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Recent experimental and clinical studies have
demonstrated that especially prepared ossein
gelatin, administered intravenously, is a safe and
effective plasma substitute for use in the treatment
of shock and is useful in certain hypoproteinemic
states in man (I to 3). Other investigators have
suggested that gelatin shows some promise as a
source of nutritional protein for intravenous ad-
ministration (4, 5). It has seemed important
to us that these studies should be extended to in-
clude observations on the dynamics of the circu-
lation as affected by the intravenous infusion of
the gelatin colloid in man.

There are available a number of reports on the
circulatory effects of the intravenous infusion of
saline or glucose solutions (6 to 11) and of col-
loidal solutions such as whole blood, plasma, or
acacia (12 to 15). Wehave observed the changes
in pulse rate, blood pressure, blood volume, venous
pressure, cardiac output, hematocrit, and plasma
protein produced by the intravenous infusion of
gelatin in normal subjects, chronically ill patients,
and volunteers subjected to experimental hemor-
rhage. The effect of hemorrhage per se proved
to be of particular interest and has been the sub-
ject of a separate paper prepared in collaboration
with others who were concurrently engaged in the
study of this problem (16, 17).

Of the work reported here, the clinical studies
carried out on normal persons, on patients, and
on the volunteers after hemorrhage, recorded in
Tables II, III, and IV, were made by Doctors
Fletcher and Hardy. Unfortunately, these au-
thors were inducted into the armed forces before
the study was quite completed. The chemical
analyses were all performed by Dr. Riegel. The
estimations of blood volume were all made by Dr.

Koop. The special study on venous pressure
after gelatin infusion was carried out by Dr. Koop
with the kind assistance of Dr. R. L. Mayock.
Weare indebted to Dr. Isaac Starr for assistance
in the final preparation of the manuscript.

MATERIAL ANDMETHODS

The gelatin used in this study was specially prepared
for intravenous use by the hydrolysis of alkali-treated
long bone collagen under carefully standardized condi-
tions.1 The material was made up in a 6 per cent solu-
tion in 0.9 per cent saline and autoclaved in 500 ml. con-
tainers at 15 pounds pressure for 20 minutes.

It should be pointed out that several different prepara-
tions of gelatin are now under investigation. Since they
vary in respect to size of gelatin molecules and colloid
osmotic pressure, and, therefore, in their physiological
effects, the data presented herewith are to be considered
only in relation to the specific preparation described. The
gelatin solution used in these studies has been designated
P-20.

The normal subjects studied were healthy male volun-
teers between the ages of 18 and 50 years. A group of
5 chronically ill patients, ranging in age from 14 to 65,
were also selected for a study from the wards of the Uni-
versity Hospital.

In the hemorrhage experiments, venous blood was
drawn under mild suction through a large bore needle
into a graduated collecting bottle.

Estimates of the cardiac output were made by the use
of the ballistocardiograph, the results being calculated
according to the area method (18). The results are re-
ported as percentage deviation from an empirical average
normal value, the normal limits being +22 per cent.
These studies were carried out in the laboratory of the
Hartzell Research Department of Therapeutics through
the courtesy of Dr. Isaac Starr.

Specimens of venous blood were drawn with a mini-
mumof stasis at suitable intervals for the determination

1 Prepared and supplied by Dr. D. Tourtellotte, Charles
B. Knox Gelatin Company, Johnstown, N. Y.
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of the hematocrit and the concentration of plasma protein
and gelatin. Hematocrit determinations were made in
duplicate on oxalated blood in Van Allen tubes centri-
fuged at 2500 r.p.m. for 30 minutes. Analyses for plasma
protein and gelatin were carried out by differential pre-
cipitation and nitrogen determination by a Kjeldahl semi-
micro technic.

Estimates of the blood volume were made from the di-
lution of the dye T1824 by a technic modified from that
of Gibson and Evans (19).

Venous pressure was determined by an adaptation of
the direct method of Moritz and Tabora (20) using a
manometer filled with citrate solution and connected by
a 3-way stop-cock to the infusion apparatus. Subjects
lay supine, and the zero point selected was one-half of
the depth of the chest, measured from the angle of Louis
to the surface of the bed. No reading was accepted un-
less the respiratory variations could be clearly seen.

