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ABSTRACT.

Sequentiat changes in blood cell components and coagulation factors

luring shorr-term srorage in blood bank condition was studied in 20 blood
samples stored at 4'C in ACD solution. The recovcry rates of leukocytes,

leukocyte viability and plarelcrs were comparable to rhat obscrved by others in
both ACD and CPD blood. The recovery ratc of leukocyres of 85.45 i l8.3OZ

at one week and 802 ar l0 days of srorage were similar to rhat of (he CPD
blood. Most of the leukocytes disintegrated were PMNs. The finding of higher

recovery rare of plarelers ( 46% at 2 weeks of storage ) in our ACD blood is

probably due to the fact rhat spontaneous clumping of platelets occurred iess

rapidly in ACD blood. Factor Vlll activiry dropp(d raFridly within the first few
hours and only 33.90 +_ 8.687 of its activiry was detected during the first day

of blood collection. Factor V acrivity decreascd more gradually to only 401 of
rhe original ac(ivity by day 7. Factor Vll acrivity increased gradually within

rhe first week of srorage due to the cold- promoted enhancerrenr of its actirity
via plasma kallikrein and contacr activation.
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INTRODUCTION.

Sodium cirate was first intro-
.duced as a useful anricoagulant for
blood collection and transfusion by

Lewisohn 'n l9l5 (l). The addirioo
of dextrose ro rhis anticoagutant fur-
ther extcnded rhe usable rime for thc

collected blood 
(2). 

The replacement
of some cirrare with citric acid by Loutit

er al in l943tJ, resutring in a solurion
almost identlcal ro the presenr Acid-
cilrale-De.rtrose (ACDr sotutions.
Ahhough other anticoagulanrs, such as

heparin and chelaring agenrs, have
been used fcrr special purposes, ACD
has remained rhe standard blood
preservalive for marry years. The
ACD preserved blcod has a usablc
span ofonly 2l days bef,:re decreasing
red cell viability made ir unsatisfac_
tory for transfusion purposes, ln 195?,
Gibson et al (4) introduced cirrare_
phosphare - dextrose (CpD) solution
which has a higher pH, Iower cirrate
.concentrarion and a more isoronic envi_
rurmeot than ACD solutions. Results
of several srudies indicared rhar the
percentage of red cell surviring at 2g
days of srorage in CpD was signifi-
cantly greater rhan in ACD solutions.
In additions, the presence of sodium
phosphare in CPD solurion results in
be er conservi tion of 2.3 DpG than
occurs in ACD stored blood and thus
maintains better oxygen transpon
efficiency.

\7ol ll N,o 2

which should prolong rhe usable span

of stored red cells. a few limitations
to its widespread use exist, Prolonga-

tion of the storage rime by CPD
results in higher plasma lcvels ol'
ammonia, potassium and free hemo -
globin (5-7) and greater amount of
intracellular pctassium liberated from
5tored red cells that are lysed in the

immediate posttransfusion period\ //. The

concenrration of plasma sodium is grea-

rer in CPD stored blood due to the use

ol sodium cirrate and sodium phosphate

CPD solution 
(5). 

Thesc substances

could result in potsntially deleterious

effects in patients with hepatic and

renal diseases. In addition, the lorma-

lion of microaggregates of leukocytes
and platelels is lound ro be greater in

CPD than in ACD stored blood (8)

which is probably due ro the higher

pH of tbe former 
(9)'

In practice, blood is stored in
ACD solution and the srorage time is

rarcly longer than 2 weeks in our

blood bank. We are reponing the

sequenlial changes in r:oagular ion

factors, chemical and blood cell com.
ponents occurred in ACD stored blood
in such short-rerm storage.

MATERIALS AND METI IODS.

Blood samples were collected
from 20 healrhy male adulrs according
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to rhc guidelines of the American

Associarion of Blood Bank(10)' Appro"i

rnately 400 ml ol blood w€re collected

inro l0 plastic bags and I0glass bottles

conraining 67 ml and 100 ml of ACD

solution respectively. After thorough

mixing, whole blood samples were

aliquored and stored at 4'C in sterile

plasiic or glass containers accordingl)'.

Each blood samPles were anlllized

rmmcdiatel.v follorving collection and

c'n da)s i. l, i, +. 5, 6, 9 and 13.

Whire biood cell count, diil'ercnrial

leukcci'te cou)t. l!'uko-'yLe Viabiliil te.t

( trlp:n blu: d,re erciusron test I and

plarclcr counr were dctsnniircd on all

20 blood s3mples,' Plasnra concentra-

riors ol scdiurr ald potassiu rr scre
(:ctcrnriried by .l:omi-' lrbroro:ion spc:.

lroscoprc tcchnique (ll . l)l::,rra

leVeis c\f co:rgulation iacrcrs \t, VII,

VIII. IX, X a nd III \\'ere deiermin.'d

(i2'l'') on l0 blood sarnpies collcctcd

and slorfd in pla:ric containers.

