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Avtioucn the practice of storing citrated blood for short periods ig
the cold is not entirely new, the widespread adoption of this procedur§
in the larger hospitals as a means of making available supplies of blood
for immediate use, definitely is a deve]upment of the past decadl
Stored blood was first used for transfusion by Robertson in France t03
ward the end of the first World War. At that time, the clrculatorg._
aspeets of shock became dppment to medieal scientists and the necesy
sity of replacing lost blood in the prevention and treatment of wound
shock was realized. Robertson (1), at one of the British casualty cleai
ing stations, stored blood up to twenty-two days and used it with e(ceﬁ
lent results. This innovation marks the first effective attempt to com?
bat wound shock on the battlefield.

It is difficult to understand why Robertson’s remarkable achlevea
ment remained forgotten on this continent for more than twenty yearss
In Europe, partlcularly in Russia, interest was revived ten years earherj
than in America, by the experiments of Shamov, who, in 1927 demoxg
strated the capacity of blood, taken from a recently dead dog, to fun(ﬁ}
tion normally in the cuculatwn of a living animal. The successful pena
formance of a corresponding e\perlment in man by Yudin in 1930 le§
to the extensive utilization of cadaveric blood, particularly in the city of
Moscow. By 1936, Yudin and his associates had set up an unique an
‘very efficient 01ganlzatlon for the expeditious collection of blood fromg
vietims of fatal aceidents, and for its distribution among the hospltaﬁ
of the city. The suceesses of the Russian workers doubtless were r@
sponsible for the immediate use of stored blood in the treatment t@
wound shock during the civil war in Spain in 1937.

With a second woxld war in the offing, the military significance of
blood preservation became apparent to medieal seientists in all coury
tries, and particularly in America and Great Britain. On this contine
interest in the use of preserved blood in civilian hospitals received @
tremendous impetus with the initiation of the idea of the blood-bank by

Fantus (2) in 1937. Allied to, and almost coincident with this, was thg
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introduction on a commercial scale, in the United States, of the vacuumé
desiceation proeess by means of which plasma and serum, mdlcpensahlg
in the treatment of burn shock, can be dried and preserved indefinitelys
Thus we have in brief review the development of a new faclht\;.
which has enabled medical science for the first time in history to copg
with the long-standing problem of shock. The use of preserved hlnmﬁ
may well be regarded as one of the most lmportnnt advances in medicin&
in the present century. g
Tn the storage of whole blood the primary concern is the preserva}
tion of the ervthroeyte. This implies not only keeping the cell memg
brane intact, but also the retarding of autolytic changes within the ccl§
wlich impair its funetional properties when it is again placed in thé&
cireulation. While the integrity of the eell membrane may be influg
enced by many agencies direetly, as for example by the action of hemog
Ivtic agents either present in, or added to, the blood, it is now realized
that hemolysis during storage is brought about largely as a result of
autolytic changes within the cell. As soon as blood is removed frong
the bnd\ the cell membrane undergoes marked changes in per m('.llnllt\,,
ospe(m]]} in the cold. Potassium jons diffuse out of the cell whilg
sodium ions enter from the plasma. Complex organic phosphates i
the cell undergo autolytic hydrolysis with the liberation of phosphated
wlueose breaks down to lactic acid and other intermediates. Some n%
the produets of autolysis, including phosphate, do not pass through ﬂl«:o
membrane readily at lower temperatures. Hence as the osmotic press
sure gradually increases, water enters the cell, causing it to swell mldﬁ
ultimately to burst. Individual bloods differ in regard to cell Stablllt\‘”‘
i.e. rate of hemolysis during storage, and preservative solutions mag
differ greatly in their cell- stabilizing qunlltles Sodium citrate solud
tion, by 1t<elf, although still fairly widely used, is among the poorest o
pre<en‘1t1\ es. In this solution hemo]\ sis usually becomes visible afters
about the fifth day and the majority ‘of red cells undergo lrreverslblm
changes by the tenth day. The addition of dextrose to citrate, on ﬂl@
other hand, greatly improves its preservative qualities. In 1%0tmug
citrate-dextrose, the rates of autolytic change and of cell swelling ar@
much reduced. Blood may be l\ept in this mixture for six weeks an
sometimes for two months with negligible cell-breakdown. The stabilS
ity of the red cells is influenced also by the proportion of diluent use®
With isotonie citrate-dextrose the maximum stability appears to be obg
tained with most bloods in the 1: % dilution, i.c. one volume of blood t&
half a volume of diluent. In phosphate- lmt’fcled citrate-dextrose, bloo
may be diluted much further and may be stored at higher temperaturc;
c.g. 8 or 10 C., without impairing cell sty 1bility. 3
Mdny attempts have been made to devise a practical method fog
assaying the vital capacity of preserved ervthroeytes. Such a metho:t
obviously would greatly facilitate the lmprmement of methods of ]’)l‘eS\)
ervation and would enable the operator of the blood-bank to know when
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stored samples have reached the limit of their usefulness. 1p untiE
two years ago, when much attention was given to prevention of hemog
Ivsis during storage, the ordinary clinieal fragility test was used foiy
testing the stability of red cells. Later it was shown by Mollison ands
Young (3) and has been confirmed by the authors (4) that there is ns
correlation between the stability or instability of preserved cells t&
livpotonie or isotonie saline solutions and to plasma, and their capacitys
to survive in the circulation after transfusion. Since there is no ing
vitro test for the vital capacity of red cells, the only means of testing)
tie influence of storage and of preservative mixtures is to transfusg
the cells and follow their survival in the recipient.

