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~~~~~ For the past 10 years the Naval Blood Research Laboratory, Chelsea , 
/

at large. •

Massachusetts, has been Involved In extens ive research into freeze-preservation /
~~~~ of red blood cells. Glycero l has been added to conc entrated red cells to achieve / 

I ~
)

a final concentration of 20% WIV or 40% W/V. The red cells have been freeze- / I //preserved, and after thawing have been wash ed to reduce the glycerol concen - / /tration to less than 1% W/V (Valeri, 1910). ThIs procedure preserves only the / /red cells , and not the whole blood. Whole blood that Is not used while it is / ~ I~ )1 /fresh should be separated Into Its components, and the Isolated red cell concen - A “trates should be preserved by liquid and freez ing procedures. - - -~~ - -55
~
”

Acid -citrate -dextros e (ACO) collected red cells can be kept at 4°C for no \ . /longer than 24 hours before freeze-preservation It the oxygen transpor t function ‘\Is to be maintained . Citrate-phosphate-dextrose (CPD) colle cted red cells can
be kept at 4°C for 3 to 5 days. CPD maintain s the oxyg en transport functi on
more adequat ely during pre-freeze storage than does ACt) (Valerl, 1971; Valerl,

-p 1974a); usually this function is not altered by freezing, thawing , or washIng.
Red cell concentra te, that were stor ed in CPD at 4°C for 3 to 5 days before

freeze-preservation are referred to as non-rejuvenated frozen red cells (Valerl,
1974a). A simple procedure develope d In our laboratory allow s us to modify the
biochemistry of red cells to contro l the oxygen transport fu nction: this is called
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PIGURC I • 1A comb ination of liquid and Irsuing procedure s to preserve human red cells. - Factorsthat Influence the qualIty of the red blood cells are : pre-freeze storag e at 4’C. composition .- ._~~~~. •of the rejuvenation solutions, freezing methods, washIng methods , and the length of • _______________postthaw storage at 4 C  In sodium chloride-glucoe..phosphate.
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rejuvenation. Red cells that were stored in CPD at 4°C for 3 to 5 days and
rejuvenated with a solution containing pyruvate , inosine, glucose , phosphate ,
and adenlne (PIGPA, Solution A) before freeze-preservation are referred to as 

____________

Indated-rejuvenated f rozen red cells (Valeri, 1974b). Red cells that were stored 
_______

in ACD at 4°C for as long as 35 days and rejuvenated with the PIGPA (Solution
• A) before freeze-preservation are referred to as outdated-rej uvenated frozen red

cells (Vain and Zaroul is, 1972a,b). The additives used in the rejuvenation pro-
cedure are potentially toxiC, but sin ce they are removed during postthaw washing,
they present no cause for concern. Both non-rejuvenated and rejuvenated red cells
can be freeze-preserved with either 20% W/V glycerol and stora ge at —150°C
using liquid nitrogen , or with 40% W/V glycerol and storage at —80°C using

• mechanical refrigeration. After thawing and washing red cells are therapeutically
effective and they can be stored at 4°C in a sod ium chlor ide-glucose-phosphate
solution for at least 3 days before transfusion without deterioration (Fig 1)
(Valeri and Zarou lis, 1972a,b; Valeri, 1974a). .• 

~~~~~~ :-~:This paper reports simple methods to add glycerol to non-rejuvenated and
rejuv.natsd red Calls in order to achieve final concentrations of 20% W/V and
40% W/V glycerol. The gly cerol can be removed from the thawed red cells by
washing with sodium chloride solutions In any one of three commercially
available systems

MATERIALS AND METHODS
Red Cell CoU.ctlon and Storage At 4°C Prior to GIyc.roffzatIon and Freeze-

• From each healthy volunteer approximately 450 ml of blood was collected
in a double or triple blood pack plastic bag (1) containi ng 63 ml of citrate-
phosph ate-dextrose (CPD) or 87.5 ml of acid-citrate-dextro se (ACD). The blood
was centrifuged at 4500 X g for 3 minutes at 22°C in a Sorvall RC-3 centrifuge (2),
and the platelet-rich plasma was expressed into a tra nsfer pack. Platelet-poor
plasma and cryoprec ipitate were prepared , and plat elet concentrates were
prepar ed for liquid and freeze-preservation . The blood was kept at room tem-
perature for as long as 4 hours while the components were being prepared. Some
of the red cells were concentrated to hematocr ita of about 70 VS and were stor ed
in the liqui d state for 3 to 5 days at 4°C. Other unfts were prepared for glycero-
lizatlon at- room temperature (22°C) at 3000 X g for 7 minutes in a PR-S centri-
fuge; (3) all the visible plasma was removed to~obtain red cell concentr ates with
hematocrits of about 90 VS.

Still other units were stored at 4°C for as little as 3 days or as long an 35
days before incubation at 37°C for 1 hour with a rejuvenation so lution (vide infra)
prior to glycerolization and freezing . Rejuvenation was performed in the following
manner: Aftir the concentrated red cells had been stored at 4°C in CPD for 3
to 5 days (indated red cells) or in ACO or CPD at 4°~ for 22 to 35 days (outdated
red cells), a 50 ml volume of a rejuvenation solution was added to each unit. The

• 1. Fsnw.l Laboratoriss, Morton Grove, Ill . ACCESSION f~
• 2. Ivan SO.V.I( Co., Plswtown, Conn. NTIS White Sictiss j

3. InternatIonal Equlpm.nt Co., Ns.dham, Mass. 
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rejuvenation solution contained per liter 9 g of sodium chloride , 50 mrnol
pyruvate, 50 mmol inosine , 100 mmoi glucose, 50 mmol phosphate , and 5 mmol
adenine, with the pH adjusted to 7.2 (PIOPA, Solution A). Using an AE-7 con-
nector (1), a 50 ml aliquot of the rejuvenation solution was added aseptically to 

•the red cell concentrates of 70 V%. Each unit of blood was then placed in a
water -tight plastic enyelope and incubated at 37°C with agitat Ion for 1 hour.
The red cells were concentrated by centr ifugat lon , the supern atant fluid was
removed , and the glyc erol was added to the red cell concentrates with hematocr its
of 9O V%. I. •

.; ~~~ •~~~~~.: 
-

TABLE t • •  
_ _ _  _ _ _ _

THE WEIGHT OF CONCENTRATED RED CELLS WITH HEMATOCRITS
OF ABOUT 90 V% WAS MATCHED TO THE VOLUME OF THE

8.2 M GLYCEROL SOLUTiON USING NOMOGRAM

~~lght of Concentrat.d Initial Volums of Total Volume of 
-

Red Cells with Hsm to. Glycerol Glycerol
crits of about 90 Vs Solution added Solution added

1gm) (ml) Imi)

80-120 40 150
121 - 160 50 - 

200 - 
~~~~~~~161 200 60 250

201 240 75 300 •
241-280 85 350
281 - 320 100 400

• ~~~~~~~~~~~~~~~~~

HlgIiOIyosruIRsd CsII. •

Rid call concentrates were placed itt a modified Eberbach shaker (4) (2-
sp ied power unit) capabl e of holdi ng 8 units of concentrated red cells in a
horizontal position. Each plastic bag was secured to prevent slipp age duri ng
agitation. With an AE-7Y connector set (1), a vo lume of the 6.2 M glycerol solution
contain ing per 100 ml: 57.1 g glycerol , 0.03 g potassium chloride , 0.04 g magnesium
chloride , 1.6 g sodium lactate , and 0.08 g disodium phosphate, adjusted to pH -

6.8, was added to the concentrated red cells. Table 1 shows the initial and total • 
• 

_____

volume of the 6.2 N glycerol solution that was required to achieve a final glyce rol
concentration of about 40% W/V. The non-rejuvenated red cell concentrates were •

stored for about 2 hours at room temperature prior to glycero lization. The
rejuvenated red cell concentrates were kept for about 2 hours at room tempera-
turs, and then for 1 hour at 37°C prior to glycerolization. The glycerol solution •

either was kept at room temperature (22° to 25°C) or was warmed to 37°C prior 
______

to use. The initial volume of glycerol solution was added to each red cell con- -
~~ 

-

centrate in about 2 minutes using the modified shaker set at a low speed (about ~
4 . Ciyogonic Equipment Corp., Bucksystown, Md.

90 

• 

• 
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I
• 150-200 cycles per minute). The glycerol-red cell mixture was stored at room

temp erature for about 10 minut es, during which time It was transferred to a
bioriented polyolefin plastic bag. (5) After 10 minutes the remainder of the
glycerol solution (Table 1) was added to the red cell-glycerol mixture with manual
agitation. The plastic bag was placed In a special freezing frame (4) and stored
in a -80°C mechan ical freezer. •

Low Glycerol Red Cells - 
-

Using the modified shaker , red cells were glycerolized to a fin al concen- - -

tratlon of about 20% W/V by the addition of a solution containi ng per 100 ml:
35.0 g glycero l, 2.88 g mannitol , and 0.65 g sodiu m chloride , equal to the weight
of the red cell concen!r ate with a hematocrit of about 90 VS. The non-rejuvenated
red cell concentrates were stor ed for about 2 hours at room temp erature prior to
glycero lization . The rej uvenated red cell conc ,ntrates were stored for about
2 hours at room temp erature and then for 1 hour at 37°C prior to glycero llzatio n.
The glycerol solution either was kept at room temp erature or was warmed to
37°C prior to use. The glycerol was added with lateral agitation of about 150-200
cycl es per minute , and the red cel ls were placed in a blor iented polyo lefin
plastic bag (5) and stored in either aluminum or anodized contain ers. After rapid
freezing by direct immersion in liquid nitrogen (—197°C), they wer e stored in the
gas phase of liquid nitrogen at —150°C.

Thawing, Washing, and Postthaw Storage At 4°C
The 40% W/V glycerolized freeze-preserved red cells wore thawed within

10 minutes at 37°C with mechanical agitation of the water. The thawed red cells
were washed in one of the followi ng ways : (1) by continuous-flow washi ng in

• the non-automated Haemonetics Blood Processor 15 (6) using disposable rigid
polycarbonate bowls and a bypass harness to connect the wash solutions to the
washing bowl; (2) by continuous-flow washing in the automated Fenwal Elutra-
matic System (1); or (3) by automat ed serial centr ifugat ion in the IBM Blood
Processor (7). All of these washi ng systems utilize sodium chloride solutions.
The 40% W/V glycerolized red cells were washed with the followi ng solut ions :
150 ml 12 g% sodium chloride buffered to about 7.2 with 0.15 g% disodium
phosphate; 1 or 2 1 1.6 9% sodium chloride solution contaIning 0.03 g% disodium
phosphate adjusted to about pH 7.2; and 1 1 0.9 9% sodium chloride solution
contaIning 0.2 g% glucose buffered with 0.065 g% disodium phosphate to a pH• of about S.& 

• 
~~~~~~~~~~~~~