RBSUI-TS

The baseline values ol'rhe blccd
cell conrponent:, coagulaticn l'a c I ors

and their sequential changes durine

storagc at 4C rvere sunrnrarized and

showrr in Table I and Figure l l'hc
recorery rate of leukocl tes oi 85.45

f t?.:OZ ar one week was slighrly

iow but the rate of 802 at l0 days

of storage was comparable to lhat of
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the CPD 51oe6 
( l8). Most of rhc

leukocytcs disinregrated were PMNs.

Ar 2 weeks 66,.0 t_ 3.1 3 % of rhe

remaining leukocytes were still viable,

and the recovcry rare of platcleas was

467,. Tne plasma K' concentralion

rise gradually'from the baseline value

oi 3.30 1 018 mEq/L ro 15.5 J 2.95

mEq/L after 2 weeks of storage com-
parable ro that observed by others for

both ACD and CPD 616o6 ( 7, 19 't.

Significenrly low levels of facior VllI
(33.90 + 868%), lX (36sJ 5.08%)

and XIf (26.4 +_ i,59%\ were observed

in rhe first da;- of blood colleclion.

F:icror V activlty d.crersed gradually

rc. l0Z of rhe original activity by day
7. Facror Vll activity incrersed 3

lblC: du:ing the first \r'eek oi srorage.

,COMMtr\TS.

1-irc plaimr K* conc-'rlt.ration

o' our ACD blood increased in direcr

propor'.ion ro thc storage time (Figure l).
I'he magnirude oi (he incremert was

compulabie ro rhat observed b_v oth:rs

l-,r both ACD and CPD btood (5 7'

20-24r. Normally red cells conrarn

approximrtely 100 mEq K.,/ L. of
p:cked red cells and plasma contains

onl\' -:, - 5 mEq K*,/L.. Stored rcd cells

have been known to lose K* into the

surrounding plasma (25) resulting in
increascd plasma K* concentration and

decreased K+ content of red cells.
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The increased in plasma K*. LDH and
free hemoglobin levels reflecr eirher
rcd cell hemoll.sis or atteration in red

cell membrane permeabiliry (5). 
Nukuu

q d (26) and Haradin er al (27)

have demonstrated a progressive altera.
tion in the shape of rhe srored red
cells from a biconcave disc when
fresh to a microspherocytc after g

weeks. The progressive loss in rotal
erythrocvte lipids accompanying in
vitro storage in ACD which approxi-

mates 20 ro 30% as 6 weeks(27) had
been shown to be associated rvith
losses o[ portions of the red cell
membrane varying in size from ma-
cromolecular aggregates to microscopi_

cauy visible luuds 
(28' zg). Recent

evidencts indicate rhat the plasma K+

Wol lt No. .r

concentration increases in direct propor_

tioo to rhe stcrage tim6 (25) 
and

independenr to small degree ol hemo_

tysis that occur during ,,rorng"(7). At
dC rhe rate of consumpiion ot dex-
rrose is approximately 0.05 mMotes/L,

oi red cells/hours (30' 3l) which is at
leasr 30 rimes less than at 3Z'C and
rhe active rransporr of Na+ and K+
is almost halted, The incremenr
plajma K+ concentration represents K+
rhat leaked from intacr red cells, and
the rate of efflux is inversely related
to thc ATP contenr of rhc stored red

sg115 
(32).

' It is now realized thar the
deterioration ofl red c:lls during storage
is a different process flrom aging in
vlvo, The ATP content of stored red:

Sroragc
Time

(days)

0

l
2

.'

6

9

r3

TOTAL WBC BC VIABIIITY PMNs PLATELETS
x 103 / cu.mm.

i00
99.7 + o.48
96,9 ! l.2O
91.8 + t.93
88.6 + 2.80

84.5 t 2.37

81.0 t 5.14
72.1 + 2.56

56.0 | 3.13

57.0 i
70.0 I
58.4 +

59.1 +

55.7 +

53.3 +

50.2 +

47.7 !
J/.O:

309.0 J
289.8 J
71) 't J-

252.t;
243,8 t
2246 +

226.5 +

205.6 +
143.1 J

7.t7
't t1

9.96

t3.67

to.27

13 90

18.1 5

I t.o I

l4.5ti

60.78

68,32

68.02

52.96

44.96

33. l8
50.25

48.5 ta
50.86

Table l' sequcnriar changes of ccturar componenrs of ACD B'ood

11,925 t 2,266

tt,795 ! 3,265

r,2t5 ! 2,412

t0,760 ! 2,496
9,650 + 2,158

10,894 + 2.282

10,190 J 2,183

n,225 ! 3,464
7,9t5 L 1.720
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cells diminishcs wirh time {25) 6u, ;,
undergoes lirtle bliange rvhile red
cclls age ;n n;u6(33). Rld cetts toss

their ability to survive in vivo before
they hemolvzed in vitro. The damages
in vitro which lead ro lbss of viabiJiry
of red cells are not well understood.
Facrors which affect rhe osmoric
fragiliry of stored red cells do not
have anv influence on their viabitiry
and substances which retard the rate