Numerous studies have been reported on the survival of erythrocytes:
alter transfusion. Values given for the life of the average red cell varg
from thirty to eighty days, depending on the method employed. Acg
eording to the differential-aggelutination procedures of Ashby (3) and
ol Wiener (6), the average life span of the red cell is about eighty daysg
Imt some may remain in the cireulation for one hundred thirty days og:
even longer.  In the former of these methods, a blood of group O is ing
troduced into a subject of group A or group B. Periodically thereafters
samples are withdrawn from the recipient and the latter’s cells are s0g
leetively agglutinated by using the appropriate test serum (anti-A)$
leaving the surviving donor cells to be counted in the hemacytometers
Wiener’s method is similar in principle excepting that the M and o
hlood types are used. Donor cells of group OM are injected into a ret
cipient group ON (or vice versa) and periodically a sample of thg
recipient’s cells is agglutinated with anti-N serum, leaving the survivg
ing donor cells free. The two procedures when used concomitantlyg
e.r. @roup OM cells may be transfused into a recipient AN (or BN)§
eive close agreement. 3

Wiener and Schaefer (7, 8) were the first to apply this method t&
the study of the survival of preserved red cells. For blood stored irp
citrate alone, they showed that if the blood were fresh, or if it werd
stored up to a week, the donor cells could be detected in the eirculatio‘ré1
for three or four months. If stored for longer periods the cells werg
climinated much more rapidly. A twenty-one-day-old speeimen, for ex8
ample, was climinated completely within twenty-six hours after transs
fusion. The period of useful storage in sodium citrate solution, acs
cording to these investigators, is from seven to ten days. This observag
tion has been widely confirmed by clinicians, although some instance%
are known in which eitrated blood was stored up to twenty days and wag
used without reactions and with beneficial results. S

Cell survival is greatly prolonged when preservative mixtures con3
taining dextrose ure employed. Dextrose appears not only to stabiliz&f
the cell membrane but also retards autolytic changes during storage,
hence may be considered a true preservative. Survival studies by nup
merous workers (4, 3, 9-16) have shown that cells stored up to four-
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teen days in citrate-dextrose mixtures, with or without added saline og
phosphate buffers, survive as well as fresh cells after transfusioy
Here again individual bloods differ considerably with regard to presy
ervation and survival capacity. Many specimens after storage fof
cighteen days show survival comparable with that of fresh cells afte§
transfusion. When stored for longer periods, an increasing number of
cells suffer irreversible deterioration, hence the rate of elimination front
the blood stream is more rapid than the normal.

EXPERIMENTAL

IOA|IS ZESE,

The survival experiments deseribed in the following sections werg
performed to test the merits of two preservative mixtures which thg
authors have found to be very satisfactory for red-cell preservation if
vitro. The study was earried out at the Verdun Protestant Hospitad
(for mental patients) at Verdun, Quebee, and cell survival was fol
lowed by Wiener’s method. Thirty-five transfusions were performeqir
using bloods ranging from strictly fresh to samples stored up to fiftyo
seven days. All subjects were serologically negative and were in go
health from a nutritional point of view.

Methods of Preservation

Blood was preserved in two mixtures, as follows:

£2/¢/G/4pd-apo1e

1. Modification of DeGowin’s citrate-dextrose formula.
Blood 400 ce., citrate (3.2 per cent) 80 cc., dextrose (5.4 per cent@
120 ce. This gives a ratio of blood to isotonic diluent of 1:%, a pr@g
portion which we have found to give optimal preservation with mosd

A

bloods. 8
2. Buffered citrate-dextrose mixture. S
The phosphate buffer was prepared as follows: [

0.3 molar (4.14 per cent) monobasic sodium phosphate §
(NaH.PO,-H.O), ’ 1,000 c@

0.3 molar (1.2 per cent) sodium hydroxide (NaOH), 925 c§

Water, 480 g

o

This mixture is isotonic with physiologic saline solution and has a plb
. . N Be]
of 7.4. Blood and diluent were mixed as follows:

Blood 400 ce., citrate 60 cc., buffer 60 ce., dextrose 80 ce.

