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The practice of transfusion of red cells left
over from preparation of plasma has gained some
popularity (1 to 11). Whether or not this prac-
tice will ever become an accepted and widespread
procedure and what its practical merits are need
not be discussed at this time.

It is obvious that the use of red cells left over
from plasma preparation' is- possible only when
plasma is separated after a relatively short period
of time. It has been the practice to resuspend
the red cells in crystalloid solutions of which the
two most popular have been physiological salt
solution (5) and 10 per cent corn syrup (12).
Since the red cells normally are immersed in a
colloidal protein fluid, it is natural to expect
a priori a better preservation of the erythrocytes
when maintained in a protein colloidal medium.
This has been found to be true in the experimental
work reported here. Ross (13) has shown good
preservation of red cells left over from plasma
preparation when the cells are simply stored in
the remaining plasma. In this paper it will be
shown that globin considerably improves the
preservation of red cells and that its use as a
resuspension medium for red cells is practical.
This does not justify at present the conclusion
that for optimal preservation of erythrocytes it
is necessary to add any diluting fluid to the
packed cells left over after the separation of
plasma.

1 This paper is the 20th of a series on blood, plasma, and
plasma substitutes from the Laboratory of Clinical Path-
ology of the Bryn Mawr Hospital. The work described
in this paper was done under a contract recommended by
the Committee on Medical Research, between the Office
of Scientific Research and Development and the Bryn
Mawr Hospital, and with the aid of the Bryn Mawr Re-
search Foundation.

PRESERVATIONOF ERYTHROCYTESIN PHYSIO-

LOGICAL SALT SOLUTION

This resuspension medium has been the most
commonly used. The maximum recommended
period of preservation is from 5 to 6 days (10)
at icebox temperature. Wehave found that the
preservation of fresh red cells in physiological
saline solution at 40 C. for more than a few hours
very greatly reduces the post-transfusion sur-
vival of the red cells. Injection of 200 to 450 ml.
of such cells in humans (corresponding to 500 to
1,000 ml. of whole blood) is followed in the
majority of cases by hyperbilirubinemia and
greatly increased bile pigment output.

In these experiments the blood was collected in plain
sodium citrate solution (50 ml. of 4 per cent sodium citrate
for each 500 ml. of blood) and immediately stored at 4° C.
The plasma was separated after centrifugation and in any
case within 36 hours from the time of collection. The red
cell residue was immediately mixed with .9 per cent
sodium chloride solution, chilled, in an amount approxi-
mately equivalent to that of the plasma removed. The
red cell-saline mixture was immediately placed at 4° C.
and was maintained there until time for use. Grouping,
Rh typing and cross matching were carried out as usual.
A typical case is reported here.

The patient was a man, aged 54, white. This patient
was chosen because hematological studies, including a
bone marrow biopsy and total bile pigment output determi-
nations, had shown that the sole defect was a greatly re-
duced normoblastic activity of the bone marrow, from
cause unknown. On first admission to the hospital on
May 23, the hemoglobin concentration was 2.3 grams per
cent with a reticulocyte count of .1 per cent and a total
volume of circulating packed erythrocytes of only 280 ml.
The patient belonged to the B group and was Rh negative.
Sixteen whole blood transfusions of compatible blood,
each containing on an average of 450 ml. of blood, were
given to this patient over a 53-day period. The patient
appeared to tolerate well the transfusions of whole citrated
blood, showing no hyperbilirubinemia nor any other signs
of reaction. At the time of his discharge on July 12 the
hemoglobin concentration was 9 grams per cent. The
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patient was readmitted to the hospital on July 25 and at
this time the hemoglobin concentration was 6.8 grams per
cent, with a reticulocyte count of .1 per cent. From
blood volume measurements it is estimated that on July
12 the patient had a volume of packed erythrocytes of 986
ml. On July 29 the hemoglobin concentration was 6.1
grams per cent and the volume of erythrocytes was 745
ml. or a decline of 241 ml. of packed erythrocytes in 17
days with an average loss of about 14 ml. of packed
erythrocytes daily. This loss is rather low and indicates
good preservation of the transfused erythrocytes. Re-
peated serum bilirubin determinations showed a concen-
tration of .8 mgm. per cent with a low urobilin output.
This patient was given on July 29, 791 ml. of packed eryth-
rocytes, of 0 group, Rh negative, separated from plasma
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within 18 hours of collection after centrifugation, mixed
with chilled saline solution to make a total volume of
1,071 ml. and maintained at 4° C. for 72 hours.