For some time, a single needle inserted in a vein was
used both to measure venous pressure and to introduce
the gelatin, and this is the technic usually adopted. Our
experiments had been nearly completed before the hazard
of this procedure was realized.

In every estimate of venous pressure by the technic of
filling a burette and allowing the fluid to run into the
vein as far as it will, the final reading should be cor-
rected for capillarity and resistance in the tubing and
needle. Thus, when the needle of our venous pressure
apparatus is immersed in a beaker of water and the stop-
cock opened, the column in the burette always comes to
rest above the water level in the beaker. The amount
of this difference, usually about 1 cm., was subtracted
from the burette readings to estimate venous pressure.
Eventually we realized that the viscous gelatin by stick-
ing in the needle might reduce its lumen and so increase
the magnitude of this correction for resistance. This
might, perhaps, account for the apparent increase in
venous pressure found after gelatin infusions by ourselves
and others. Therefore, experiments were designed to
test the matter.

TABLE I

Estimation of venous pressure in arm veins before and after
geatin infusion, using the needle through which gelatin had
been injected and also a clean needle of similar size

Before gelatin infusion After gelatin infusion

Venous pressure

Pa- Venous
tient Blood presure Blood "'Gelatin" "Clean"

vol- vol- needle needle
ume _ ume

Right Left Right Left Right Left
arm arm arm arm arm arm

cm. cm. cm. cm. cm. CM.
H2i0 HI HII H20 H0 Hi20

E. M. 2638 10.3 7.6 3040 9.3 8.1 9.6 9.0
L. A. 2638 6.5 3.7 3590 8.1 6.6 6.9 7.0
T. 0. 3.2 6.4 4.8 7.9 4.6 7.9

It was easy to demonstrate that such an error might
occur. The apparatus used for venous pressure was em-
ployed, the 20 gauge needle being immersed in a beaker
of water at room temperature (240 C.). A series of
readings showed that the burette column came to rest 0.9,
0.9, 0.8, 0.8, and 0.9 cm. above the fluid level in the beaker.
Then, mimicking the technic of intravenous injection,
250 ml. of gelatin was passed through the needle. After
this the column in the burette came to rest 3.5, 3.2, 2.9,
3.2, 3.0, and 3.0 cm. above the water level in the beaker.
Cleaning the needle restored the original resistance. The
failure to correct for such a change in resistance would
account for the increased value for venous pressure after
gelatin, recorded in several, but by no means all, of our
experiments.

However, the difference in resistance caused by gelatin
in the example cited was the largest we encountered in
many similar experiments with 20 or 19 gauge needles,
the size we employed for venipuncture. Furthermore, if
the needles were kept at body temperature by immersion
in water at 370 C., perfusing gelatin through them had
no noteworthy effect on the resistance of the system.
Also, the results obtained at room temperature were
most irregular and increases in resistance after gelatin
varied from 0 to 2.2 cm. Obviously, the result depends
on the many factors affecting the viscosity which varies
with the type of gelatin used, the temperature, the de-
gree of dilution with saline used to fill the tubing, and
especially with the cleanliness of the needle.

To study the matter further, venous pressures were
measured in both arms of 3 patients, before and after
infusions of gelatin. After the infusion, the estimate was
made by using the needle through which the gelatin had
been administered and also a second clean needle of simi-
lar gauge. The results, Table I, emphasize the variabil-
ity of pressures measured in different peripheral veins.
However, the averages showed that errors which could
be attributed to clogging the needle with gelatin were
negligible, so we accepted our results made with the orig-
inal technic.

RESULTS

A. Intravenous infusions of gelatin in normal
male subjects
The effects of 5 intravenous infusions of large

amounts of gelatin were observed in 3 healthy
male subjects. The data are presented in Table
II, and Figure 1 shows the averages of the results
obtained.