The 20% WIV glycerolized freeze-preserved red cells were thawed within
8 minut es at 42°C with manual agitation of the unit of blood in the water bath,
and were washed as described above. These low glycerol red cells were washed
with the following solutions: 500 ml 3.2 9% sodium chloride so lution buffered
to about 7.2 with 0.065 g% disodium phosphate, and I or 2 1 0.9 g% sodium 

_____________

chloride solution containing 0.2 9% glucose buffered with 0.065 g% disodium
phosphate to a pH of about 6.8. • 

~IL5. UCAR (Mica Corbid. Corp Qilcago. Ill. 
- :4

5. H.smon.tlc. Corp., Natick, Mus
7. IBM Corp., PrInceton, N.J.
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H.smon.tlcs Blood Processor 15
This continuous-flow centrifugat lon system was not used with a programm er.

The wash solutions were delive red by gravity flow Into a disposable rigid poly-
• carbonate bowl. It takes about 3 minut es to set up the bowl, the bypass harness,

and the solutions. One hanger was 39¾” from ~he base of the pole, another
was 32¼” from the base, and the third was 17” from the base. The topmost
hanger held the thawed blood, the middle hanger held the 150 ml 12 g%
sodium chloride solution and 2 8 1.6 g% sodium chloride , and the bottom hanger
held the 1 1 0.9 g% sodium chloride-glucose-phosphate solution. After thawing ,
the high glycerol red cells were diluted with 150 ml 12 g% sodium chloride

j solution and equilibrated at room temperature for at least 2 minutes. Using the
bypass harness, these diluted red cells were delivered simultaneously wIth 2 1
1.8 g% sodium chloride solution into the disposable bowl which was spun at 4800
rpm at room temperature, followed by the addition of 1 1 sodium chloride -

• glucose-phosphate solution. The flow rate of the diluted blood and the 3.2 1
sodium chloride solution was approximately 200 ml per minute. Washing was
performed at room temp erature In about 20 minutes. The washed red cells had
hematocrft values of about 40 VS. and the final wash solution served as the
resuspension medium in which to store the washed red cells at 4°C for at
least 24 hours before transfusion. - 

- •

The thawed red cells contaIning 20% W/V glycerol were diluted with 500 ml
3.2 g% sodium chloride solution. The diluted red cells were added to the
spinni ng disposable polycarbonate plastic bowl, and when the supernatant fluid
was displaced into the waste receptable, the residual diluted blood was added

• together wIth 2 1 0.9 gS sodium chloride solution contain ing 200 mgS glucose
• and 0.065 9% disodlum phosphate buffered to a pH of about 6.8. The red cells

were washed wIth 2.5 1 of wash solution by gravity flow in a disposable poly-
carbonate rigid bowl which was spun at 4800 rpm for about 15 minutes at room
tsmperature~ The flow rate was about 200 ml per minute. After washing, the red
cells had hematocrits of about 40 VS and were stored in a sodium’ chlor ide-
glucose-phosphate solution for at least 24 hour .. 

- 
.. — 

~~~ .‘:

Only two units of high or low glycerol red cells of the same ABO and Rh • • • • 

‘:~~~ —~~~
‘

blood typ. were washed in each 400 ml volume disposable bowl. Before trans.~fusion the red cells were concentrated by centrifugatlon arid the hematocrlt was
adjusted to about 90 VS by removal of iii the visible supernatant solution.

- I FsnwaI Elutramatic System . 
-, ~~~~

Both high and low glycerol red cells can be washed in this system. Two
unit , of either 40% W/V or 20% WIV glycerolized red cells can be washed at one
time using disposable polyvinyl chloride collaps ible plastic bags. A programmer
module was attached to an RC-3 Sorvall centrifuge , and the diluted glycero lized
red cells and the wash solutions were delivered into the washi ng bags. It takes
about 10 minutes to set up the elutrapack (1) and the solutions in the washer. 

____________

The elutrapack was used with 2 V-sets. Prior to connection to the elutrapack ,
the 40% W/V glycero lized red cells were diluted with 150 ml 12 g% sodium
chloride solution and equilIbrated at room temperature for at least 2 mInutes.

62 ~~~~
- -

_ _ _ _ _  _ _ _  - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Pro~a.ofngs 01 Australian Soclsly of Blood Transfusion Sympo~Ivm,
Canbsff.. 30th SspNrnS.r. 1974.

* 
-
~~~~~~~

. . 
~~~~~~~~ 

- •;•L

They were then diluted with 500 ml 1.8 9% sodium chloride solution. The diluted • —

red cells were connected to one segment of the V-set, and I S of 1.6 g%
sodium chloride solution was connected to the other . By pulsating flow of about
500 ml per minut e, the diluted blood was delivered Into the coll apsible poly-
carbonate bags whose volume was about 600 ml. The spillage of the red cells
from both bags started the centrifuge to accelerate to a speed of 3100 rpm at a
temperature of 22° to 25°C. The centrIfug, spun for about 20 seconds with no

• flow of th . fluid through the .~~l, duri ng whi ch time the centrifuge speed •

accelerated from 0 to 1600 rpm. The fluid was then pumped through the rotating
seal. After sedimentation of the red cells within the washing bag, pulsatlle flow

• was resumed and the remainder of the diluted glycerolized red cells was trans- •

tarred into the washing bag together with the 1.6 9% sodium chlorIde solution
at a flow rate of about 110 ml per minute. The diluted red cells and the 1.6 g%
sodium chloride solution were delivered, and by setting the timer for 12 minutes
all of the red cells were recovered. The containers of diluted blood and of 1.6 g% •

• sodium chloride solutions were adjusted to a height that would permit simul- • 

, • 

-

taneous delivery of all of the diluted blood and about 200-300 ml 1.6 9% sodium •
~~ --

chloride solution within 9 minutes, and then delivery of 250-300 ml 1.6 g%
sodium chloride solution into the washing bag with the final 3 minutes. Afte r all• of the red cells and most of the 1.6 g% sodium chloride solution had been added ,
1 1 0.9 g% sodium chloride-glucose-phosphate solution was added by switching
to the second timer for an 8-minute period. Two units of red cells containin g
40% W/V glycerol were washed at the same time; each unit required a total of
about 27 1 sodium chloride solution. The washed red cells can be concentrated
by centritug atlon at 3100 rpm for 2 minutes , and after the sup ernatant fluid is
removed, the concentrated red cells are transferred into the administration bag.
Alternatively, the washed red ceils with hematocrits of about 40 VS can be

• transferred at a flow rate of 500 ml per minute into the administration bag and
stored at 4°C for at least 24 hours , at which time they can be centrifuged , the

• 
supematant fluid removed, and the hematocr lt value adjusted to about 90 VS.

The thawed 20% W/V glycero lized red cells were washed with 750 ml 3.2 g%
sodium chloride solution , and 1 5 sodium chloride-glucose-phosphate solution.
First they were diluted with 250 ml 3.2 gS sodium chloride solution , after which
the diluted red cells and 500 ml 3.2 gS sodium chloride solution were connected
by a V-set to the elutrapac k washi ng system. The diluted red cells were pumped at
a flow rate of about 500 ml per minute into the washIng bags , and when the bags
were full the red cells spilled thro ugh the effluent tubes and triggered the centr l-

• . hag, to spin while the pump was stopped. The centrifuge spun for about 20 seconds
and the red cells were sedimented , The pulsatile flow was resumed , and the reel-

• dual diluted blood together with the 500 ml 3.2 9% sodIum chloride solution were
pumped into the washing bag at a flow rate of about 110 ml per minute. WIth
the timer set at 5 mInutes, all of the diluted red cells and most of the sodium

• chloride solution was delivered Into the washing bag. One 1 0.9 g% sodium
• chloride solution contaIning 200 mg% glucose and 0.085 g% disodium phosphate

buffered to pH 6.8 was then added by switchi ng to the second timer that con-
trolled the pulsatite pump for 8 mInutes. The washed red cells can be concentrated - 

- 
•

• - ,  
‘~~~
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by centrifugatlon at 3100 rpm for 2 minutes , and after the supernatant fluid is 
_______

removed, the concentrated red cells are transferred into the administration bag , —

at a flow rate of about 500 ml per minute . Alternatively, the washed red cells with _______

hematocrits of about 40 VS can be transferred at a flow rate of about 500 ml
per minute into the administration bag and stored at 4°C for at least 24 hours ,
m d  before transfusion concentrated to hematocrits of about 90 V%. ——
IBM BIood Proc.ssor 

-Both high and low glycerol red cells can be washed in the IBM Blood .

•

Processor using automated serial centr ifugatlon. It takes about 5 minutes to
set up the washi ng harness and the wash solut ions. The 40% W/V giycerolized
red cells were diluted with 150 ml 12 g% sodium chloride soluti on and equilibrated
at room temperature for at least 2 minutes , and then diluted with 500 ml 1.6 g% 

•

sodium chloride solution. With the programmer , the centrifu ge speed was set at
3000 rpm. Approximately one-half of the volume of diluted red cells was added
to the washi ng bag, and the red cells were sedimented for 2½ minutes. When •

• th. centrifuge stopped, the supernatant was decanted . The rate of supernatant
decantatlon was set at 350 ml per minute , the rate of pump restoration at 350 ml
per minute , and the supernatant volume was adjusted to 600 ml. With to-and-f ro
agitation the remainder of the diluted red cells was added to the 650 ml volume
polyv iny l chloride plastic washing bag. The centrifuge was spun at 3000 rpm for
2½ mInutes , and when it stopp ed the superr iatant was decanted. With to-and-fr o
agItation 500 ml 1.6 g% sod ium chloride solution was added together with the
residual dilut ed blood when present. The centrifuge was spun at 3000 rpm for
1¾ mInutes , and when it stopped the supernatant was decanted. Afte r this

• 
• approximately 500 ml 0.9 g% sodium chloride solution was added with agitation ,

• and the supernat ant was decanted on two separate occasions. The f inal hema-
tocrit of the washed unit was adjusted to about 40 V%. After washin g, which
took about 20 minutes , the red cells were transferred into a transfer pack and
stored at 4°C for at least 24 hours. At the time of transfusion they were con-
centrated by centrifugation , the superna tant fluid was removed , and the hematocrit
was adjusted to about 90 V%. 

~:— ~ 
•

The same setting on the programmer was used to wash the low glycerol
• red cells. The thawed red cells were diluted with 500 ml 3.2 g% sodium chlôride

solution , and were added to the washing bag in two parts. They were washed on
two separate occasions with 500 ml 0.9 g% sodium chloride-glucose -phosphate 

• •

• solution. 
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Bacteriologic Studies ~~~~~~~~~~~~~~~~~~~ 

- -
:________

Cultures of 0.5 ml aliquots were made on blood agar and in peptone broth •

before glycerolization, after thawing and washing, and after storage at 4°C
for up to 7 days; these were incubated at 37°C for at least one week.
Measurements In Vitro of Washed, Freeze-Preserved Red Cells • -

Recovery in vitro (5) of the freeze-preserved red cells was measured after
thawing and after washing (Valeri et al, 1970). Supernatant hemoglobin con-
centrations (mg per 100 ml) and total amounts of supernatant hemoglobin (mg
per unit) were measured upon thawing and after washing and during poetthaw • •

storage at 4°C as previously described (Valeri et al, 1970). Osmoiality o f the 
_____________

• . —~~~• • .
5 .

- - ••
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_ _ _ _ _ _ _

resuspension medium was measured in mill iosmoles per kg of water in an
osmometer (8). The amount of 1251 albumin that was removed during washi ng • 

p

was measured. Red cell potassium and extracell ular potassium were measured -

as previously described (Valeri et c i, 1970).
• ~~~~~~

Bioch emical Measurements and Oxyhemoglobi n Dissociation Curve •

Red cell 2,3-DPG and AlP levels were determined as previously described. •

Whole blood lactate was measured spectrophotometr icaily (Valer i and Fort ler , •

1969). Uric acid, phosphorus , and creat inine levels were determined in the
AutoAnalyzer (Kraml , 1966; Hawks et ml, 1954), and inosine and hypoxanth lne

• levels by a modification of the enzymatic method of Kalckar (1947). Glycerol was
• also measured In the AutoAnalyzer by a chromotropic acid procedure both after

thawing and after washi ng (Runck and Valeri, 1972).
• The oxyh.moglo bin dissociation curve was determined at 37°C by the

Beillngham and Huehns procedure (1969) with the use of a diluted washed red
cell suspension (I volume red cells to 70 volumes 0.9 g per 100 ml sodium
chl oride buffered to pH 7.2 with 0.100 g per 100 ml disodlum phosphate), and the
P50 value is reported. The carboxyhemog lobin level was measured spectrophoto-
metrically (9).

Blood pH was measured at 22°C and at 37°C in a PH/gas analyzer. Red cell
pH was measured at 37°C by the procedure of Hilpert and associates (1963).

Survival In Vivo of Rejuvenated and Non-Rejuvenated Freeze-Preserved Washed 
S

Red CIII.
The recipients were patients who requir ed treatment of deficits in their red

cell masses caused by traumatic injuries , neoplastic disorders , or other dise ases.
Some received as few as 2 and others as many as 6 unIts of either rejuvenated •

or non-rejuvenated freeze-preserved washed red cells. The compatib ility of donor
red cells was tested by saline, albumin, and ant lglobu lin procedures.

, ,f  ~ -‘ • -.
S . •

~ fla## i~- - • • -