Fresh twice-distilled water was used in all solutions, and sterilizad
tion was carried out without delay. The dextrose solution was sterS
lized separately and added aseptically to the other ingredients of th®
diluent after the solutions had cooled. If dextrose is added heforehang
it tends to undergo caramelization during sterilization. Subsequent
studies in our laboratory and in other centres have shown that the doE
gree of caramelization produced in the usual autoclaving procedure has

nb Aq jp
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no detrimental effect either on the preservation of red cells during stor-9
age or on the recipient.

In addition to the above preservatlve mixtures, DeGowin’s formulag,
was used in three stored specimens, the proportion of blood and diluentz
heing as follows:

Blood 200 ce., citrate 40 cc., dextrose 260 ce.

As storage under an atmosphere of carbon dioxide has been advos:
cated by some authorities, some of the bloods were equilibrated aseptl-m
cally with carbon dioxide before storage to test the effect of this proi,
cedure on the preservation of the cells. All blood samples were dra\vnq,
into chilled diluent without the aid of aspiration and by the method dej
<cribed in a previous report (17). They were then stored in a refriger=
ator automatically maintained at 4 =1 C.

e//:dny woyy p!

Testing of Samples Prior to Transfusion

1seue/u10:>'J!

In addition to cross-matching the stored specunen with the recipig
ent’s blood, the amount of free hemoglobin, ie., the degree of hemog
lysis if any, was estimated, and a red-cell stablhty test was pelfounedo
The free hemoglobin was estimated by a modification of the mlclo-m
henzidine method of Wu (18), or by the pyrldlne-hemochromovem
method of Flink and Watson (19) The latter analyses were done ona
the plasma of an auxiliary specimen after resuspending and then cen~
trifuging the cells. A stability test was carried out by mixing 0.2 ccw
of the preserved specimen with 2 ce. of compatible plasma After pcru
mitting the mixture to remain for four hours at room temperature, it
was centrlfuged and the free plasma hemoglobin, i.e. the qddlhondfi‘?
hemolysis, was determined. Subsequently it was found that smnpl)o
Iy resuspending the stored sample, permitting it to stand at room tem-o
perature for four hours, and then estimating the additional cell breakm
down, the results were practically the same as when the sample \vaS\’
mixed with different plasma. The purpose of the test was to ascertaing
whether the amount of additional hemolysis could be related to tht§1
initial rate of destruction of red cells after transfusion. In other wordsg
it was desirable to know whether the cells that broke down in their owng
or in compatible plasma were also disposed to break down in the reg
cipient’s circulation shortly after transfusion. With the methods oiB
preservation described, the degree of cell breakdown after resuspensxor&
of the stored samples was usually very small even when suspended up?
to twenty-four hours at room temperature. With some methods og
preservation, however, extensive hemolysis may occur within half ari’-’»
hour under these conditions.

Transfusion Procedure

Judy 60 uo

Anticipating that the introduction of 600 ce. of preserved blood intos
a normal subject might give rise to a slight polycythemia, and hence rel
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sult in an increased vate of cell elimination, the practice in this stud§
was, with one exception (a case of pernicious anemia), to remove 4(3
¢e. of blood from the subject prior to transfusing the stored %amp]ﬁ
While the blood was being collected, the cells in the stored specimen foy
transfusion were resuspended by earefully swirling the bottle for frmﬂ
five to ten minutes. From the handling the temperature was raised tg
about 10 C. The blood was then administered without further warng
ing, being preceded and followed by about 50 ce. of saline solutio
About a minute after the transfusion was completed, a 5 ce. sample &
blood from the recipient was collected into exactly 1 ce. of 3 per ceng
citrate in a graduated centrifuge tube. Subsequent samples for celEr
survival counts were collected in the same manner at the fourth, twelftlg
twenty-fourth hour, the third and sixth day, and thereafter at Weel\lg
or ten-day intervals. Free hemoglobin and bilirubin in the plasmg
were estimated by the methods of Evelyn (20, 21) on the four houg;
sample and sometimes on the first four samples, especially after trang
fusion of the older stored specimens. Details of the method used f(%
estimating the survival of domnor cells after transfusion are given ing
previous paper (4). Cell counts were continued on all subjects untf
the survival curve reached the recipient’s free-cell count.
In all, 35 transfusions were performed. Three subjects, who OIunEL
nated donor cells at an unusually rapid rate, received a second trand
fusion after the first donor’s cells had completely disappeared.