The 2 subjects who received gelatin twice ex-
perienced on each occasion a slight feeling of
tightness in the chest during the infusion and also
a throbbing headache which was most marked 3
or 4 hours after the infusion had been completed.
This gradually disappeared during the subsequent
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24 hours. There were no other untoward symp-

toms of any kind.
The results indicate that the pulse rate and

blood pressure of healthy persons were little
changed by a gelatin infusion. The average ve-

nous pressure was slightly increased by the infu-
sion. The average cardiac output was not in-
creased significantly immediately after the infusion
but it became so 3 hours later, being well above
normal limits at that time. This increase was

not found 24 hours later. The fact that the last
cardiac output was below the initial estimate is not
to be attributed to the gelatin, for apprehension

increases the cardiac output before most experi-
mental procedures, and this passes off as the con-

clusion approaches.
Hematocrit and plasma protein concentration

diminished markedly after the infusion. Indeed,
the plasma proteins never, and the hematocrit
only once, regained their initial values in 24 hours.

B. Intravenous infusion of gelatin in chronically
ill patients
Somewhat less complete studies of the circula-

tion were made during 6 infusions in 5 chronically
ill patients of the type to whom gelatin might be
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given therapeutically for its nutritional value.
The data are presented in Table III.

The outstanding feature in these cases was the
striking increase in cardiac output, which was

considerably greater than that observed in nor-

mal subjects receiving gelatin. The initial hyper-
kinemia, averaging + 39 per cent above average

normal, may be explained by the anemia and
emaciation of the patients, but excitement from
the impending injection may well have been a

factor also. That several of these patients had
marked tachycardia before the injection is to be
noted. In any event, the average cardiac output
at the completion of the infusion had increased
to + 72 per cent above the average normal, and
there was no febrile reaction nor, indeed, reaction
of any kind to which the increase could be
attributed.

C. Intravenous infusion of gelatin following acute
experimental hemorrhage
Twelve healthy male volunteers between the

ages of 18 and 50 were subjected to acute hemor-
rhage of measured amount. They were bled ap-

proximately 15 ml. per kilogram of body weight,
or between 16 and 20 per cent of the blood volume
as estimated from their weight. Bleeding re-

quired from 8 to 20 minutes.
Nine subjects were observed for periods not

exceeding 90 minutes after the bleeding. Each
of these subjects received an intravenous infusion
of gelatin amounting to approximately two-thirds
of the volume of blood removed. The infusion
was started about 15 minutes after bleeding had
been completed. It required about 15 minutes to
complete, and shortly thereafter the subjects were

allowed to leave the laboratory. Detailed studies
of the effect of acute hemorrhage in these and
other cases have been reported elsewhere (16, 22,
23). In summary, 5 out of 9. of our subjects
exhibited a pronounced fall in blood pressure

accompanied by pallor, sweating, bradycardia, and
reduced cardiac output. Venous pressure was

also reduced in most cases. There was a brief
loss of consciousness in 1 subject. These episodes
of circulatory collapse were of short duration,
and the subjects usually showed rapid spon-

taneous improvement even before the infusion of

TABLE II

Intravenous infusion of gelatin in normal subjects

Physical data Cardiac
Volume Time Periph- output,

Sub- of required Time of Pulse Blood eral deviation Plasma Plasma Hema-
ject Sur- gelatin for observation rate pressure !venous from protein gelatin tocrit

Weight Height face infused infusion pressure average
area normal

grams grams percent-
kgm. cm. sq. m. ml. min. mm. Hg mm. HI0 per cent per per age of

100 ml. 100 ml. cells
A. F. 77 187 2.03 1000 65 Initial 88 118/70 98 +30 7.33 39.0

After infusion 83 126/72 147 +37
4 hrs. later 83 124/66 +41 6.91 1.42 37.0

26 hrs. later 71 116/70 + 4 6.51 0.85 39.0

J. H. 73 180 1.92 1000 70 Initial 71 110/76 98 + 4 7.53 43.5
After infusion 72 100/70 148 0

3 hrs. later 79 120/80 144 +35 6.00 1.39 34.5
26 hrs. later 66 112/78 112 +13 6.44 0.79 37.0
52 hrs. later 62 114/74 134 0 6.56 0.75 36.0