~~~~~~~~~~~~~~~~~~~

H ~~~~~ ~~~~~ 
_ _ _ _

START PL ASMA FREEZE -THAW WASHING POST-TRANSFUSION - _____

REMOVED LOSS 1.095 LOSS _____

(a? non-viable cells)
- 5

-

FIGURE S -~~~ - _____

The Index of therapeutIc •fI.ctivsnass (JIB) represents the number of collected red cells
In the ,edpisnt a circulatIon 24 bows after transfusion.

. ,
•

~ _ _ _

5. Advanced tnskurnsnti, Inc., Nosdham, Mass. - 
_____

9. Co-oxlmeter, Model 152, InstrumentatIon LaboratorIes, Lexington, Mass. ~~~
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The recipient’s red cell mass was measured Immediately before transfusion
with the use of 5 or tOpCi of labeled sodium chromate (Na,SiCrO4) as described
previously (Vaieri et ml, 1970). A sample of the recipient ’s blood was collected
before trans fusion for measurement in the AutoAna lyzer as a guide in estimating —

the percentage of ‘unr emoved’ recipi ent red cells in the circulation. Subsequent .;  S

samples were collected immediately after the transfusion , 4 hours after trans-
- fusIon, and 1, 2, and 3 days later , and in some cases at weekly intervals there- - .

after. The percentage survival of the donor red cells was determined using an - 
-

automated differential agglutination procedure. Survival values of small aliquots
of the rejuvenated and nonrejuvenated red cells were measured using a 51Cr 

- 

-

labeling procedure as previously described (Valeri , 1974a ,b; Valeri et al, 1973) .
Therapeutic Effectiveness - 

- •

• The Index of therapeutic effectivene ss refers to the percentage of originally -

collected donor red cells that have a potential for normal Iongterm survival in the
recipient (Fig 2) (Valeri, 1970). To calculate the Index the recovery in vitro Is . 

-

multiplied by the 24-hour posttransfuslon survival of the recovered red cells. 
-
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~~~~ ~~~~~~~~~~Dilution el 40% WIV .glyceroffzed red cells fJ,,t with 150 ml of 12 g% sodium chloride

solutIon, and then with 450-500 ml of 1.8 g% sodium chloride solution In the Fenwal
Elutramatic or in the IBM Blood Processor, prior to recovery and washing wIth sodium ‘ -
chiodde solutions. UnIt. washed in the Hsemonetlcs Blood Processor 15 were diluted
only once. 

— - ~
. ; . S ~~~~~~~~~~~~~

RESULTS - . _ _ _ _ _ _ _ _ _

The P55 value of the oxyhemoglobin dissociation curve of normal red cells .:
collected In heparln and washed prior to test ing was 27 ± 1 mm Hg (mean ± I

S.D.), the ó.rboxyhemoglobln leyel 1 to 2% , the red cell AlP level 3.9 ± 1.0
~mol g hemoglobin, and th, red cell 2,3-OPO level 12 ± 1.2 pmol g hemoglobin. 

•All units of washed freeze-preserved red cells were sterile irrespective of . 1 -

the processing method. ::
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FIGURE 4 ~~~
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Dilution of 20% W/V glycerol ized red cells with 250-500 ml of 3.2 g% sodium chloride
solution prior to recovery and washing with sodium chloride solutions in one of the
thrs. systems. - - - . - 

- I - .
- i~- ~~~~~ ~~~Figs 3 and 4 outlin e the external dilution principles fo r washIng the high and

low glycerol red cells In the IBM Blood Processor , the Fenwal Elutramat lc , and
the Haemonetic s Blood Processo r 15. Also shown are the washing principle , the
set-up time , the washing tim e, the volume of sodium chloride solutions , total
time for preparation excluding the time of thawing , and the number of units that
each machine could handle at one time. . - - 
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FIGURE IA S’$ .

The I’Cr 24-hour posttransfuslon survival, rscovety In vitro, Index of therapeutic effectIve- -

flees, supematsnt hemoglobin level (mg%), blood pH, and supsmatant osmolallty. 7,

Autologous red cell concentrates were stored at 4 C  for 3 days, freeze-preserved with 40%
WIV glycerol at -I0’C. thawed at 37 C, washed, and stored at 4 C  In a sodIum
chIodds-glucosa-phosphate solution for 24 hours before transfusIon. 2.2 1 sodIum chlor ide
solution were used to wash the red cells in th IBM Blood Processor, 2.7 1 were used in
Ste Fenwal Elutramatlc, and 3.2 1 were used In the Haemonetlcs Blood Processor 15.
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Extracsl tu lar potassium and red cell potassium levels and the red cell oxygen transport
funct ion (red cell 2,3-OPO and ATP, P50 value , and red cell pH). Red cells were preserved
as described in Figure ~~ - 
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Red cells were stored at 4 C  In CPO for 2 days frozen wIth 40% W/V glycerol in an
ionic medium, and stored at -10 C for 1 year. They were washed in the Hasmonetics
Blood Processor 10 wIth 3,2 1 sodium chlo,lds solution at 200 ml per minute, and stored .