-00

REesvuLts
Method of Prescnting Results

Not knowing accurately the blood volume of the subjects, it is 1118
possible to calculate the absolute donor cell count anticipated 1mmedg
ately after transfusion. If, however, the plasma volume be approxj
mated from the weight of the recipient, and the number of cells trans
fused be estimuted, an initial count of about 400,000 cells per nm@
‘would be expected in the major: 1ty of the subjeets. One method of e8
pressing the results, ther efmc, is to take 400,000 as the basic value alﬁ
calculate subsequent survival counts as percentages of the base. 8

Another method is to take the highest count after transfusion, usE
ally that of the four-hour sample, as the basic value, and to calculag
subsequent values as percentages. This method obviously disregards
the possibility of the removal of some cells in the interval up to thé
fourth hour, whereas the former method makes allowance for it. S

Table 1 coutains information regarding the donors, recipients angd
transfused samples, and table 2, the experimental data obtained. 1
figure 1 the hard curves represent the cell survival calenlated as po%’
centage of the highest count, and the broken curves, the percentage su§
vival based on an anticipated maximum count of 400,000 per mm.* The

00/029509/.L€2/E]
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numbers accompanvm«r each curve correspond with those in the ﬁrsg
column in tables 1 and 2

Table 3 contains the data on the degree of hemolysis in the d(mog
samples whieh had been stored for thirty-five days or more before transa.
fusion. The plasma bilirubin values, which usually reach a maximung

O|UM

at the third or fourth hour after transfusion, also are included. 2
g
TABLE 1 Ry
S S - "fﬁ
Recipient Donor Transfused sample 2
— T 3
Days Gm. % 3
N | Age Weight Group | Condition®] Age | Numbert, duration | Hb.in | Preservativey)
. af storage | sample =
I 38 159 ox E 36 2 | Fresh cb.  §
2 36 152 ° oM 5 38 1 Fresh C.D. o
3 32 | 245 (vbese) ON E.D. 30 A 1 Fresh | C.D.P.COg
4 59 130 ON S.s. 41 12 14 CDPpP. 2
5 23 145 oM E 34 B 15 100 [CD. g
[ 50 143 ON | Md | 35 [¢ 19 72 [CDI &
7 36 150 OMN S8.D.c. 25 D 20 11.2 C.D.P.COg
S 52 175 oM Ps. 19 25 21 12.4 } C.D.P.CO<
£l 20 139 ON S.s. 56 20 22 11.6 C.D.P.COg
10 41 161 OMN S.D. 30 29 23 11.7 | C.D.P.COg
11 20 139 ON P, 38 28 23 10.6 | C.D.P.CO®
12 33 135 OMNX S.s. 25 K 24 CDI T
13 26 163 OM S.s. 25 F 24 11.6 | C.D. =
I} 41 130 OM S. 32 3 24 C.D. %)
15 48 143 OX | 8D. | 30 A 24 109 | C.D. N
16 45 149 OMN F 20 11 24 C.D. N
17 45 140 oM 8. 52 8 25 9.1 | C.D.P.COS
18 43 146 OMN 8. 32 31 26 11.8 | C.D.P.COG
19 26 145 OoN 5. 26 G 27 11.3 | C.D. g
20 36 159 ON Md. 48 15 7 100 |CD.P. S
21 50 132 OMN S. 20 H 30 80 | C.D.I S
22 40 145 OMN S.D. 20 11 32 10.0 | C.D.CO: §
23 38 160 ON S.s. 20 9 32 106 | C.D.P.COZ
24 41 165 ON S. 25 I 35 103 [ C.D.P. X
25 19 139 OM - I 25 J 35 C.DP.
26 49 133 ON S.s. 25 K 39 106 |C.D.P. B
27 50 130 ON P.s. 25 L 41 9.5 | C.D. a
23 38 157 OM Pel- 21 M 42 116 {CDP. oS
29 0 126 OMN | 8D. | 2 | N 57 96 |CDP. T
3004 | 5T 166 OMN | MdA | 16 17 3 Fresh C.D.P.COS
30(h) . : AT 30 A 16 C.D.P.(,'Og
31() | 32 135 oM S 19 26 19 124 {CD.P.
31 32 (] 21 88 | C.D.P.COG
B2 | 34 168 oM S.s. 56 27 22 95 | C.D.P.COZ
32(1y) 34 B 22 C.DAP‘CQE
12
* A—pernicious memm, c—catonic; D-—deteriorated; d—depressive; E—epileptic; F3
ferble-minded; T—imt ; M—maniac; P—paranoid; P.e.l.—postencephalitis lethargics; Pa
psyehopath; s—simple; S—schizopt ; T—after a course of liver treatment.

t Letters denote normal dunurs, all uf whom were male except donor M. Numerals ref&
tu the subjects enumerated in the first column. =
+ C—citrate; D—dextrose; P—phosphate huffer; [—DeGowin’s mixture; COz—under «'urb%
divxide. =
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TABLE 2 g

5

[=]