J. W. 84 185 2.09 1000 120 Initial 72 118/66 140 + 4 6.45 40.0
After infusion 60 124/76 165 0

3 hrs. later 64 120/66 178 -2 5.27 1.37 35.0
24 hrs. later 63 122/68 144 + 9 5.99 1.03 37.5

A. F. 84 187 2.09 790 90 Initial 70 110/60 -125 +17 6.49 43.0
After infusion 63 116/68 t 197 +17

4 hrs. later 78 118/68 210 +24 5.61 1.12 32.5
28 hrs. later 62 114/70 g 145 -11 6.44 0.56 38.5

J. H. 84 180 2.09 750 90 Initial 70 110/76 110 +17 6.88 42.0'
After infusion 68 108/64 164 +30

3 hrs.later 81 114/84 +50 5.86 1.09 36.0
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TABLE III

Intravenous infusion of gelatin in chronically ill patients

Physical data Time Cardiac
Vol- re- Periph- output,

Sub- DiagnsD. Serum Hemo- umeof quired Time of Pulse Blood eral deviation
ject protein globin gelatin for observation rate pressure venous from

infused in- pressure average
Weight Height Age fusion normal

_ ~~~~grams|ll
kgm. cm. yrs. per100 Per cent mi. mix. mm. Hg mm. H20 per cent

Md.
L. R. 44 155 33 Carcinomatosis 3.8 64 500 60 Initial 125 120/74 +54

After infusion 122 118/72 +70

L. R. 44 155 33 Carcinomatosis 3.8 64 1000 150 Initial 120 90/70 +65
After infusion 127 110/74 +122

A. S. 49 165 65 Carcinomatosis 5.8 75 1000 120 Initial 82 120/70 92 - 4
Mild peripheral After infusion 85 126/74 164 +26

edema

J. S. 56 167 34 Subdural hema- 6.9 90 1000 90 Initial 72 110/68 95 +17
toma

Increased intra- After infusion 80 130/70 124 +37
cranial pressure 1 hour later 71 128/68 162 +39

G. B. 44 165 44 Hodgkin's dis- 6.4 50 1000 90 Initial 97 88/58 +78
ease, advanced After infusion 102 104/64 +104

3 hours later 102 98/64 +82

J. M. 49 157 14 Subacute glomer- 3.52 55 300 90 Initial 98 122/88 - 9
ulonephritis

Moderate edema After infusion 103 128/98 + 2

gelatin was begun. Nevertheless, the rapid in-
fusion of gelatin solution was always followed by
prompt and complete relief of symptoms, and
blood pressure, venous pressure, and cardiac out-
put were rapidly restored to values equal to, or

somewhat above, those observed initially. A
typical record is shown in Figure 2, and the
observations are recorded in Table IV. It will be
noted that the reduction of plasma protein and
hematocrit was considerably greater than dilution
by the volume of gelatin injected would account
for.

In contrast to results obtained on volunteers
bled a corresponding amount and not given re-

placement therapy (16), all of those receiving
gelatin were able to stand and walk without dizzi-
ness or faintness at intervals as brief as 30 to 45
minutes after a hemorrhage of 1000 ml. They
then went home, or continued their usual activ-
ities, and later reported no untoward symptoms of
any sort, with the exception of a rather severe

thrombosis of the injected vein in 1 case.

Three additional subjects were studied over a

period of 24 hours following hemorrhage com-

parable to that described above. One subject

(J. H.) received no replacement therapy. The
second (A. F.) received replacement with a vol-
ume of normal salt solution equal to the volume
bled. The third (T. N.) received gelatin replace-
ment equal to two-thirds of the volume bled.
These subjects took no food for 6 hours before
the experiment, but were allowed water as de-
sired at all times and food as desired beginning 3
to 4 hours after the hemorrhage. The results
obtained in J. H. have been recorded (16); but,
as they make an interesting contrast with those
secured in the 2 cases who received replacement
therapy, they have been summarized in Figure 3.

The effects of hemorrhage in these 3 cases were
similar to those observed in the other 9. All 3
exhibited a fall in blood pressure, bradycardia,
pallor, and sweating, accompanied by subjective
symptoms of faintness and nausea. There was a
brief loss of consciousness in one subject (T. N.).