— 
‘ at 4 C In sodium chlorid.-glucoee-phosph.t. for 24 hours before transfusion. Two units .of red cells were transfused to W.K. , a 21-year-old male with traumatic Injuries. The

posttransfusicn survival measured by an automated differential agglutination procedure, 
-and the red cell ATP, 2,3-DPO, P1.. and pH levels are reported.
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FIGURE 7A
24-Hour posttransfuslon survival, recovery In vitro, Index of therapeutic •~~,cSuftaa.
supematant hemoglobin (mg%), blood pH , and supematant osmolallty. s.
cell concentrates were stored at 4’C for 3 days, freeze-preserved with 20% *1 ~~ycoraJ
at -150•C, thawed at 42C , washed , and stored at 4 C  In a sodium chlovid , ~~-~~ss• phosphate solution for 24 hour , before transfusIon. 1.5 1 sodIum chlo ride soIil ~rs wsv*
us.d to wash the red cells In the IBM Blood Processo r, 1.7 1 were used In St. Fenwal

- Elutram atlc , and 2.6 1 were used in the Haomonetlcs Blood Processor IS
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FIGURE Th

Extracellular potassium and red cell potassium levels, and red cell oxygen hanapeil
function (red cell 2,3-DPG and ATP, P15 value , and red cell pH). Rod cells were preserved

as described In Figure 7A
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FIgs 5A, 5B, 6, 7A, and 78 show the various aspects of freeze-preservation
of human red celli using 40% W/V glycerol and storage at _800C, or 20%
W/V glycerol and storage at —150°C. The red cells were stored at 4°C in either
ACD or CPD for up to 5 days before freeze-preservation with the high or low
glycerol method. After thàwing and washing they were stored in a sodium
chlorIde-glucose-phosphate solutI on for at least 24 hours at 4°C. The recovery . -

In vItro, 24-hour posttransfuslon survival value, and oxygen transport fu nction
were not signIficantly different lb the red cells washed by the various systems.
The red cell 2,3-DPG and ATP levels, blood pH, and red cell pH were similar In
high and low glycerol red cells (Figs 5B and 7B). The supematant hemoglobin
level was higher in low glycerol red cells than In high glycerol red cells both on
the day of washing and for 24 hours after storage In the resuspension medium
at 4°C (Figs 5A and7A). ~~~~~~~~~~~~

Alter freeze-preservation, washing, and storage in sodium chloride-glucose-
phosphate for 4 days at 4°C, the non-reluvenated red cells had 24-hour poet-
transfusion survivals of about 85%, a slight reducti on in oxy gen transport function,
and an increase in spontaneous hemoiysis in vitro (Figs 8A and 8B).
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FISURI IA
The ‘ICr 24-hour paethsn.fuslcn survival, recovery In Wllu, Index of thsrapsutlc sflsctlve- T
ness, supsmatant h.moglobln level (mg%), blood pH, and supematant osmolsllty.
Aulalogous red cell ~~~~~~~ were stored .t 4 C  for $ days, freeze-preserved with
40% W / V  glycerol at 40C, thawed at $7 C, washed, and stored at 4 C  in a sodium _________

chlodde-glucose-phoeØists solution for 4 days bslors transfusIon. 2.7 1 sodIum chloride
aolutlon ware uasd to wash the red cells In the Psowsi Elutrsmatlc, and 3.2 S were used

In lie Has •satics Blood Processor 16.
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Extracelluier potassium and red cell potassium ion levels , and red cell oxygen transport
function (red cell 2,3-OPG and AlP levels, P1. value, and red cell pH). Red cells were

preserved as described In Figure BA.
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Changes in 2,3-CeO levels of acId-cItrate-dextrose (ACO) and citrate—phosphate- dextrose -

(CPD) red cells during storage at 4C.  Som. of the red cells were stored at 4~C in GPO -

for 3 to 5 days. incubated with PIOPA (Solution A) at 37C for 1 hour, glycsroIlzsd to a
concentration ~of 40% W/V and stored at -10 C, or glyc.rolized to a concentration of
20% WIV and stored at -150 C before thaw ing and washing. Other red cells were stored
In AGO or GPO at 4 C  for 2$ day., Incubated with PIOPA (Solution A), glycercllzed to a -

concentration of 40% WIV and stored at -$0 C, or glycerolized to a concentration of
20% W/V and stored at -150 C before thawing and washIng. -
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The Blood Banking Products produced by the Behringwerke 
/ ~~~ -

are Government tested by the Federal Repub iic of Germany within the
Paul Erhhch Institute, Federal Office for Sera and Vaccines —

Frankfurt/Maine, F R G • and approved by this Institute
r

in immuno-haematology, Behrtng offers a comp lete, essential range
required by a Blood Banking Laboratory (or indeed any other laboratory) 

- -

plus somethi ng extra in product range and quality , and service

-~ 
~4~~I -

for example — 
1

“RHESOCIT~ ” the best known European trade-name for - —

Ant i-D-serum. (in packs of 2 ml., 5 ml., 10 ml., and
6 x l O ml.) -, 

- .

.

- 

~~ 
‘
.
- -

.

Anti-M serum, agglutinating ~~~~~~ serum , agglutinating .

.I

Anti-N serum, agglutinating Anti-S serum , agglutinating - - 

-

Anti-s seru m, incomplete Anti-Ce llano serum (k) incomplete .. -

Anti~Duffyll.serum, (FYa) incomp lete Anti .Duffy b.seru m (Fyb) incomp lete
Anti-Kell -serum (K) incomplete Anti .Kidda.serum (Jka) incomp lete
Ant i.LewisB.serum (Lea) agglutinating Anti .Lewis b

~serum (Leb) agglutinati ng 
. .

Anti.Lutheranb.serUm CLUB) seru m, incomplete 
- 

- -  :,, 
~

Anti -P1 -serum, agglutinating - 

~~~~~~~~Ant i-Tj5 (P + p1 + pk) serum , lyophilised 
T . .  

- 

~~~~~~~

“SANGOCELL0
~”the Behring trad e name defining the test

erythroc ytes for determinations in the ABO and Rh 
-systems. (these products are available on speéial

request and standi ng orders only. Producti on and
delivery dates available on request). .

Shelf Life: 7 (seven ) weeks — excepti ng SANGOCELL -c (test erythrocytes
for checking the Coombs Test) which has a shelf life of 5 (five )
weeks only. . 

-

- 
b’ .,

,~
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for the IMMUNO-HAEMATOLOGY LABORATORY ___

BEHRING OFFER S SOMETHING NEW FOR THE COOMBS TEST

ANTI-HUMAN-GLOBULIN SERUM- ” CONTRAST ” - 
- 

_ _ _

The anti-human globulin serum , contrast , is green coloured for checking 
- - _______

the addition of the reagent especiall y by serial tests.. Much easier to read - 
.

- -
,

the test result. - 

- ‘

The anti-human-globulin sara (Coombs sara) manufactured by the
BEHRINGWERKE are obtained from immunized rabbits or goats. They
serve for the detection of incomplete antibod ies and demonstration of the
Du factor in the Coombs test. -

Coombs sera Behringwerke react with the immuno globuiins and also with
certain complem ent factors (e.g., C3, C4) in human serum (“ anti- ~ + anti
non-X globulin serum”). Thus they are su itable for demonstrating anti-
bodies against human blood-type characteristics.
PACKS: 5 ml., 10 ml., 6 x 10 ml. ~

. 
-

-

PRESERVATIVE: sodium azide (1 mg/m I) 
-

AND —

Serological Blood-T yping

CONTROL SERUM, Positive
COMPOSITION
BEHRI NGWERKE produced positive sero logical blood-typing control
serum is a human serum ready for immediate use. It contains antibodies -

with various specificities, and under proper reaction conditions , will react
positively wi th all human erythrocytes. 

- -

USE - 
- 

-
~ -

For runni ng technical checks on serol ogical blood-typing techniques , for
demonstration and identification of irregular antibodies in prophylactic
tests duri ng pregnancy and in blood transfusion (cross-matching). The
control serum is suitable forc hecking the followin g assay methods:
(1) Enzyme test (bromelin , papain , ficin, neuraminidase , etc. )
(2) Indirect Coombs Test
(3) - incubation test with whole blood at 37°C.
(4) Congiut ination test with supplement. - 

.

Using the control serum and the methods listed above , it is also possible
to test the activities of various serol ogical reagents (enzymes , Coombs
serum, supplements , test eryt hrocyte s, typing sera ). 

-
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FIGURE 10 :‘~ ••~4 _ ~Changes in the AlP levels of acid-cItrate-dextrose (ACO) and citrate-phosphate-dextrose
(CPO) red cells during storag. at 4°C. Some of the red cells were stored at 4°C in CPD
for 3 to 5 days, incubated with PIGPA (Solution A) at 37°C for 1 hour , glycerolized to a
concentration of 40% W/V and stored at 40°C, or glycerolized to a concentration of
20% W/V and stored at -150°C before thawin g and washIng. Other red cells were stored
In ACO or CPD at 4°C for 28 days , incubated with PIGPA (Solution A), gtycero lized to a
concentrat ion of 40% WIV and stored at -80°C, or giycerotized to a concentration of

20% W/V and stored at -150°C before thawing and washing.
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PISURI II - 
. 3

24-Hour posttrwaluslcn euMv.l and lifespan values of: (1) ncnrejuvenated red cells — -red cilia stored at 4 C  in AGO or GPO for 3 to 5 days, frozen with 40% WIV glycerol and
stored at -10°C, or wIth 20% W/V glycerol and stored at -150°C, washed, and stored at 4°C -

in a sodIum cltlodde-gluccee-phosphate solution for 24 hour. before transfusion; (2)
Indated4ejuvsnatsd red cells—red cells stored at 4°C in GPO for 3 to 5 days. rejuvenated - 

-
with PIOPA (Solution A), frozen wIth 40% W/V glycerol and stored at 40°C, or wIth 20%
WIV glycerol and stored at -150°C, washed, and stored at 4°C In a sodium chloride- -~~~~glucose-phosphate solution for 24 hours before transfusion; and (3) outdated-rejuvenated
red celia—red celia stored at 4°C in AGO or CPD for -28 days, reluvenated with P1GPA .(Solution A), frozen wIth 40% W/V glycerol and stored at -80°C, or wIth 20% W/V - -

glycerol and stored at -150° C. washed and stored at 4°C in a sodium chloride-glucose-
phosphate solution for 24 hours before transfusion.
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- Figs 9 and 10 show the 2,3-DPG and ATP levels of red cells afte r storage  —

