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VARIABLES INVOLVED IN CRYOPRECIPITATE
PRODUCTION AND THEIR EFFECT ON
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SUMMARY

The Regional Transiusion Centres in Eagland_and Wales
have studied the following variables in the prevaration
of cryoprecipitaies: blood zroup of the dozmor, choice of
anticcagulant (4T3 or CPD), conditions of freezing,
thawing and centrifuzation of the plasma and age of the
starting plasza.

Mean facteor VIZII-activity in cryoprecipitates desrived

from group A plasza was significantly higher than from

lzad te incremsed petency of

factor VIII when Ire

4]

nly collected plasma is used to
prevare cryoprecipitates; rapidity of thawing méy also

be advantageouse.

None of the other variadbles studied produced significant
effects on the factor VIII-activity of the cryoprecipitates
and particular attention has been drawn to the results of

experinents concerned with thz age of starting plasma.
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Despite the increasing use of lyophilised factor VIII-
concentrates for the treatment of haemophilia A, factor

VIII in cryoprecipitates (cryos) prepared froa single units
of donor plasma still remains an izmportant theraveutic
substance. Sizce it is not practical to assess individual
doses of cryo, but it is desirable to obtain as potent

a preparation as possible, the Regional Transfusion Directors’

wiy 1976, appoinied a Working Pariy with the
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"To examins ths gquality of eryoprecipitates .

roduced a:t Regional Transfusion Cenirss (RIC's)
>

in randcaly

+
(4‘

s2lected crycs Prox RC00's had shown considera®l:s variation, sach
EIC was visited and many differences ir the preparation
procedure were catalogued.

The present report summarizes the results of investigations

into certain variables in cryo production which, it was

considered, mignt affect factor VIII-activity.

MATERIALS AND METHODS

Cryos were prepared from donations collected without difficultiy
vacks at routins blood collection sessions. Blood was

transported to the RXIC and stored for a variable period of time

1.0

at 4 °C (see below). After an initial centrifugation the plasna
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o . . .
was frozan at -70°C usually in alcohol/solid CO, mixture.

2
Thawing took place at 4o overnight (approx. 18h) in all
except cne RIC where the packs were immersed in a water bath
at 8°C for 2.50. After concentrgtion of the cryo by
centrifugation, supernatant plasma was removed to give

a residual volu=es of 5 to 35 ml. All cryos weres frozen at
-BOOC or below izmediately aiter preparation and these

conditions were maintained until they reached the Plasma

i1

ractionztion Laztoratory, Oxford, where all the assays for

bty

actor VIII werz terformed. Unless othsrwise specified, a toial

of 16 cryos (eigzt group O and eight group A) was preparad to
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effcort bteing made tc keep other

Prevaration of orras for assavr was carried out by thawing at

3 .

roon temperature Ior 5 min followed by immersion in a waler

bath at 37 C for 1D min, The outside of the bag was dried

ond the contents mixed. A5 much of <hz redissolved cryo as possitle
was withdrzwm and the sclution was transferred to a2 measuring
cylinder. TFive rl of 150m HaCl was injected into the btag

as a rinse and traasferred to the measuring cylinder. The total
volume of solution was recorded before assay. A pocl, usually

of four cryos, was prepared to reduce the wide variation

observed in thz factor VIII-activities of different plasma

t and Biggs, 1967), and except in Section 1,

]
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comprisad equal numbers frem group O and group A plasma
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3.

Facior VIIT was assavad by a modification of ths two-stage

mathod of Biggs et al (1955). The standard was a freeze-
dried plasma, the Sth British Standard for factor VIII
(i1IBSC code 75/40). Each cryo pool was diluted 1 in & in
haemophiliac plasma before absorption with aluminiunm
hydroxide. The assays were of balanced design, i.e. the

standard and iwo test preparations each at three dilutions,

as follows:

[
B
3

m m
4 EN

o2 ta e

[ad
=3

Only the assays Z2zonstrated as bsing valid with respsct to

n
1]
s

both parallelism and linearity of the standard and test

Subseguent statistical analyses were carried out on log.

potency estimates and the mean values were expresssd as the

arithmetic meaz o2 the log. poteacy estirates. Similarly,
the standard deviation of the log. potency estimates,

axpressed in the antilozr. fyrm as a percantage, was used =s
cn eatimate of variability.
RESULIS

1, Factor Vill-activity of crvoprecipitate derived

from groun O and srouv A piasmas

Fash RIC selected 12 cryos at random {six O and six A). Pools
comprising three cryos of the same bleod group were prepared; the
results expressed as factor VIII-activity per umit of cryo,

are showa in Tzble 1. Anz2lysis of variance, in which "betwsen
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heinoddl

RT and

Ty

petween olood group' differences in factor

s o

VIXI-activity were compared with differences between

raplicate cryo pools, raveal
between cryos der

ignificant (p =

led a '"between RIC" difference

= 0.006)., The difference

ived from group O and group A was highly

0.0001), group A cryos containing on average

1.23 times the fastor VIII-activiiy of group O cryos.