The outstanding differences among these 3
cases are seen in Figure 3. Subject J. H., with
no replacement, showed only gradual hemodilu-
tion at a rate which suggested that the blood vol-
ume was still considerably below the initial level
20 hours after hemorrhage. A. F., after a rapid
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TABLE IV

Intravenous infusion of gekatin after acute hemorrhage

Physical data Volume bled

~~~~Vol- Cardiac

Percent- ume Periph- output,
Sub- age of 6 per Time of Pulse Blood eral deviation Plasma Plasma Hema-
ject Sur- blood cent observations rate pressure venous from protein gelatin tocrit

Weight Height face Amount volume gelatin pressure average
area esti- injected normal

mated
from wt.

grams grams percent-
kgm. cm. sq. m. ml. per cent ml. mm. Hg mm. H20 per cent per per age of

100 mi. 100 ml. cells
T. K. 84 175 2.00 1200 20 840 Initial 74 96/70 112 - 4 6.20 42.0

After hemorrhage 92 84/64 120 - 9 5.92 39.5
After gelatin 78 96/66 140 - 9 4.30 1.23 28.5

J. R. 82 185 2.06 1065 17 710 Initial 66 128/68 146 +13 6.36 42.0
After hemorrhage 69 130/70 146 - 2 5.53 39.0
After gelatin 72 130/70 150 +26 4.90 1.00 33.5

C. M. 61 170 1.72 900 18 600 Initial 71 120/78 164 + 4 6.98 36.0
After hemorrhage 53 58/40 124 -11
After gelatin 62 110/60 164 +13 5.13 0.87 28.0

B. B. 68 173 1.81 1020 19 680 Initial 77 114/60 +65 36.5
After hemorrhage 77 100/60 +30 35.0
After gelatin 69 108/58 +43 29.0

E. T.* 75 170 1.86 1050 19 750 Initial 89 130/80 +22 48.5
After hemorrhage 45 -39 45.5
After gelatin 76 120/70 - 2 37.0

H. G. 69 173 1.81 1000 19 710 Initial 71 118/70 140 +17 43.0
After hemorrhage 58 68/34 95 0 39.0
After gelatin 66 108/60 146 +13 33.0

R. C. 89 173 2.03 1020 17 680 Initial 67 120/60 140 -17 39.5
After hemorrhage 71 120/80 120 -13 37.0
After gelatin 77 120/60 +13 29.5

L. J. 73 180 1.92 1090 19 730 Initial 112 150/80 170 +48 40.0
After hemorrhage 111 130/80 140 +48 38.0
After gelatin 94 134/66 175 +35 30.5

W. C.t 76 178 1.91 920 16 760 Initial 74 130/80 +17 41.0
After hemorrhage 47 70/40 -17 39.5
After gelatin 78 130/70 +13 30.0

* Standing B.P. 108/80.

hemodilution due to the saline infusion, showed
no further hemodilution and, in fact, some hemo-
concentration during the next 12 hours. Subject
T. N., receiving gelatin replacement, showed the
greatest reduction of hematocrit and plasma
protein. The latter value found in the estimation
made 6 hours after the start, is so low that we

suspect an error although we were unable to find
it.

After the hemorrhage, as long as the 3 subjects
lay recumbent they were free of symptoms and
differences in their pulse rate, blood pressure, and
cardiac output were not conspicuous; but, as

soon as the subjects arose, the differences were

very conspicuous. The subject who had received
gelatin was able to stand and walk without symp-

toms on his first attempt, 3 hours after hemor-
rhage, and had no trouble thereafter. In contrast,
dizziness and a marked fall in blQod pressure on

t Standing B.P. 114/78.

arising persisted in the other 2 subjects for at

least 12 hours, although in A. F., these symptoms
were improved temporarily after the saline in-

fusion.
After the rest of the experiments had been com-

pleted, to assist in the interpretation of the changes
in hematocrit and plasma protein values found

after gelatin, one of the authors (Koop) made

estimates of blood volume before and after gelatin
injection. Patient P. 0. was chosen because he

was judged to be well hydrated, having received

a total of over 3000 ml. of fluid daily for 4 days,
part by intravenous administration and the re-

mainder through a gastrostomy. Patient J. 0.

was chosen because he was obviously dehydrated,
as the only fluid he had received in the last 36

hours was 500 ml. of tap water by rectum. Dur-

ing this period, he had sweated profusely at opera-
tion, and at the time of the test he was extremely
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FIG. 2. BALLISTOCARDIOGRAMSBEFOREAND AFTER A LARGEHEMORRHAGE
The reproduction is actual size. Subject E. T., age 38, 5 feet 7 inches, 165 pounds.
At 7.50, the B. P. 130/80, the pulse rate 89, the cardiac output + 22 per cent above average

normal (normal limits ± 22 per cent).
After the hemorrhage, at 8.01, the subject was sweating, pale, restless, and manifested greatly