In ACD or CPD at 4°C. After storage in CPD at 4°C for 3 to 5 days the red cell
2,3-DPG begins to fall , whereas red cells stored in ACD exhibit a fall in the
2,3-DPG level after only 1 or 2 days of storage at 4°C. The level of red cell
2,3-DPG after thawing and washing Is similar to that at the time of glycerolization
and freezing. After storage at 4°C for 3 to 5 days CPD red cells can be Incubated
In PIGPA (Solution A) for 1 hour at 37°C to increase their 2,3-DPG levels to 1½ to
2 tImes normal, and their ATP levels to 125% the normal value. In fact, red cells
can be stored at 4°C In ACO or CPD for as long as 28 days before rejuvenation
with PIGPA (Solution A), glyc orolization and freezing. After rejuvenation these
outdated red cells have 2,3-DPG levels of 75 to 80% of normal , and ATP levels
125% the normal value.  :~~~~~

-
~

- - , 

~~~~Fig 11 shows the 24-hour post transfuslo n survival and lifespan of high and
low giycerol red cells after freezing, washing , and storage in sod ium chloride -
glucose-phosphate at 4°C for 24 hour. . Red cells that were stored In ACD or
CPO at 4°C for 3 to 5 days before freeze-preservat ion, washing , and post-thaw
storage for 24 hours had 24-hour posttransfu sion survival values of about 90%,

ANTI- DAYS ST~AGE AT HC itJUVENATICU AlP 2,3’OPG p50 IIDCtLL
UNITS C~~. ‘Pit-Fl POST-NASH’ itDIUN (pMiqit) ( nwn 0$ ) lI(3TC)

4 ACt) 29 I PIGP* (SOt A) 4.3 9.8 29.9 632

l~D.,i,S3 1I. s~’

20 40 60 80 K)O 120
Deys Aft. , Tromefuslon - , .~~

“,t&JLiuJtet ~ flIm,~~ ~~~~~~~~
FIGURE 12

Red cells were stored at 4°C In ACO for 29 days prIor to rejuvenation with PIOPA
- . (Soiution A), an~ freeze-preservation wIth 40% W/V glycerol In an Ionic m.dIum at

-10°C for 1 year. Altar thawing, each unit was washed in the Fenwal Elutramatic with -
;

2.7 S sodium chloride solution, and stored at 4°C in a sodium chlodds-gluco,e-phosphate
solution at 4 C  for 24 hours befor. transfus ion. Four unIts of red cells were transfused 

____________to H.D., a 23-year-old male with traumatic Injuries. The posttranstuslon su rvIva l measured
by en automated dlff.rsntlsl agglutInation procedure, and the red ccli ATP. 2,3-OPO.

P01. and pH levels on the day of transfusion are reported.
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FIGURE 13A
Red cells were stored in CPD at 4°C for 3 days prior to rejuvenation with PIGPA
(Solution A), and freeze-preservation with 40% W/V glycerol in an Ionic medium at
-10°C for I month. They were washed in the Fenwal Eiutram etlc or the Haemonetics
Blood Processor 15 with sodium chloride solutions , and stored in a sodium chloride-
glucose-phosphate solution at 4°C for 4 days prior to transfusion. The $iCr 24-hour
pcsttranslUsion survival values, the recovery In vIt,o after thawing and after washing.
the Index of therapeutic effectiveness, the supematant hemoglobin , blood pH. and the

supematant osmo lality values are reported.
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FIGURE ISa
Extracellular and red cell potassium levels, and red cell oxygen transport function rsd -

ccli 2,3-OPG and ATP, P11 value, and red cell pH)~ Red cell, were preserved as described -
~~~~ 

—

In FIgure 1a&
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FIGURE 14* 
- -

Red cells were stored in CPD at 4°C for 28 days prior to rejuvenation with PIGPA
(Solution A), and freeze-preservation wIth 40% W/V glycerol in an IonIc medium at
-50°C for 1 month. They were thawed at 37°C and washed in the Fenwai Elutramatic with -

2.7 1 sodIum chloride solut Ion, and were stored in a sodium chloride-glucose-phosphate
solution at 4°C for 4 days before transfusIon. The 24-hour posttrans fuslon survival , the
recovery In vitr o, the Index of therapeutIc effectiveness, the supematant hemoglobIn ,

blood pH, and osmoisilty of the supematant are repouted.
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FIGURE 146
• Extracellular potassium and red cell pota_sslum lsvsls, arid the red cell oxygen transport

function (red cell 2,3-OPO and AlP, F,, value, end red cell p11). Red cells were -
preserved as described In Figure 14A.
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TABLE 2 

-

RED CELLS STORED iN ACD OR CPO AT 4°C FOR 3 TO 5 -DAYS BEFORE - - -

FREEZE-PRESERVATION WITH 40% WN GLYCEROL A~ —80°c, -
.

AND WASHING IN ONE OF THE 3 SYSTEMS -

- - - 
- _ sI,

IBM BLOOD FENWAL HAEMONETICS - -

PROCESSOR ELUTRAMAT IC BLOOD PROCESSOR 15 - ‘ 
-(2.2 litres) (2.7 litres) (3.2 litres)

Frsszs-Thaw M - 98.0 97.8 97.3 - -

Recovery (%) SO 3.7 1.0 1.8 - - - - - - :

N 38 114 26 
-

- 

~~- ~:-~~~

Freeze-Thaw-Wash M 92.8 90.0 90.8 - - -

Recovery(S) SD 2.4 2 7  53 
. ~~~~~~~~~~~~~~ 

N 38 114 25 ::~ ‘4 .

Supernatant Hemogiobin M 49 90 129 - .
~
. . . - ‘ 

- .

Extra K4’ (mEq/l) M 0.6 0.7 0.8 
~~~~~ : ~~~SD 0.5 0 3  0.4

N 38 112 26 .,~~~~ 
°‘._. 

%
~ t_ —

Red Cell 1(’ M 7.5 7.5 7.6 .~~ - 
. 

- -

(mEq/10” RBC) SD 0.9 07 0.6
- N 15 17 14 . 

- - - 

- 

-
~~44-~’ -: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Uric Acid (mg%) M 1.7 1.5 1.6 
~~~~~

. ‘‘~~.~J~~;
SD 0.8 0.3 0.5 - - .. ~~~~~

.

N 16 38 14 
~~~~~~~~~~~~~ $

Inorganic Phosphorus N 25 22 17 ‘ 
- 1~~

’
~ - 

- 
- :‘ : - - -

~~

Lactate (pistol/mi) N 29 2.7 4.3 - - 
~~ ~, ~~~~~~~~~~~~~~~ -

Glycsrol (g%) N 021 021 034
SD 0-13 008 002
N 27 37 48

4~~
g

~ _..L~ #~~
... - -J - — •

Albumin N 017 0.22 0.15 . -

Remaining (S) SO 0.12 0.18 0.06
N 8 27 7 

- -

— 

I 

~~~~~~~~~~~~ II
- — —---——-.----- —- ~~~~_~~~~~ _~~~~~~~~~

_ 

—----- --- -- - - 
-—--- --- -- 
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TABLE 3 
-

~~~

RED CELLS STORED IN ACD OR cPD AT 4°C FOR 3 TO 5 DAYS BEFORE
FREEZE-PRESERVATION WITH 20% WN GLYCEROL A1~ — 150°C,

AND WASHING IN ONE OF THE 3 SYSTEMS

IBM BLOOD FENWAL HAEMONETICS
PROCESSOR ELUTRAMATIC BLOOD PROCESSOR 15

(1.5 litres) - (1.7 litres) (2.5 litres) . .. -

t 
Freeze-Thaw M 97.1 96.5 96.5 ,. 

- ;  

- 

-

Recovery (%) SD 2.2 0.7 3.2 -
N 10 69 8 -

~~~~~~~~
. -

Freeze-Thaw-Wash N 93.1 90.0 92.9 . .~~ _ _ _

Recovsry (%) SO 18 2.0 1.9
N - 10 69 8 -

Supematant Hemo~obin N 106 140 - 155 -: .

— 
(mg%) SD 38 90 28 

- . 
- - -

N 10 63 8 ,~~

Extra K ’ (mEq/I) N 0.8 0.9 - 
1.0

SD 0.3 0.6 0.4 
-
.
~~~~~~~

. 

-

-N 10 69 8 
- 

- 
- ;-. :~~ -

Red Cell K4 M 6.9 7.1 7,2 l 
- :~~~~(mEq/1012 RBC) SD 0.4 0.5 0.5 

- - --‘ -~
- N 4 8 4 .~

4 .  
- ~~

,
Uric Acid (mg%) N 14 15 1.3 ~~~~SD 0.4 04 0.4 -;~~~t~

.
~
JS:i4~i’N 6 14 9 -

- 5 -lnorgank PhosØiorus N 17 17 18 
• 

‘. -

(ragS) SD 4 6 3 - 
- -

N 6 11 9

Lactate (pmol/mI) N 1.0 0.9 1,0 ‘ I  
~.

SD 0.6 0.4 05 
- 

‘. • ‘
~~ 

- 
-~~ ~~~~~~~

N 4 
- 

10 8 
- 

•~~~~~ : 
-.

Hypoxanthine M 0.01 0.01 0.01 -
-
.. S.

(pinol/ml) SO — — 
- 

- - — . .
~~

N 6 4 4 -

Inossne (jimel/mi) M 0.01 - 0.01 - 001 
:-)~

N 6 11 4

Glycerol (g%) N 034 0.22 0.49 - 

-
‘ .. -

) 0.13 

- 

0.11 023 
-

1251 AlbumIn N 0.25 0.12 029 -
. ~-

Rsmelnkig (%) SD 0.00 006 0.07
N 6 6 6

I
~~~~~~~~ f
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— TABLE 4 - -

RED CELLS STORED iN CPD AT- 4~C FO~ 3 TO 5 DAYS B~FORE 
- 

--
REJUVENATION WITH PIGPA (SOLUTION A). FREEZE-PRESER ~/ATION -

WITH 40% WN GLYCEROL AT —80°C. 
-

AND WASHING IN ONE OF 3 SYSTEMS ,

IBM BLOOD FENWAL HAEMONETICS
- PRO~~SSOR ELUTRAMATIC BLOOD PROCESSOR 15

- 

(2.2 litres) (2.7 litres) (3.2 litres) -,

Freeze-Thaw N 97.9 97.6 97.8 - 
- 

- 

-

Recovery (5) SD 0.8 1.0 0.8 - - -N 12 67 9
Freeze-Thaw-Wash N 93.0 90.2 90.4 

- 

~
- 

-

Recovery (5) SD - 1.5 3.1 - 
3.3 - ‘

S 
- 

-

N 12 67 9
—

Supsrnatant Hemo~obin N 92 103 125 -
- . 

