 5 surviving
animals received 20 mg of heparin every 4
hours after frostbite. Athough this dosage
arrangement cannot be considered satisfactory
according to their statements, complete ne-
crosis occurred only in 40% of the treated
animals while the controls showed complete
necrosis in 79% of the animals. The other
groups with longer intervals between the injec-
tions failed to show any benefit. It is astonish-
ing to note that these facts have escaped the
attention of the authors and their statisticians.
The group which has the best, although not
satisfactory heparinization, comprises only 12
animals while the groups with completely
unsatisfactory heparinization comprise 30 and
39 animals respectively. All 3 groups are
then lumped together and failure of the treat-
ment is concluded from the average. In an-
other paper(12), the same authors report that
of 42 insufficiently heparinized animals, 76%
showed no secondary infections while the
non-heparinized group of 36 animals shows
absence of infection in only 44% of the cases
after frostbite exposure. The authors state
that they are unable to explain this difference,
but do not wish to attribute it to hepariniza-
tion.

In order to stress the importance of a con-
tinuous satisfactory elevation of coagulation
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TABLE I
Incidence of Gangrene After Frostbite in Relation to Prolongation of Coagulation Time.

Complete Extensive partial or
Tecovery complete gangrene
No. of — ™ ' A}
Therapy animals No. Y% No. %
Sufficient amt of heparin to keep co- 34 29 85 5 15
agulation time continuously above
30 min, for at least 5 days after
exposure
Heparin but with oceasional or com- 17 4 24 13 76
mon dips of coagulation time below
30 min.
None (controls) 32 — — 32 100

time to prevent gangrene after frostbite, the
following findings are presented.

One hind leg of each of 83 rabbits was im-
mersed in an alcohol dry ice bath at —12°C
to -30°C for 30 to 45 minutes using the
technic described by us(1,4,5). Fiity-one
animals were heparinized and 32 served as
controls, The strain of the rabbits varied
widely throughout the experiments. Small
albino rabbits as used in the Friedman test
were used initially and found to require ex-
tremely small amounts of heparin to main-
tain a sufficiently elevated coagulation time.
Later, mixed strains of rabbits were used re-
quiring widely varying amounts of heparin to
obtain the desired prolongation of coagulation
time, Finally, rabbits from one breeder of
the Blue Vienna strain were used, giving
fairly consistent results with a standardized
dose of heparin. While 14 (67%) of these
21 animals showed an elevation of the coagu-
lation time to at least 30 minutes (Lee-White
method) with a standard dose immediately
before the next injection, 7 (33%) fell short
of this goal at one, or more frequently, several
occasions on the same dose. While this is
given as an example, we shall refrain from
quoting doses of heparin since by injecting
similar doses, similar effects on the coagula-
tion time are not necessarily obtained. The
amount of heparin must be individualized in
each animal by variation of dose or prefer-
ably by variation of time interval between
injections. Heparinization was accomplished
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by individual injections into the ear vein in
44 animals. The actual number of animals
started on heparinization by repeated intra-
venous injections after exposure was 35.
Eleven died from severe hemorrhages before
the fate of the exposed leg could be deter-
mined with certainty. To avoid this difficul-
ty (which does not exist in treatment of hu-
man cases by continuous intravenous drip) 7
rabbits were kept on a continuous intravenous
drip into the ear vein while sitting in the con-
ventional rabbit box and having one ear fixed
to a splint attached upright to the upper
border of the box. The flow was adjusted to
a very small number of drops per minute. A
feeder and a watering device were attached to
the box. The rear end of the floor of the box
consisted of wire mesh heavily covered with
sawdust to permit drainage of urine. Only
female rabbits were used in this group. Each
day, the animals were taken out of the box
for Y4-hour, interrupting the infusion to per-
mit revision of the dressing and to prevent
contractures.

Exposures were carried out under light pen-
tothal sodium anesthesia since the animals
fight violently when exposed without anes-
thesta. It is difficult to understand how
Pichotka and Lewis(11) were able to expose
rabbits in an alcohol bath without anesthesia,
since great force is needed to restrain the
limbs thus producing strong local pressure and
a violent alarm reaction with the probable se-
cretion of large amounts of adrenalin. This
obviously should be avoided under all circum-
stances.
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All 32 control animals (exposed exactly like
the heparinized animals) showed gangrene to
the upper border of the exposed area. Nine-
teen animals were sacrificed between the 4th
and 6th day to obtain specimens for histo-
logic studies. They showed, however, clear-
cut signs of incipient gangrene and the histo-
logic studies bore out this ebservation. Of the
51 heparinized animals, 34 had a coagulation
time of 30 minutes or more immediately be-
fore the next injection was given or, in those
on the continuous intravenous drip, twice a
day (Table I). Seventeen showed at one or
several occasions a coagulation time below
30 minutes or even within the normal range.

Of the 34 animals showing a satisfactory
elevation of coagulation time for at least 5
days, 5 developed complete or extensive par-
tial gangrene (15%). Of the 17 animals
showing a coagulation time below 30 min. at
one or several occasions, 13 developed com-
plete or extensive partial gangrene (76%).

It is thus evident that a continuous satis-
factory elevation of the coagulation time of
various duration depending on the severity of
the lesion is a prerequisite for the successful
prevention of gangrene after frostbite. Experi-

ments in which this is not achieved are of no
value in judging the merits of the method.

We suggest that the term “heparinization”
be reserved only for such applications of hep-
arin therapy where there is proof of a continu-
ously maintained elevation of the coagulation
time. The term should not be used for cases
in which heparin is injected but proof of a
satisfactory result is missing.

Summary. 1. Prevention of gangrene after
severe frostbite requires a continuous uninter-
rupted prolongation of the coagulation time
by heparin injections or infusions for at least
5 days after the exposure.

2. Even brief interruptions of this prolong-
ation lead to a rapid increase in percentage
of failure of the treatment.

3. Experiments in which such a prolonga-
tion is not achieved continuously are of no
value in judging the merits of the therapy.

4, The term “heparinization” should be re-
served for such instances in which heparin
injections are proved to have produced a con-
tinuously maintained elevation of coagulation
time to the desired level.
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There exists a need for a simple and ac-
curate method for the analysis of nitrogen in
microquantities of protein, with particular ap-
plication to serological precipitates. Press-
man(1l) and Heidelberger and MacPher-
son(2) have described quantitative colori-
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metric methods which employ the Folin-Cjo-
caltéu phenol reagent(3) and require an em-
pirical calibration curve for converting the
phenol color readings to nitrogen or protein.
The precision and accuracy of these methods
can be readily obtained by the use of Nessler’s
reagent, with which nitrogen is measured di-
rectly as ammonia. The method described
below has been employed successfully in this
laboratory for the past two years, and certain
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