. i Percenl cell survival at Lhe end of m

oot | b | | B Iollorine s s ol
mumber | WS | rount after of speci- dosor o
Jiobitt, | transusion | R0 gl 7wl 201{2 3]0 dclectnh]no

1 15.4 240,000 | Fresh | 57(36 |34 |27 | 15|27 |45 46 120 Z
2 137 | 267,000 “ 62{59 (45|27 |64 |70 | 70| 12 120 S
3 16.2 | 420,000 1 90177 |75 |74 |72 |73 | 75| 68 130 o
4 15.5 420,000 14 85180 |82 |8 |8 | 75| 65|50 10 &
5 16.3 | 345,000 15 70185 |77 | 66 {63 | 77 | 87 | 85 130 D
6 165 | 253,000 19 85|95 (95|88 |7 |60]|41 95 =
7 148 | 282,000 20 72169 [ 67 |63 |62 )62 45|20 100 &
8 142 | 465,000 21 9983 (81 77|82 |8 75|43 130 §
9 139 | 457,000 22 89! 85|86 |87 (92)95(90 |70 140 2
10 122 | 278,000 23- | 60{ 75|90 | 96757045 |40 115 o
11 165 | 355,000 23 90|80 | 87 |96 |93 |90 |8 |48 105 S
12 15.1 192,000 24 4740 |20) 9 57 2| 0 3B T
13 15.7 | 393,000 24 708 90|87 |9 ]85|65|51 130 3
14 160 | 297,000 24 65(35122|87| 705013 | 8| 105 &
15 153 | 253,000 24 50|50 | 52|56 |59 |46 | 57 | 39 125 3
16 16.8 | 411,000 24 65|42 | 42 |42 | 37 [ 39 | 41 | 32 115 g
17 162 | 366,000 25 44|43 135 {30 |15|10] 710 105 g
18 15.1 371,000 26 9590 |86 |79 |70 | 62|35 47 105 2
19 167 | 365,000 27 70|67 {60 |60 |46 |22{17 | 8 7409
20 153 | 239,000 27 61|66 |68 |74|78 |8 164]10 %5
21 15.0 184,000 30 55|45 41 |34 |24 252817 %9
22 15.0 192,000 32 2725 |20 |12 |15 27|17 4 65 B
23 15.2 | 258,000 32 301272 (2| 7| 7|11{ 6 65 o
24 156 | 271,000 35 99|69 71|77 |92|80]65]40 0 &
25 15.1 236,000 35 37|30 (31,3432 |25 90 N
26 164 | 455,000 39 70|65 671686257502 BN
27 135 | 245,000 41 3232|209 |22]20|22|22]|2 0 3
28 15.5 196,000 12 45,42 137 [20{26|2¢ |21 |12 70 g
29 14.8 | 270,000 57 (17 2122118015 12| 0 453
30(a) 6.8 | 550,000 3 82|70 [ 62 |47 32 |22/16| 6 60 S
30(b) 145 | 381,000 16 6555 (30 (14|10 5| 4] 0 30 S
3(a) 17.1 384,000 19 978 |75 |61 |42125]17| 0 5
31(b) 16.4 | 509,000 21 7118118 | 7216655 |48 |17 % 5
32(n) 16.7 | 325,000 22 (100,76 |65|45(30|2 [12] 0 35 N
32(b) 160 | 372,000 22 85{ 66|62 |55[45(30|25| 0 0
£y

S

* Normal taken as 15.6 Gm. per hundred cc. of blood. §
(=)

.. o

Condition of the Preserved Samples 8

o

N

All stored specimens were in excellent condition judged from the apg
pearance, the degree of hemolysis, and cell stability after resuspenswu,
As is indicated in table 3, hemolysis, even in the oldest samples, wag
negligible. Cell packing was consldelablv less dense in the buffere&
samples, and was greatest in the most dilute specimens. Fibrin preclple
tation was variable and was usually, though not always, greatest in thea
older specimens. As a rule the precipitation of fibrin increases moub
rapidly after the third week of storage and slows down again by the
fifth or sixth week. In the 1esuspended samples, the fibrin usually wdg
in very finely divided form, and except in one sample (donor sample 13;
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column 7, table 1), no difficulty was encountered in the transfusions 9
using Baxter equipment with the usual 200-mesh-per-inch stainless steel 3
filter. Storage of blood under carbon dioxide apparently did not havel
any consistently beneficial influence in reduecing fibrin precipitation or
on cell preservation or survival.