-

(ragS) SD 50 52 60 - 

~~~~~~~~~~~~~~~~
- - -

~~N 12 67 9
Extra K4 (mEq/l) N 09 08 06

SD 0.6 ,.- 0.4 0.2 -
t 

- - 
-

N 12 64 8

Red Cell K4 N 7.0 7.5 7.3 -

(mEq/1012 RBC) SD 0.2 0.7 0.6
N 3 17 6 -

4 
- - - - - --:~-~~; 

- -

Uric Acid (mg%) N 1.0 1.7 1.3  - 
- - - .

— 

-
-

SD 0.5 - 0.2 0,3 - -. 
- -

N 5 13 5
~4%~

- 
~~~~~~ 

-

lnw,snk Phosphorus N 23 22 22 --: - ,.
(mgS) SD 6 6 6 - ‘ -  - -

N 4 13 4 

~ik -
~k 

~~~~~~~~~~~~ 
,.
~Lactate (pmol/ml) N 3.0 1 4 3.2

SD 0.5 05 0.6 4
N 5 17 7 

~~~ 
_

~ *~‘~~~

- 

- 
-
~~ . 

-‘- -

~~ 

- ‘ - -

Hypoaanthlne U 0.11 0.06 030 -
(pmoi/mi) SD 0.04 0.03 0.08 -

- 

N 4 15 5 
- :~m aim s (gimal/mfl N - 0.0 1 0.01 0.01 -

-

• . ;
Glycsral (9%) U 

- 

0.21 0.21 0.34 . -

SD 0.13 0.06 002 - - -

N 27 - 37 48
125i Albumin N 

- 
0.17 . 0.22 0.15 

- -

Remaining (S) SD 0.12 0.16 0.06
N 6 27 7

— —---- -- -- - - - - - - --- - - --- - - - —--— ---- --- — ----.
~~

—
~ - ----- -- -.-- —- -- - —
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TABLE 5

RED CELLS STORED IN ACD OR CPI) AT 4°C~FOR 28 TO 35 DAYS BEFORE ~~~~~~ 
- 

pr..- . - ~~~ 
-
~ 

-
~ 

- -
- 

REJUVENATION WITH PIGPA ’ISOLUTION A), • - - -
~~ 

- - .

FREEZE-PRESERVATION WITH 40% WN GLYCEROL AT —80°C, .

- AND WASHING IN ONE OF3SYSTEMS -

t —a

IBM BLOOD FENWAL HAEMONETICS - 
- - 

-

PROCESSOR ELUTRAMATIC BLOODPROCESSOR 15
- (2.2 litres) (2.7 litres) (3.2 litres) - .

Frieze-Thaw M 96.2 97.6 97.2 _____ ~~~~~~~~~~~~~~~~~
. Y

Recovery (5) SD 1.7 0.6 1.5 - 
~~~~~~~~~~~~~~~~ -&‘ :-. -

- N 27 62 10 _____ -
~~~

--:. .:
~~~

-

Freeze-Thaw-Wash M 90.8 90.6 91.4 .
- -

~~~~~~~ 
- - 

- 
—

Recovery (S) SO 2.2 2.6 3.0 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~

N 27 62 10

Supernatant Hemogiobin M 77 87 122 
~~
‘ ;~ 

- 

~~~~
- 

~~ 
- .

(ragS) SD 54 34 34 
- ~~~:‘ - - ‘

-

N 27 56 - 10 . .‘
~~~~~
,- . - -- 

~~~Th. ’
~- 

.‘

- - ~~~~~~~~~~~~

Extra K’ (mEqfI) M 1.0 0.8 0.8 -, ~~~~~~~~~~~~~~~~~~~~~~ .:. .-~~:

SO 0.5 - 0.8 0.3 - 
~~~~~  

. 
-

N 27 55 10 i~.: ~~~~~
— - : - . -

Red Cell K ’ M 5.1 5.9 6.2 - . 
- 

•‘ - 
- - 

-
.

(mEqllO12 RBC) SD 0.9 0.4 0.7 — 

~~
‘

- 
- . 

- , “-:7 - - -. 
- 

- 
-

N 8 12 4 :-~ - t-z r -  ~~~~~ . : -  -.

Urlc Acid (mg%) N 2.1 2.2 1.6 
~~~~~~~~~~~ ~~7~

- 1 ’~”~
SD 0.8 0.6 2.5 - ‘

~~~ 
- 

- 
-. . -

N 13 
- 

13 4 
1JI~~~~~~

:. 
- - 

- .
-
.. 

-

tnorgsnic Phosphorus M 20 21 20 . -
. - 

- 

: -~
(ragS) SO 2 8 3 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~
N 13 13 4 ~~~~~~~~~~~~~~ ~~~~~~~

- - 

~~~~~~~~~ 
-

Lactate (pistol/mi) U 3.8 2.0 3.7 - - -
. . ‘ç-

0 o.~ - 
~~ 

-
- 

- 
~~~~~~~-

. 

-

Hypoxanthine N 0.18 0.09 031 ‘
~~~

- - - - : ‘  
- 

-

-

(junol/mI) SD 0.07 0.04 0.03 Si” - 
~~

‘ • .  
I.-

N 10 12 4 ~ 
- ,

inosins (pmoi/ml) N 0.01 
- 

0,01 0.01 -
~~. ,

-

Glycerol (g%) N 0.21 0.21 0.34 -
. - 1~ 

- 
•

, 
-

SD 0.13 0.00 0.02 - -

N 27 3 7 - - 48
125~ Albxnin U 0.17 0.22 0.15 . 

- - -

Rem ainIng (5) SO 0.12 0.16 0.06 - 

-

N 8

r -~~~
::- 

_

— ~~~~~~~~~ ~~~~~~~~~~~ — --- — --- —~~~~ ~~~~ ~ 

- 
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TABLE 6

RED CELLS STORED IN ACD OR CPD AT 4°C FOR 28 TO 35 DAYS BEFORE
REJUVENATION WITH PIGPA (SOLUTION A), - - -

FREEZE-PRESERVATION WITH 20% WN GLYCEROL AT —150°C, . -

AND *ASHING IN ON~~OF 3 SYSTEMS ~~. .~ 

. 

-

- IBM BLOOD FENWAL HAEMONETICS
PROCESSOR ELUTRAMATIC BL000,PROCESSOR 15 - .

(1.5 litres) (1.7 lItres) (2.5 lItres)

Freeze-Thaw N 
- 

963 968 , 96.4 -

Recovery (%) - SO 3.8 0.7 0.7 ‘ - ~~~~ . 
,

N 21 34 4 :‘~~~~~
Freeze-Thaw-Wash N 91.1 887 92.4 

- 

~~~~
‘
~~~~~

‘ 
-

Recovery (5) SD 2.0 3.7 1.3 - - - -s .; -

N 21 34 4 - -
- 

- -i’ .. . -- - f -.~~~ : ~,SupsinatantHemogiobin N 103 114 108 ~~~~~~~~ ~~~~~~~~~~~~~~
(ragS) 0 36 43 15 ‘

Extra K ’ (mEqfl) N 0.8 0.7 0.9 - k ‘

SD 0.3 02 - 0.1 
- ~~~~~~ 

--. 
- ‘

_

~~

_
. -

- 
- N 21 34 4 

- J~~ :- - - - .  
- 

- ~~~~~ 
.
~ 
‘

Red Cell K4 M 5.8 6.0 6.5 ‘-~~~~
“ 

.. - 
‘ 

~

‘ 
.~ 

-

(mEq/1&2 RBC) SD 1.1 0,8 0.2 - ‘

N 3 12 4 , - 
- .