e7

of hemolysis of srored blood do not

necessarily prolonged rhe viability
of red celts (34). CpD solution
is superior ro ACD solurion bechuse

it is rrore isotonic, bcrter conservation
of 2, 3, DPG and pCO2, meinrains

higher pH throughour storage with
signilicantly lower plasma K' and
free hempglobin levels ( 4, 5 ) which
should prolong rhe usable span of
s(ored rcd cells, Bur there was litfle
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diflerence in rcd cell survival when

blood was storcd in these two solurion
/<\

up to 2l days'J'r. When blood was

preserved for 2 to 3 weeks approxima-

tely 15 to 251 of transfused red cells

were destroyed in vivo in the first 24

hours after transfusion 
(7). Thus the

roral K* load from a transfusion can

not be evaluated fron plasnra values

alone The red cell lysis in viuo rnus!

also be considered since its contribution

may be nearly one-third of the total
K+ toad (7). Prolongation of the

storage time by CPD sesults in high

plasma levels of K+ anlmonia and

liee hemoglobin ( in addition to high

Na* concentrarion ) (5). These subs-

tances could result in potentially dcle-
terious effecl's in patients with heparic

and renal diseases.

The fall of toral leukoc-trte

count in our ACD blood ro approxi-
mately 80% of the original value at
l0 days of lilorage was canparable to

rhar of the CPD b'ood (5' 6). The
higher recovery of leukocytes in ACD
and CPD blood than those observed

in heparinized blood was probabiy

related ro the inhibition of surface

adhesion of granulocytes in solution

of low pH ( 35' 36 ) and decreased

ionized calcium (37). 16" numbar of
platelets in our ACD blood decreased

to 6l I by day l0 and ao 467. ^t 2
weeks was slightly highcr rhan those

Vol ll No z

observed in CPD blood (5). The-

decreased numher of platelets and
leukocytcs observed is explained by rhe

fact that rhey form clumps during,

storage (38-41). Lighr and €lectron-
microicopie examinations revealed that

the microaggregates which developed

in stored blood consisr of degenerated.

platefets and leukocytes ( 40 - 42 ) .

Coincident wirh rhi: there was a drop
in the plarelet counr during the first
week of srorage and a progressive

reduction in the absolure granuloclre

count. The finding of higher recovery

of platelers in our ACD blood is

explained by rhe observations thar
plarelets spanraneously clumps more

rapidly in 6PP 61oo6 
(8'9 . This may

panly be due ro rhe effect of higher
pH of CPD blood on rhe velocity of

'platelet aggregation(43). ' Ll mphocvres

are relatively nonadhesive (35' 
and

mainrain their functional and structural
irrtegrity during most of 3 rveeks

srorage in ACD G4r 45). Il contrast,
plarelets and granulocytes became

adhesive and rapidly lose their viabitir!'

during storage 
(35'45'46). Even though

662 of granuloc)tes were viable at 14

days of storage as observed by us it
was demoDstrated that irreversible loss

of function of granulocytes occurred
after a few hours and granulocyte

mobility, phagocytosis and 02 con-

sumption were markedly diminishedr
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.afler one week of sroragc in ACD

plasma(18' 47). Mor. recenr observa-
rions indicated that granulocvtes in
whole blood stored for 24 hours reraine
,their phagocyric and bactericidal

,.1;u;,;., ( 18, 45, 48). The decline in
function afrer ?4 hour of storage further
indicared thar rhe granulocyted would
'have only limited value for transfusion
rherapy rhereafrer. platelers losc their
ability ro survive in vivo very rapidly
and whole blood srored in ACD even
24 hours is a poor source of viable

platelets (49' 51), Ir rakes only 24
hour storage for the percentage of
viable platelets ro lall ro 52 tevet(22).

Facror VIll activiry dropped

rapidly during storage ar 4'C(52-54).
Our baseline facror Vlll acrivity was
very low due to the dilurion effect of
large amounr of ACD soiution and
delayed factor Vlll delerminauon, Al
24 hours of coltcction rhe factcr VIlt
aariviry was approximately 322 which
is comparable to rhose observed by

others (54,55). 
Our results confirmed

the instabiliry of l'acror VIll and
supooned the recomrnendation thar
cryoprecipirare preparalion should be
processed wirhin 4 hours of collecrion.
The orher coagulation [actors known
to deteriorate appreciably on srorage
is facorr V. Factor V activitv decrea-
sed rapidly ro 402 ofl the inirial con-
centration at day 'l comparable to

6g

. /t {{-("\tho;e observcd bv othefs
Factor VII acti;iry increased during
storage similar to that observed ear-
lier'"'. This phenomenon is explained

on rhe fact that cold - Dromoted
enhancement of factor VII activiry
occurrcd by surface contact via factor

Xtl and plasma kallikrein (58-62).

UTflCgO
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2 fiUft114 :Jftlllnt?ttyllt 0lnuntnuh [u
cPD sotution un-l z+ t'rluu:n pMNs

l:lll|n.tllnlu J Yl1t1rl',]U?Ut0Jll.,ntn0o
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