Discussiox

zese//:dny wouy pap

As in a community of people, all the erythroeytes in the blood stream
do not survive to a ripe old age. According to the method of Wiener,:
and also that of Ashby, the age limit for the corpuscle is about 125 days.2
Some red cells doubtless perish early in life but the majority are be-3
lioved to remain in the circulation about 80 days. It is usually assumeds
that only the functional cells remain in the circulation and that as soong
as the funetion of the cell fails or perhaps is impaired beyond a certain3
degree, the cell is destroyed. The validity of the survival method as a%

criterion of preservation depends on these assumptions. Z
[v3

[2]

TABLE 3 =)

O

2

N - “Total free Bilirubin i jent's o

Recipient Storage porivd hemaglabin Per cent of cella eirculation 3 hours 3.
number O e in sample, hemolyzed after transfusion, &
nys Gm. mg. % (in plasma) @

o

24 35 0.23 0.38 Normal S
25 35 0.40 0.6 11 o
26 39 0.32 0.5 Normal R
27 1 1.86 32 33 3
28 42 1.08 1.5 2.8 >
29 57 0.42 0.7 47 =
(]

<

e

In many of the curves in figure 1, and especially-in curves 3, 4, 7, Sé
9,11, 13, and 18, it will be observed that the donor cells disappeared at3
a steady and almost linear rate. In other instances, notably in 1, 2, 5%
14, and 16 in which the curves extend to one hundred twenty days, theg
rate of cell removal is less regular. The reason for the unexpected ird
regularity in curves 1 and 2, which represent the behavior of absolutely‘é
fresh transfused specimens, is not known. A repetition of these experig
ments has been carried out with the same erratic results. Bloods storedS
for longer than twenty-four days generally show poorer survival afters
transfusion, as is evidenced by the curves from No. 17 upward. It is
noteworthy, however, that occasional domor specimens, for exampleg
cases 18, 20, and 24, in which the samples had been stored for twenty‘;:’i
six, twenty-seven and thirty-five days respectively, show much bette
survival than the others of comparable age. 3

Curve 14 presents two peaks of considerable significance. The firsB
maximum occurs about the twentieth day, and the second, between théE
sixtieth and the nintieth days. That these discontinuities are not merely,
errors in cell counts was confirmed by repeating some of the counts a§
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o
many as eight times.  Furthermore, the same results are obtained when
two testing sera are used \lnlIl]fdll(.Ol.lSly Similar iner eases, though
less pronounced, may be detected in the majority of the curves in figuge
1. Thus a deﬁmtc inerease in the free-cell count is seen at about the
twentieth day in curves 1, 4, 8, 9, 10, 11, 13, 19, 20, 24, and 26, and tfe
tendeney is detectable in curves 3, 7, 21, and 25. The second peak s
less regular in occurrence but it is noticeable in many curves, mcludli,
numbers 1, 2, 6, 7, 13, 15, and 16. The likelihood of the inercases belgg
due to a periodic influx of new immature red cells has been ruled out {;3
Maizels (12).

After considering the phenomenon in question from many ‘m"l(g,,
the authors have lmen obliged to conclude that the peaks 1epxesent trge
inereases in the number of donor cells in circulation. If this interpretg-
tion is correct, it would seem that all the cells that disappear from t
circulation are not necessarily destroyed, but that some are stored amd
may be released again. The process of release is not sudden bgt
gradual, usually taking place over a period of ten days or more. Ag¢-
ministration of epinephrine to some patients, and subjecting others g
exercise have failed to produce an increase in cireulating donor celf,
although definite increases in the number of reticulocytes in circulatigh
have been observed. The rather gradual release of donor cells ob-
served does not suggest the action of epmephllne or other rapidly a(%—
ing agent or mechanisni.  The inerease in count is not accompanied K}
any chan'*e in hemoglobin or in total eell count. N

If it is true that some cells are stored and released again, the actu&ﬁ
survival is better than indicated by the curves in figure 1. One & &
foreed to conelude that the number of surviving donor cells prior to cagh
peak on the curve may possibly be greater, but is never lower than tB&
peak value. Thus, in curve 16, if the survival at the seventieth day & &
80 per cent, the survival prior fo this peak must be at least as great. §

The period during which donor cells may be detected in the circulg
tion ol)viously is not the most important index of the usefulness of the
specimen.  In curves 17 and 18, the transfused bloods stored applo@
mately for the same length of time show equal survival, viz. 100 day@
but thie proportion of cells surviving at any one time durm'r that peu@
was very much greater in case ]‘3 The important consulemtlon 5
Llelldtll]"' the usefulness of stored blood is the proportion of cells B
circulation duri ing the eritical period of need, i.e., usually a week or ev@
less. 1t will be obsen ed that in thirty-day- old bIood cell survival afte
transfusion is usually considerably less than with fresh blood even &
early as the tenth day, but in subjects 24 and 26, survival is very good.