increased respiration. He complained that his vision was dim. Blood pressure could not be
obtained. The pulse rate was 45. The ballistocardiogram is distorted by the subject's restless
movements and by impacts from respiratory movements. Selecting the undistorted complexes
the cardiac output was calculated to be -40 per cent.

At 8.15, after gelatin had been started, the symptoms were much improved, B. P. 50/30, pulse
52, cardiac output - 30 per cent.

At 8.30, after completion of the infusion, the subject had no symptoms, the B. P. 110/72, the
pulse rate 77, the cardiac output did not deviate from average normal.
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thirsty. The other patients, convalescent and
taking fluids ad lib, were judged to be normally
hydrated. The results are recorded in Table V.
They show that in the 4 patients who were well
supplied with fluid the estimated increment of
blood volume 3 hours after the end of the injec-
tion was larger, or but little less, than the amount
injected. In the dehydrated patient, this incre-
ment 3 hours later was less than half the volume
injected.

DISCUSSION

After the administration of gelatin solution
intravenously, the plasma protein concentration
and hematocrit diminish more than can be ac-
counted for by the volume of fluid injected. This
dilution slowly increases, reaching a maximum
several hours after the injection. While some
investigators (7) have believed that changes in
plasma volume could be estimated from the hema-
tocrit with reasonable accuracy, others (24, 25)
have produced evidence that the errors in such an
estimate were often great and that a similar esti-
mate from changes in plasma protein concentra-
tion was also unsatisfactory. The frequent lack
of concordance -between the results of estimates
of blood volume made under similar conditions
by methods based on different physiological
principles makes the accuracy of any method
difficult to judge, but the effect of gelatin on blood
volume seems fairly clear. In dogs, given far
larger amounts of gelatin in relation to blood
volume than those we employed, it was found
(26) that blood volume, as estimated by T 1824,
was markedly increased after the infusion, al-
though the increment was generally somewhat less
than the volume of the injected solution. In man,
using the same dye, other authors (27) estimated
that the increase of plasma volume, immediately
after the injection of a gelatin, somewhat different
from that we employed, averaged 58 per cent of
the amount injected; but, thereafter, the blood
volume continued to increase, the average maxi-
mal increment, 70 per cent of the amount in-
jected, being found 4 hours afterwards. Results
obtained in the Harrison Department of Research
Surgery suggest that the small molecular gelatin
used by these investigators (27) appears in the
urine more rapidly than that employed in this

TABLE V

Plasma volumes cakulated from dilution of T 1824 before and
3 hours after the intravenous injection of 500 ml.

of 6 per cent gelatin solution

Before injection After injection Change

Patient Weight -___ __- inplasmaPlasma Hema- Plasma Hema- volume
volume tocrit volume tocrit

kgm. ml. per cent mi. per cent Mi.
P. 0. 43 1988 42.5 2785 29.1 695
S. E. 55 2280 44.8 2710 39.3 430
J. 0. 64 2920 44.3 3160 42.5 240
E. M. 60 2638 48.4 3040 40.8 402
L. A. 64 2638 52.4 3590 45.1 952

study. Nevertheless, our results are in essential
accord with theirs, the dilution reaching its maxi-
mumin the samples taken 3 or 4 hours after in-
jection, at which time the hematocrit and plasma
protein values could be accounted for by assuming
a degree of dilution approximately equal to the
volume of fluid injected. The average increase in
blood volume, as measured by T 1824, is of this
magnitude (Table V). Gelatin must be slowly
lost from the blood stream, for it appears in the
urine (1), but it also has the power of attracting
fluid into the blood by its osmotic properties.
Apparently, for the first few hours after injection,
the second effect often predominates, and the
volume added by injection may be maintained or
even increased.

The results indicate that there is a small in-
crease in venous pressure after gelatin infusion.
Approximately equivalent increments were found