Uric Acid (ragS) N 20 LB 12 
- 

- - - - 
-

SO 0.5 0.3 02 -

N 8 9 4 
~~~~~~~~~ - I

IIIOr~ nICPIIOSphOIUI N 19 26 19 
- 

-

(ragS) - SD 1 4 1 
- - . - - .~~~N 8 4 4 - >

Hypoxanthlne ‘~‘~ E~! ~SD ~~‘

lnoslne (prnol/ml) N — 001 001 001

N 7 5 4
Glycerol (g%) U 0.34 0.22 049 ‘

~

- SD 0.13 0.11 023 .~~
- - -

• N 43 - 
44 28 ~ 

- ‘:
‘ - -

125i Albumin N 0.2 5 0.12 0.29 - - 
-

RemaIning (5) SD om 0.06 0.07 -

N 
- 

5 6 6 - , .  • - ..

— :~
—~~~ ~~~~~—— ~~— —~~ ~~~ 1

_ r  ,i~
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and lifespan values of about 100 days. When the CPD red cells that had been
stored for 3 to 5 days were rejuvenated with PIOPA (SolutIon A) ~efore f reeze-
preservation , etc., the 24-hbur poattran efus ion surv iva l was about $5%, and lbs 1
lifespan was about 100 days. When , on the other hand , red cells that had been
stored In AeD or CPD for 28 days at 4°C were rejuv enated with PIGPA (Solut ion
A) before treeze-presen atlon, etc., the 24-hour posttran sf usion sur4val Was 78 to -6

80%, and the lifespan was about 100 -days. When these lndated-rejuvenaf.d and
outdated-rejuvenated red cells were kept In the sodium chlbride-giucoe.-
phosphate solution for as long as 48 hours , the 24—hour post transfuslon survivals
were at least 70% and the long-term survival was about 100 days (FIg 12).
When they were kept at 4°C for as long as 4 days after wash ing, the 24- -hour
poettransfuslon survivals were at least 70% (Figs 13A, 13B, 14A , and 14B), but
there was an increase in hemolys is in vitro. The red cells were concentrated by
centr ifugatlon prior to transfusion to remove all the visible supe rnatant solution
that contains the products of hemolys is (Figs 13A and 14A).

All of the washIng procedures reported here successfully remove the addi-
tives that are used in the rejuvenation process. Tables 2-6 show the freeze-thaw
and freeze-thaw-wash recovery of the red cells, the levels of residual supematant
hemoglobin, the levels of extrace llu lar and red cell potassium , and of uric acid ,
Inorganic phosphorus , lactate , hypoxanth ine, inosine, and glycerol , and the -

residual 1251 radioact Iv ity . With all three wash systems at least 90% of the red
celia are recovered. The freeze-thaw and freeze-thaw-wash recoveries , and the
residual supernatant hemogiob in levels on the day of washing were highe r in the
low glycerol red cells than in the high glycerol red cel ls. The residual supernatant
hemoglobin level was slightly higher in red cells washed in the Haemorretlcs
Blood Processor 15 than in those washed in the Fenwal Eiutrama tic or the IBM
Blood Processor. There was a correlation betwee n the red cell potassium ion
levels and the length of storag e at 4°C prior to freezin g, and these levels were
similar In high and low glycerol red cells (Figs SB, 7B, 8B, and 13B). Red cells
stored for 28 to 35 days before freeze- preservation had lower potassium Ion
levels than those stored for 3 to 5 days (FIgs 13B and 14B). Rejuvenation of the
red cells did not Improve the potassium ion level , but it did Improve the 2,3-DPG
and AlP levels. The potassium ion level was about 10% lower after washi ng then
after thawing. ‘

DISCUSSION 4
In our laborato ry we have utilized three important principles in the freeze-

preservation of human red cells wi th hig h or low concentrations of glycerol.
(1) Concentrat Ion of red cells to hematocr its of about 90 V% before — — —

glycsroii zation.
(2) Dilution of red cells with a sodium chloride sol ution prior to recovery,

and washing with sodium chloride solutions in any one of three commercially
aàllabI. systems. 

_ _ _ _ _

(3) Second dilution by on-lIne delivery of the once-dIluted red cells and the
wash solution In the Haemonetlcs or the Fenwal Elutramat ic washi ng systems
using the continuous-flow principle.

83
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Red cell concentrates with hematocrits of 90 V% were prepared by removing
all of the plasma, both to salvage the plasma and to purify the red cells. The -

low glycerol red cells with a final glycerol concentration of about 20% WIV are
prepared from a solution of 35% W/V glycerol which is stored at 22°C or at - 

-

37°C and~s added with agftatlon to red cell concentrates that hav$ been stored - -
~
j  ‘ ‘ 

~~
- -

~~~ .s
at worn ~emperatur. (22° th 25°C) for at least ~ hours (one-step ~ddIt lon). The - -7 ~~

‘ ‘~ ~-~ ç.-’- , -

high glyóerol red cells with a final giycero l concentration of about 40% WIV ~ ‘ 
- - - 

~~~“ - 
4

are prepared from a solutipn of 57% W/V glyc~roi which is stor~i at 22°C or --
~~ - ~~

.-c. 
~~ - -~..-..-. . -

~~~~

at 37°C and Is added in two steps itith agitati on to red cell concentrates that ‘I-- .
have been-stored at room temperature (22° to 25°C) for at least 2 hours (two-step ~~~ 

- 
~~~. 

- —

addit ion) . With the two-step method , the Initial volume of the 6.2 N glycerol
solution Is matched to the weight of the concentrated red cells using a nomogram ,
and the glycerol -red cell mixture equilibrated for at least 10 minutes before the -

balance of the solution can be added (Table 1). Contrary to the- suggestion of -

Meryrnan and Homblower (1972), we found that no spec ial stylette was required -

to add the glycerol to the red cell concentrates. The goal i~ washing glyc erollzed
red cells is to use the smallest volume of wash solut ion , and to recover the
maximum number of red cells In the shortest period of time. The washing process
also removes the products of hemolys is , reduces the gly cerol concentration to
lees than 1% W/V, and reduces the residual prote in, the white cells and platelet s,
and the anticoagulant and additives (Tables 2-6) (Valer l , 1970; Valeri and Zarou lis ,
1972a,b; Valerl , 1974b). The dilution method depends upon the system used to
wash the red cells. With the IBM Blood Processo r and the Fenwal Elutramat ic - - -

we used the tw o-step dilution , and with the Haemooetics Blood Processor 15
we used the one-step method (Valeri , 1973a,b). When the high glycerol .red cells ~~ ~~~~~~~~~ 

- - -

were diluted by the two-step method prior to washi ng in the dIsposable poly-
carbonate bowl in the Haemonet ics Blood Processor 15, the amount of solution
requIred for washing was the same as that used with the one-step method , but
the two-step method was more time-consuming. For this reason , we do not
recommend the two-step dilution when the Haemoñet ics Blood Processor 15 Is —

used and, in addition , recommend that the Haemonetics Blood Processor not be -

automated. When~a programmed pump is added to the system to deliver the
wash solutions, the otherwise simple method is made more complex. Because
washing is not as efficient In the polyca rbonata bowl , 1.0 S more wash soluti on Is
needed with the Haemonetics Blood Processor 15 than is needed with the IBM .
BIdod Processor or the Fenwal Elutramat ic. The hypoxanth ine level In rejuvenated -

red cells that were washed in the Haemonet lcs Blood Processor 15 was about
twice that In red cells washed In the IBM Blood Processor or- the Fenwal
EluframatI c (Tables 4, 5, and 6). - 

~~~~~~~~~~~~ .~~~~~~~ -~~~~‘-

We used a 5.6% sodium lactate solution to wash 20% WIV glycero llzed red - - 

~~

. - ‘. -- -- - -

cells in prevIous studIes (Runck and Valer l, 1972; Valerl , 1973a,b), but we are - 
— 

-

currently using a 3.2% sodium chloride solut ion which has an osmotic pressure 
-

equal to 5.6% sodIum lactate (Valerl, 1973e,b). On-line dilution of the blood and - 
-

the wash solution is a very important prInciple of the continuous-flow systems. -

We have found that washing Is made much simpler when a V-set is used with the
- -

- -
-~~

, 
-

,-
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Fenw~L ~~hnr~ mMIC, and when a bypass harness and gravity flow washi ng are
used with the Haemonetics Blood Processor 15. 

________  -

When operated In the manner described, alt , three washing systems reduced - 
- ‘

~~~
- - - the~rseldual glycerol’concentration to .O.5%~W/4 or less (Tables 2~ ). In additIon 4 - -

to removi ng the glycerol and the additives used for rej uvenatIon~ washi ng also ~~
‘ - - - .  - ( - ~ .. -

reduces the resIdual proteins , the hepatitis B -antigen if presen~ the residual “! - ‘
~~ 

.- --- - - I
supernatant hemoglobin, and extrace llular potas~ um ion. No matte~what washing ~~.- :- j

~~
- .-

system was used, the recovery In Wtro of the freeze-preserved red cells was 90%
or greater. - - - 

-

We concluded that red cells can be stored in CPD at 4°C for3 days before
freeze-preservatIon with high or low concentrations of glycerol, washed in any
of the three mentioned - systems , and then stored In a sodium chloride -glucose- - -

phosphate solution at 4°C for as long as 4 days before transfusion , and have
excellent posttransfuslon survival values and normal or sli ghtly decreased oxygen
transport function. There is a rapid fall in the red cell 2,3-DPG level of ACD red
calls after 2 days of stor age at 4°C; this level does not fall In CPD red cells
until after about 5 days of storage. The 2,3-DPG level does not change sign ificantly
from the time of freezing to the time of washing. Indated-rejuvenated red cells
had 2,3-DPG levels that were 1½ to 2 times normal and ATP levels that were
125% the normal value (FIgs 9 and 10). Outdated-rejuv enated rod cells had
2,3-OPG levels that were 75 to 80% or normal , and AlP levels that were 125%
the normal value (Figs 9 and 10). 
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The oxygen transport function and posttransfusion survival of freeze-. - .- - -

preserved red cells are influenced -by~num~rous factors: the antI~~agulant used, —-- - - -

for collection, the length o~ storage- at -4°C~prlor to giycerolizationj4he rejuven -
~~ 

-- -c~ (ee~
—r u~’~ -~lion procedure, the method of freezing, the length of storage in U$ froze n state , - 

~~
- ti’-~-- ~the method used to remove the glycerol , and the composItIon of the resuspension •- - - -, 

- -
~
.

medium and the length of’ storage at 4°C after washing . Details oPthe effects of ‘~ 
- ‘-‘~~~~~

- . -  •‘
thsse.factors on red Cell survival and functIon are reported in. Fi9a. 11 and 12. , .._ .~~~~~ .1

Liquid-stored blood that ii approaching its restricted shejf-Ilfe can be :... — .

rejuvsnat.d with high concentrations of potentia lly toxic substances , and pre- - ‘ — ‘-
pared fat’ frsezs-preservatlon (Fig 15) (Akerblom, 1967; Deuticke et at , 1971; - - - .-‘
Duhm et aI, 1971; Valet-I, 1973a,b, 1971, 1974a,b; Valeri and Zarou lls, 1972a ,b). 

-The potential toxicity of these rejuvenation substances does not pose a problem
since the substances are removed durir.g routine washing of the thawed red cells.
The costs involved in rejuvenating outdated red cells, including the expense of
hardware, software, and labor, are deemed justifiable, since this procedure makes -

possible the salvaging of universal donor group 0 Rh-positIve and group 0
Rh-negative red cells that would otherwise be discarded.
Therapeutic IRectI~,anaas dl Red Cells With 1½ So 2 TIm.. Normal Z3-DPG
Levels and Decreased Affinity for Oxygen

Patients requiring therapeutic transfusion usually have red cells with elevated
2,3-OPO levels and decreased affin ity for oxygen. Unless a patient has card lo- ‘

~~~~ 
- -- -

pulmonary Insufficiency, the level of red coil 2,3-DPG increases In proportion to
the degre. of red cell mass deficiency (Eaton et ai, 1970; Gerlach it al, 1970; - . - -

Hj&m , 1989; Valet-I and Fortler, 1969). It has been shown that in assessing a -
rid cell mass deficit, the peripheral red cell 2,3-DPG measurement is 2 to 3 - - - -

times more sensitive than the peripheral venous hemoglobin and hematocrit
measurements (Valet-i and Fortier, 1969). Patients who have cardiopulmonary ~~~~~~~~~~~~

disease but no red blood cell deficIts also have elevated red cell 2,3-DPG levels - 
-

(Oski St aS, 1969; Valet-f and Fortier, 1969). Patients with hypoxic or anemic -
hypoxia who have normal or elevated blood p11 levels usually have peripheral -

red cells with decresaid affin ity for oxygen and 2,3-DPG levels that are increased
to about twice normal. . - - . . .~~ - - - ~~~. -

TABLE 7 
. 