In three recipients, namely numbers 30, 31 and 32, and possibly al@
in number 12, cell elimination was unusually rapid considering the a@
of the donor sample. A second transfusion from a different dono®;
therefore, was given after the first cells had disappeared, to asceltag
whether the phenomenon was due to the quality of the donor blood, ot
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to a propensity of the recipient to destroy cells at an abnormal rate. IF
will be observed that the second donation in each instance also wag
rapidly disposed of, usually within sixty days. g:

Subject number 30 had pernicious anemia, and at the time of thg
first transfusion had a hemoglobin value about 45 per cent of normalk
(loincident with the transfusion, liver therapy was started and within 2
few months the hemoglobin value was restored to normal. Since it ig
known that the rate of red cell destruction is not abnormal in pernicious
anemia, it is almost certain that the rapid elimination of cells was nof
connected with the anemia. This is indicated, furthermore, by the res
peated behavior after the second transfusion (b). Since the second
donation also was eliminated rapidly, it seems logical to conclude tha¥
the rate of cell elimination depends not only on the quality of the transs
fused cells, but also on the propensity of the recipient. This is som
what disconcerting since, if true, the cell-survival method is not a test
of the effects of storage alone. In this type of study, therefore, one i§
dealing with three variables, namely, the quality of the donor cells, the
effects of storage, and the properties of the recipient. 3

If some recipients tend to eliminate transfused cells at an unusuall&
rapid rate, it is logical to suppose that there are others also who tend ]k%
destroy them at a rate slower than normal. Subjects number 5 and 16
may belong to such a group. This tendency to destroy cells or to sparg
them is probably not a constant characteristic of the recipient but thg
property of elimination may be subjeet to variation. Q@

In none of the recipients who received blood over 35 days old, wa§
there any sign oficterus. The low bilirubin values at the fourth howg
after transfusion indicates that there was a gradual destruetion of cell§§‘
On the other hand, curve 29 indicates that there was a fairly rapid r&
moval of cells during the first day or so after transfusion but not su
ciently rapid to cause icterus. All the older bloods represented @
table 3 were quite stable in their own plasma and also in fresh cor®
patible plasma. )

An effort was made in the present study to use the arca under t}
cell survival curves, up to the thirtieth day, in figure 1, as an index
the performance of the respective donor bloods after transfusion.
this procedure there is no correlation between the areas and the respe
tive periods of storage. N

Since preserved erythrocytes undergo considerable change in cofi-
position by the fifteenth day, and yet are capable of normal survival
when placed in the circulation, it would appear that either the tran‘g-
fused cells undergo a reconditioning process, as suggested by Maizels
(12), or that the alteration during storage is not sufficient to impagr
their functional properties. Maizels has submitted evidence that &t
least the disturbed electrolyte distribution between red cells and plasm_:}?_l
is corrected within twenty-four hours after transfusion. It is not um-
reasonable to suppose that, within limits, autolytic changes also may e
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reversible when cells are placed again in the circulation. After fifteef
to eighteen days’ storage the alteration in an increasing number of cells
becomes irreversible, resulting in impaired function and more raplg
destruction. 2

In the operation of a blood-bank it is necessary to maintain a stock
of plasma as well as blood. The practice, in the past, has been to di%
card the cells after removing the plasma. During the past year or s
however, there has been inereasing interest in the utilization of the collx,,
particularly in the treatment of secondary anemias. TUsually the cell§
are suspended in phvcm]o"lc saline solution and administered nnmedrg
ately. If stored in saline, they begin to hemolize after three or fous
days, largely because of the low protem concentration of the extem(ﬁ‘
medium. This difficulty may be overcome simply by storing the samplg
after removal of the plasma, and by resuspending the ecells in saling
dextrose, containing a very small amount of citrate, when they ave tg
be used. If this practice is adopted it is preferable not to use centrid
fugation, but to permit spontaneous sedimentation of cells for a week l)(rm?
fore removing the plasma. Red cells stored in the residual plasma keeg
practically as well as in whole blood. Specimens may be reconstitut(g
after storage for a month or six weeks without hemolysis although the
cease to be comparable to fresh cells after about fifteen days.

CoxcLusioxs
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From the foregoing discussion it ix apparent that the conditions o
storage are not the only factors influencing cell survival after transy
fusion. Differences in the stability of individual bloods, in the collC>
destroying propensities in recipients, and the inconstaney of both t]msg
factors.in any individual, make difficult the interpretation of results8
Whether this variability is aceentuated in mental subjects is not knowng
The difficulty of interpretation in survival experiments may he red
duced by dividing cach preserved specimen among two or more recipig
ents. 3
Both the buffered and the unbuffered preservative mixtures used ifg’?
this study give very satisfactory preservation of the erythrocytes. Thi
buffered solution tends to reduce the packing of cells on sedimentatios
and henee facilitates resuspension. It also is the more effective in reR
tarding autolytic changes during storage, notably the breakdown o
Iabile organic 1)]10<plmte compounds. Despite these merits, howevel¥
the actual red-cell survival after transfusion was not noticeably superw@
with the buffered solutions. While some bloods keep better than other <T—
as a rule cells stored up to 18 days may be considered equivalent to fresiB
cells. No toxicity develops in blood stored up to two months, i.e. lon®
after the majority of the cells have lost their funetional qualities.