Following the transfusion of the resuspended eryth-
rocytes, the patient had a hemolytic reaction, with dis-
comfort in the lower abdomen, passage of red urine,
containing hemorrhagic casts, high urobilin concentration
in the urine and a rise in the serum bilirubin to over 14
mgm. per cent. In 48 hours the patient was entirely well
from the reaction (see Figure 1). On August 2, the
hemoglobin concentration was 6.9 grams per cent and
the volume of packed erythrocytes 758 ml., indicating
practically a complete loss of the injected mass of erythro-
cytes. On August 2, the patient received 305 ml. of
packed erythrocytes as 896 ml. of whole citrated blood
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preserved for 2 days. On August 4, 435 ml. of packed
erythrocytes as 1,146 ml. of whole citrated blood were
given to the patient, one lot of blood being 2 days old
and the other 4 days old. The patient had no apparent
reaction to the transfusion. On August 5, the hemoglobin
concentration was 8.6 grams per cent and the measured
volume of packed erythrocytes was 1,538 ml. with an ap-
parent gain of 780 ml. of packed erythrocytes. This
represents for the period of time of observation a good sur-
vival of the injected red cells, the total amount of injected
red cells having been 740 ml. As can be seen from Figure
1, the transfusion of whole citrated blood preserved from
1 to 4 days at 40 C. was not followed by a notable increase
in the serum bilirubin level.

IN VITRO COMPARATIVESTUDIES ON THE PRESERVA-

TION OF ERYTHROCYTESIN 4 PER CENT

GLOBIN SOLUTION, SALT SOLUTION AND

10 PER CENT CORN SYRUP

The effect of a 4 per cent globin solution on
the preservation of resuspended erythrocytes has
been studied both in vitro and in vivo. The
studies in vitro included pH determination, mean
corpuscular volume, osmotic resistance, and the
hemoglobin concentration in the supernatant fluid.

The addition of globin to a suspension of ery-
throcytes in salt solution does not appreciably
alter the cell preservation. However, when the
erythrocytes are suspended in a sodium citrate-
dextrose solution, the globin exerts a definite
beneficial effect on the preservation. Weare well
aware that the choice of crystalloids and their
relative concentration as well as the final pH
of the solution employed here are probably far
from the ideal. We are, however, reporting a
typical experiment to show the change which the
addition of globin produces in the preservation of
erythrocytes.

Five hundred ml. of blood from an adult healthy donor
were collected in 60 ml. of a 4 per cent sodium citrate
solution, chilled. The sodium citrate solution was chosen
because it was the'same used by the Red Cross bleeding
centers. The blood was allowed to remain for 18 hours
at 40 C. It was then centrifuged for 45 minutes at 1,800
times gravity. The plasma was carefully removed, leav-
ing only about 20 ml. of it with the packed red cells.
The red cell sediment was then carefully mixed with the
remaining plasma, and by means of a sterile calibrated
cylinder it was divided into aliquots. Each of these ali-
quots was mixed with an equal part of the various preserv-
ing fluids. The composition of these is given in the fol-
lowing table:

Salt solution:
Sodium chloride

A.C.D. solution:
Sodium citrate (trisodium, dihydric)
Citric acid (monohydric)
Dextrose (anhydrous)
Distilled 'water (pyrogen-free)

.9 per cent

1.66 grams
0.59 gram
3.75 grams
125 ml.

Corn syrup: 10 per cent sterile solution as obtained
from Schering, Glatz Company.

Dextrose-citrate:
Dextrose (anhydrous)
Sodium citrate (trisodium dihydric)
Water

Globin-dextrose-citrate:
Globin
Dextrose (anhydrous)
Sodium citrate (trisodium, dihydric)
Water

2.4 grams
1.9 grams
100 ml.

4 grams
2.4 grams
1.9 grams
100 ml.

After 'mixing, the various red cell suspensions were
cultured and divided into 10-ml. aliquots in hard glass,
rubber-stoppered bottles. These were immediately placed
at 40 C. and maintained at this temperature until the time
of study.

The determination of the osmotic resistance was made
by a modification of the technique suggested by Parpart
(14); the mean corpuscular volume was done in duplicate;
the pH was determined with a Beckman apparatus. The
hemoglobin of the supernatant fluid was done after
thorough mixing of the sample followed by centrifugation.
All samples were cultured again at the end of the stated
period of time.