. 

_~~~ ;,

URIC ACID LEVELS BEFORE AND’AFTER TRANSFUSION OF 2106 UNITS - - .
.

%

-

-

,.

OF RED CELLS REJUVENATED WITH PIGPA SOLUTION AFTER STORAGE
AT4°C FOR 4 WEEKS 

- _ ____

Nun*ur Pie- Inwn.&- - 
- - - f.

elUnits Iran.- atsly eftsr 15 30 4 24 48 72
Iran.- helen Trans. minuin. minutes hours hours houri hours -

fiasd haui~~ 
-

Mean 2.0 5.5 5.3 5.0 50  64 5.1 5.3 5.6
S.D 1.0 2.0 2.0 2.2 1.4 2.3 1.5 1.1 1.8 - 

-I ’S.E. 0,2 0.3 0.3 0.5 0.3 0.5 0.2 0.2 0.3 -

‘

~~~~ :~~~~~~“ 

~~~~

1

~~~~~~~~~~~~~~

i

~~

24 

_ _ _ _
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Patients with anemic hypoxia who had red cells w ith 1½ to 2 tImes normal -- - -

2.3-DPO levels showed~ nç lmpairment.of qxygen uptake by the i~d cells in thç~. -‘  - 2- - I..- I.~’ 
-

— Iung5~but there was-an- l~~rease In oxygeh release to tissue (Val*ri and Co%lIns~~~ ~ - -- - -  !.II J~. ~~~
- - 1971).- Preserved red celts with 2,3-DPG levels 1½ to 2 timeat northal would 4 — - - •

~~~
‘- p~

provide the most beneficial treatment for these patients. When 4 unIts of red . --• — 4 - — -

- cells with 1½-to 2 times ~ormal -2~3-DPG lavele were admInistere4 to correct red ~~~~ 
- - -  - 

~~~~ -~n~ i,;cell mass deficits, the 2,3-DPG level remained elevated for 3 days pftor the trans.- 
- . — - -

fusion. The levels may remain elevated for even longer periods, c~ pending upon t.~ ~~. e~the metabolic and cardiopulmonary condition of the patient. - - - 
-
‘ 

-~

Of 38 patIents who received 2 to 6 unIts of red cells that had been rejuvenated
with PIGPA (Solution A), none exhibited any significant increase ’ in serum uric
acid cohcentration for 3 days after transfusion (Table 7). We P~ave been adminis-
tering rejuvenated red cells to patients for over 4 years and have encountered
no problems of contamination, pyrogenic reactions, or other untoward side effects.
Approximately 250 patients have received about 1500 unIts of Indated-re!uvenafed
or otatrjated-eejuvenat d red cells freeze—preserved with high or low concentrations
of glycerol, and we have found that these red cells increase the recipient’s red
cell mass and improve oxygen transport.

In certain specific clinical situations, the oxygen transport of preserved red
cells may be of particular importance. For example, when patients have restricted
cerebral. and cardiac responses that may not be able to compensate for the --- - 

~~~
— -

decr~~sed oxygen delivery, that usually occurs 4 hours after transfusion if the
red cells have low 2,3-DPG levels; this may result In dangerously low venous
P02 and tIssue P02 levels. Red cells with normal or above normal 2,3—DPG levels
should be administered to seriously ill patients; this will improve or at least main-
lain the venous P03 and tissue P03 levels, and yet not demand that the blood
flow or the work of the heart be Increased . Preserved red cells should be able -

~~~~~~ — - -

to improve the oxygen transport Immediately after transfusion and should not -

require compensation from the cardiorespiratory system or a reduction In venous
oxygen tension.

In our laboratory, we stored washed freeze-preserved red cells In a sodIum
chlorld..gluccse-phoephat. solution at 4°C for 24 hours, after which we con- - 

- -
oent sted the red cells by centrifugation and removed all of the visible super- - 

- — -- -

nalant. When these concentrated red cells were transfused through ultrapore
filters, we observed satisfactory posttransfusion survival and oxygen transport -
function. In addition, there Is an excellent rate of flow of the previously frozen - - -

washed red cells through the ultrapore filters (Valet, to be published).
This simple approach makes it-feasIble to biochemically modify both Indited - 

-

and oufdatsd red cells. The routine washing procedure removes the glycerol, - -~~

at least 95% of the white cells and platelets, the Isoagglutinins, the anticoagulant
preservative and other additives, the products of hsmolysle, and the protein and - - 

-

nonprotein plasma components (Valet-I, 1970; Crowiey and Valet-i, 1974a,b).

$7
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- SUMMARY - ~

- ‘ :~ 
-
~~ rsS~rvsd-rsd cells 4 transfused to.~lncrfse the delivery ~f oxygefri - . - ~~

-

tteeus -lt~is *lso eseential—9hat the preserved ~d cells circulate in order to~  -  rras.~~ t-~~~~ 
- 

-
- ~~ 

- Increase the red cell mas~ and to Improve , the oxygen carryin g papacity. The - - -. - -  
~~~~~~~~~~~ ~~~~~ 

-r ’  - -

-delivery OfzOXygen to tlssu immediately after trqnsfusion. of preseyed red c&Ia—~~ ~ .*~~~  - - -
,

1 depends to a great extent on their affinity for oxygen. Red cell s stored In AGO for  - 
- -1. -

- - 7 days at 4°C maintain their ability to carr)P oxygen, but their ability to release It ‘.~~~,- 4 -‘.. ‘.
~ - :

-is Impaired. It was not untIl 1967 that the correlation between oxyben transport ~~~~~~ ~~~~-- - -

function and the red cell 2,3-DPG level was appreciated. More recently, inves - -
, -

- 
- tigatore have realized the Importance of the oxygen delivering, capacity of trans- - . 

.- 
.

fused red cells during the first 4 hours after transfusion. Red cells that have  -

low 2,3-DPG levels and increased affinity for oxygen will increase the cardiac 
- -

output and/or decrease the venous P02 for 4 hours after transfusion.  - .: -

CPD-preserved red cells are more likely to have normal oxygen transp ort — - - 
-than are ACD-preserved red cells. DurIng storage at 4°C the oxygen transport - - ‘function of CPO red cells is maintained by purine nucleoside supplementatIon ,

and durIng freeze-preservation it is maintained with glycerol . By modifying the
red cell biochemistry before freeze-preservation , it is possible to prepare viable - 

I

red cells with 2,3-DPG levels that are 1½ to 2 tImes normal and have decreased - --- - -

affinity for oxygen. Such red cells have acceptable posttran sfusion surviva l and ——  - - - — — -

greater oxygen-releasing capacity for at least 72 hours after transfusion . -

Th. well-being of certain patients may be placed In jeopardy If they are ~~ ~~~~~~~~~ ‘—  

glvsn preserved red cells that have increased affini ty for oxygen , since the --- - - —-- - -

patient may not be able to meet the accompanying demand for increased blood
flow, and the venous oxygen tension may fall to a critical level. Clearly, patients
In hemorrhagic and septic shock, those subjected to extracorporeal circulation -

during cardiac surgary, and anemic patients with myocardlal or cerebrovascular
Insufficiency can be handled most efficaciously by treating them with red cells
that have 2,3-DPG levels that are either normal or about twice normal. -
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\~ Rejuvenation P value
Survival I~8rganic phosphorus

lb . A5STRACT (CenIInu. ~ 1 ,evorie .Me SI nsc...a ~’ and ld~ ,tf0’ by block m b.r)
Preserved red cells are t ransfused to increase the delivery of oxygen to —

tissue. It Is also essential that the preserved red cells ci rcu late in order
to increase the red cell mass and to Improve the oxygen carrying capacity . The —

delivery of oxygen to tissue Ininediately after transfusion of preserved red
cel l $ depends to a grea t extent on their affinity for oxygen • Red cells stored
In ACD for 7 days at 4 C maintai n their ability to carry oxygen, but their
ability to release it is inçalred . It was not unti l ‘1967 that the corr.~atiOfl’ - 7
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between oxygen trans port function and the red cel l 2,3 DPG level was appreciate
More recently, Investigators have .realized the Importance of the oxygen
del ivering capacity of transfused red cells during the first 4 hours after
transfusion . Red cells that have low 2,3 DPG level s and increased affini ty for
oxygen will increase the cardiac Output and/or decrease the venous P02 for 4
hours after transfusion .
CPD-preserved red cells are more likely to have normal oxygen transport than
are ACD—preserved red cells. During storage at 4 C the oxygen transp ort functi n
of CPD red cells is maintained by purine nucl eoside supplementation , and during
freeze-preservation it is maintained with g1ycerol~~ By modifyi ng the red cell
bioch~iistry before freeze-preservation , it Is postThle to prepare viable red
cellS wIth 2,3 DPG l evel s that are 1-1/2 to 2 times ~ormal and have decreasedaffi ni ty for oxygen . Such red cells have acceptable\posttr aisfusion survival
and greater oxygen-releasing capacity for at least 72\ hours after transfusion.
The well—being of certai n patients may be placed in jèppardy if they are given
preserved red cells that have ‘Increased affinity for o~ygen , since the patientmay not be able to meet the accompanying demand for inAreased blood flow, and
the venous oxygen tension may fall to a critical level .\ Clearly, patients in
hemorrhagic and septi c shock, those subjected to extracOrporeal circulation
duri ng cardiac surgery , and anemi c patients with myocard~al or cerebrovascularInsufficiency can be handled most efficaciously by treati~g them with red cells
that have 2,3 DPG l evel s that are either normal or abou t twice normal .
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