by others (23) after infusion of similar amounts
of serum.

The cardiac output increased significantly after
the gelatin infusion in 3 of the 5 normal subjects
(Table II), and this increase was much more
conspicuous in all the 6 chronically ill patients
(Table III). Even larger percentage increases
of cardiac output were found (26) to follow
gelatin infusion in dogs, but the amount of solu-
tion injected was much larger in proportion to
the blood volume than was used in this study, so
these results are concordant with ours.

In the case of the 3 subjects who were bled,
one treated with gelatin, one with saline, and the
other left untreated as a control, we were repeat-
ing on man a type of experiment performed in
animals in many laboratories for the benefit of
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generations of medical students. In our subjects,
blood pressure was diminished by the hemor-
rhage; it recovered only slowly without treatment,
improved temporarily after saline, and more per-
manently after infusion of the colloid. Results
such as these have been duplicated time and again
in animal experiments. Much more conspicuous,
however, were the differences obvious in our 3
subjects when they arose and attempted to stand.
T. N., who had received gelatin, stood without a
symptom at a time when A. F., who had received
saline, stood only with some difficulty from dizzi-
ness; and J. H., who had received no replacement
therapy, could not stand at all without fainting.

In general, our results with gelatin are in
marked contrast to those observed after intra-
venous injections of electrolyte solutions (6 to
11). Relatively slow infusions of moderate vol-
umes of gelatin produced marked circulatory
changes which reached a maximum several hours
after the completion of the infusion. Gelatin,
leaving the circulation only slowly and drawing
additional fluid into the blood, may increase the
blood volume by an amount greater than the
volume injected. While the plethora imposed
no excessive strain on the cardiovascular system
of our subjects, the results we obtained on chroni-
cally ill patients suggest the necessity for a good
deal of caution in administering gelatin or other
hyperosmotic macromolecular colloids to patients
with diminished cardiac reserve. In fact, the pre-
cipitation of symptoms suggesting acute decom-
pensation following the infusion of gelatin to such
a patient has been reported (2).

The results of the hemorrhage and replacement
experiments indicate clearly that gelatin is an
effective agent in the restoration and maintenance
of blood volume following acute hemorrhage, and
that the symptoms of a hemorrhage as large as
15.0 ml. per kgm. of body weight disappear after
its use.

SUMMARY

1. Observations on pulse rate, blood pressure,
venous pressure, cardiac output, plasma protein,
and hematocrit have been made during and after
intravenous infusions of 6 per cent ossein gelatin
in normal subjects, chronically ill patients, and
volunteers subjected to acute hemorrhage of 16

to 20 per cent of their blood volume. Estimates
of the effect of such infusions on blood volume
were made in 5 cases.

2. Gelatin infusion produced marked and sus-
tained hemodilution in all of these cases. The
calculated increases in blood volume were at times
in excess of the actual volume of gelatin injected,
indicating that the hyperosmotic gelatin solution
draws additional extravascular fluid into the cir-
culation. Emphasis is placed on the danger of
overloading the circulation of certain patients.

3. Though pulse rate and blood pressure
changed but little, cardiac output usually in-
creased markedly after gelatin infusion. The
maximum increase was generally found. several
hours after the end of the injection when blood
dilution was at a maximum. Difficulties in the
estimation of venous pressure after infusion of
viscous solutions are discussed. There was us-
ually a small increase of venous pressure after
gelatin infusion.

4. Results obtained on volunteers subjected to
large hemorrhage indicate that gelatin adminis-
tered intravenously is an effective agent in re-
storing and maintaining the blood volume and in
abolishing the symptoms which follow such acute
hemorrhage.
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