ANALYSIS OF RESULTS

Mean corpuscular volume. There was swell-
ing in all of the solutions used. This swelling
was minimal with the citrate-dextrose solution
and with the salt solution. It was maximal with
the 10 per cent corn syrup (see Figure 2). By
the fifth day of preservation and continuing on
to the end of the experiment, there was a shrink-
age of the cells to within the normal range, except
for the A.C.D. solution in which there was an
excessive shrinkage followed by a progressive
swelling to normal size. The addition of globin
to the dextrose-citrate solution appears to have
a definite effect on the rate and range of volume
changes.

Mean osmotic resistance of resuspended ery-
throcytes (fragility). Except for the sodium chlo-
ride, the mean osmotic resistance is considerably
increased. This increase is minimal with the
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globin citrate-dextrose solution, and it is maxi-
mal with the A.C.D. solution. The addition of
globin to the citrate-dextrose solution definitely
effects a change in osmotic resistance, maintain-
ing it nearer to the normal change (see Figure
3).

pH variations. The variations of the pH of
the original solutions of the supernatant fluid are
indicated in the following table:

10 per Salt Dex- Globin-
A.C.D. cent corn solutiOn trose- dextrose-

syrup citrate citrate

pH of
original 5.04 4.22 5.52 6.05 7.71
solution

pHof
supernatant
fluid

0 6.0 7.3 7.4 7.1 7.2
5 6.0 7.5 7.7 7.05 7.4

12 6.0 7.6 7.05 7.2
19 6.0 7.6 7.4 7.0 7.2
26 6.0 7.6 7.0 7.25
33 6.0 7.5 7.0 7.2
40 6.0 7.4 7.0 7.2

Hemoglobin concentration in the supernatant
fluid. To obtain this datum, the erythrocyte
suspensions were thoroughly mixed and cen-
trifuged; the determination was made by the
micro method reported separately (15). The
hemoglobin concentration in the A.C.D. solution,
in the citrate-dextrose solution, and in the globin
citrate-dextrose is comparable. It is definitely
less in the 10 per cent corn syrup and increases
much more rapidly in the salt solution. These
data appear of little significance (see Figure 4).

DAYSOf PRESERVATIONAT40C
FIG. 3. MEANOSMOTIC RESISTANCE OF RESUSPENDED

ERYTHROCYTES(FRAGILITY)

POST-TRANSFUSION SURVIVAL OF ERYTHROCYTES

SUSPENDEDIN 4 PER CENTGLOBIN SOLUTION

BY, THE RADIOACTIVE IRON TECHNIC

Clinical observations
Studies on the in vivo survival of erythrocytes

resuspended in globin solution by means of the
iron isotope technic have been carried out (see
Figure 5).

FIG. 4. HEMOGLOBINCONCENTRATIONIN THE
SUPERNATANTFLUID
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The survival of the transfused cells is 75 to
80 per cent up to 7 days of preservation and 50
per cent or better up to 15 days. It is of very
great importance to note that:

(i) In our experience, using as recipients pa-
tients rather than healthy males as in the experi-
ments reported by Gibson, the preservation of
cells as determined by the iron isotope technic
is generally poorer than that found by other ob-
servers, regardless of the preserving fluid em-
ployed.

(2) Whereas with all of the preserving fluids
so far used the rate of cell deterioration is defi-
nitely accelerated, as the preservation is prolonged,
with addition of globin it becomes definitely
slower.

It is probable that an initial damage occurs and
that a better choice of crystalloids to make the
fluid iso-osmotic may very materially improve the
preserving properties of the globin solution.

Figure 6 affords a comparison of the rate of
preservation of erythrocytes resuspended in glo-
bin dextrose-citrate and of whole blood preserved
in A.C.D. and glucose-citrate solutions.

The decline of the hemoglobin concentration
noted in the days following was small and com-
parable to that noted previously. There appears
to be no reason to encourage the use of erythro-
cytes preserved at 40 C. in saline solution for
more than a few hours for the purpose of trans-
fusion. As a matter of fact there appears to be
no good reason for resuspending the red cell
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FIG. 6. SURVIVAL OF WHOLEBLOOD AND RESUSPENDED
ERYTHROCYTESIN VARIOUS SOLUTIONS

residue in saline at all, as they can be transfused
as they are, using an 18-gauge needle.

About 50 transfusions of 200 to 230 ml. of
packed red cells, resuspended in globin solution,
have been administered. Studies of the serum

bilirubin content have been carried out. No hy-
perbilirubinemia has occurred, nor untoward re-

actions of any sort. The clinical results were

those to be expected from well preserved cells.

CONCLUSIONS

The addition of globin in a 4 per cent concen-

tration to an isotonic solution of dextrose-citrate
increases the preservation of red cells left over

from plasma preparation. With this mixture the
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