The relatively rapid disappearance of other elements, such as whmro
cells, platelets, plotlnombm, complement, and hemopoietic propertmﬁ"J
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from blood during storage presents no serious problem since when freslg
lood may be required it is usually obtainable from the blood-bank. Fog
<econdary anemias, and especially for treating acute hemorrhage, bloo®
stored for three weeks and even longer, is efficacious. Under war con%
ditions, and particularly in areas within bombing range, it is necessaryg
{o maintain large supplies of blood and plasma. While it is desirableg
io keep within the three-week storage limit, there should he no hesitatior
in using specimens up to a month old in emergencies. Numerous ing
stances have been reported in the present war when month-old blood has
iwen used with good results.
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The merits of two preservative mixtures were compared by storin
hlood at 4 C. for various periods up to fifty-seven days, and by follows
ing red-cell survival after transfusion. One preservative solution cond
sisted of citrate-dextrose and the other, a similar mixture buffered witly
phosphate at pH 7.4.  Both solutions were isotonic with normal plasmg
and were used with blood in the proportion of one volume of the ]ntte@
to one half volume of diluent. Under these conditions red cells can hg
stored for six weeks, and in some instances two months, with less tha®
1 per cent hemolysis. The buffered solution tends to prevent densg
packing and cohiesion of cells during sedimentation, and is more cﬁ'cc%
tive than the unbuffered mixture in retarding autolytic changes, par®
ticularly the breakdown of organic phesphates, during storage. 2

Thirty-five transfusions were performed and cell survival was folg
lowed by the method of Wicner. Despite the merits of the buffered
mixture, red-cell survival was not notieeably superior to that obtained
with the unbuffered solution. With either mixture, red cells stored ug
to eighteen days survive as well as fresh cells after transfusion and nm§
he detected in the ecirculation for about one hundred twenty-five day®
Samples stored for twenty-four days undergo slightly more rapid elimfg
nation, but in several instances the cells did not disappear cmnplotelg
until about the one hundred twenty-fifth day. Beyond twenty-foug
days’ storage, cell destruction after transfusion is still more rapid ang
the maximal survival time is decreased.  There is evidence that cells arg
not necessarily destroyed as soon as they disappear from the cireuld®
tion, but that a considerable number may reappear later, usually b&
tween the 15th and the 25th days, and sometimes about the 60th da®
after transfusion. Even with thirty-day-old blood, cell survival is suﬂﬁ
ciently good during the first week after transfusion to warrant using
such samples in emergencies.
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ANESTHESIA ESSAY CONTEST SPONSORED BY THE
AMERICAN SOCIETY OF ANESTHETISTS. INC.

-\ prize of $100 will be given by the American Society of Anes-
thetists, Inc., for the best original essay contributed on some phase
of anesthem The following committee has been appointed to draw
up rules and regulations, and judge the essays: Wesley Bourne,
M.D., Chairman; R. Charles Adams, M.D,, Stevens J. Martin, M.D.,
and Maurice H. Seevers, MLD. The following conditions must he
ohserved : .

1. The contest is open to post-graduate medical students (resi-
dents, fellows. ete.) of anesthesia anywhere. Tt is not open to men
or women in the practice or teaching of anesthesia.

2. Manuseripts shall he tvpe\sritten in English, with the name
of the contest for which the essay is submitted, and the only means
of identification of the author shall be a motto. or nom-de-plume,
which shall in no way indicate the author’s identity. The essay
shall be accompanied by a sealed envelope bearing on the outside
the same nom-de-plume and containing a card showing the name and
address of the contestant,

3. Manuseripts must he limited to not less than 2,000 words and
not more than 6,000 words, double-spaced, on one side of the paper
and with ample margins.  Illustrations shall be restricted to such
as are required for clear exposition of the thes

4. Four copies of all manuseripts and illustrations entered in a
siven year must be in the hands of the Secretary of the American
Society of Anesthetists before October 1st (Dr. \Id\mnle L. Phelps,
745 Fifth Avenue, New York 22, N, Y.).

5. If the committee considers that no essay or contribution is
worthy of a prize, it will not be awarded.

6. Any essay that may win the prize automatically becomes the
property of the American Society of Anesthetists, Inc., to be pub-
lished as it may direct. Unsuecessful contributions will be returned
promptly to their authors.
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The first prize will be awarded at the Annual Meeting of the
American Society of Anesthetists, Inc., in December, 1944,