2. Choice of aniizozzulant

541
(3]

ize. 1 sunnarizes the msan

cbtained in the =2I1zht exper

VIII-nactivity i2 zryos prepared from plasma anticoagulated

Do memry

-witn ACD (USP,

izre assayed in exgerizments 1, 2, 5 and 7.

cen

In experiments

srmala A) and CPD.

wnere the star:

and one S.D. of the resulis

izents comparing ths factor

Four pools of four cryos
In the remaining
after

plasma were pooled

szparated inte 200z aligzois.

plasma was frozen within

four hours after collection, the mean factor VIII-activity

in cryos der

ACD plasza, although the

level in experiments 2 and 3 only.

in which
S and 7,
examined

exparin

factor VIII-activi

veols of four cryos w

ents 1 to L, and 5 and 8.

ived from CPD plasma was higher than that

fierence was siznificant at the 5%

Cryos prepared from plasaza

5h and 18h after collection showed no significant

ty between the two groups.

eizat experiments are iilustrated in Fig. 2,

In experiments
12-donation pool of plasma ware
ere sssayed in

The anticoagulant was ACD
/’"\\‘
(7 Iﬁ
—"
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in experiments 1 to 5 and 8, and CPD in experiments 6 and

7; the cryoprecipitate was harvested after a thaw of
aporoximately 18a at L°C in all experiments except 8, where

a thaw of 2.5h at 8°C was carried out. Taking each
experiment separately, differences between the mean factor
VIII-activities of axy two types of cryo could always be
explained in terms of variability between replicate pools.

Thz nmean startizg viasma factor VIII levels were:

expariment 5: C.iS, 0.22 znd 0.52 and experiment>7: 0.85, C.71

The trend in eack instance is to a lowered level of factor
VITIT-activity with increasing age of bleood at separation.

It is clzar from Fig, 2 however, that this decrease in activiiy
is a0t reflectes in the factor VIII-activiiy of the cryos

prepared from the respective plasma pools.

L, Conditions of Centrificatioa

.

Host commonly, cenirifugation was carried out in a six nlace
swing-out head at 2075z usually for 20 to 30 min (ranges 9-30 nmin).
Alternatively angls-heads were used at 4000 to 480Cg for shorter

periods and one RIC employed 64505 for 5 zin. The cryo was

usually harvested after centrifugation in the saze centrifuge,

at the same speed, bu:t for a shorter tine.
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Three different sets
cenditions were used
L350z for 7 min, and
16 cryos was civided
assayed.
and 92.L iu- €3
not significant:. In a second
prepared after a=

were frozen after ¢ min

. R N 4 .t
roveaied nean values of 32.0 iu~ 28% and 87.8 iu- £

ceintrifugatioa ol
pool was then divided iato two
frozen at -70°C and the second
centrifugation of 35003 for 10

VIIT-activity of crr

trepared

2/

.t .
was 96.3 iu- 183 ccmoared with

the doudle-spun plasmz;
S P 5

£L50g for 5 min.

initial centrifugation of 20753; 15

A plasza were prepared after

the whole blood at 3200z

of whole blood centrifugation

at one RIC viz: 2075g for 15 min,

Each group of

into four pools and the factor VIII

sectively in the three groups (differences

experiment, cryos wers

&

centrifugation and 16 after 30 min

Zuissesauent assay of four pools of cryo

an initial

for 10 min. Each

egual parts; ths first was
was subjected to a further

min. The mean factor

from the single-spun

.

a mean of 91.8 iu

the difference was not significant.

1]

plasnas

par cryo averaged 89.3 iut 18%, 88.6 iu ¥ 20%

/!
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S5e Time 5f freezizz the vlasaa

One RIC used the unusually short freezing time of 7 mir
whereas the usual time was in excess of 15 min. Using a pack
containing 200z plasma Dike (1967) showed, by means of

a temperature probe inserted into the centre of the plasn:a,
that the temperature at tha: site did not reach -40°C until
15 min had elapsed. Sixteen cryos were prepared after

Y

r 7 zwin aand the sams numbsr

The mean values ¢ Ffactor VIII-activity in four pools frozsn

U
:1
&)
[¢]
®

0
o
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1

n
-
},:2

for 7 min was £7.% iu- 307 and after 1

with

those preparsd ¢ a shorter thaw (181 at 4°C). In each group
"135" plasma was used. Fig. 3 shows that the mean factor
VIII-activity was higher in rapidly thawed cryos, the
difference being significant {p = 0.05).

In a further study aliquots of a pool of 12 donations of
plasma were frozen within bLh of collection. Cryos were
rroduced by thawing six aliquots at 8°C for 2 *o 2.5 and six
overnight at QOC. The mean values (iu per cryo) and S.D. for
the two groups weare 05 38% and 99.8- 8% respectively. Tha

difference was not significant but it was noted during this
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exveriment that the end of the thawing veriod was difficult
to judge with certainty and the final disappearance of ice

crystals occurred very rapidly.

DISCUSSION

In the collaborative study reported it was found.that many

variations existed in the preparation of cryo in the RIC's

i

-

ngland and Wales, Variapility in age of starting plas=a
& =}

4]

n

poe
t

is largely unavoidable, being determined by the geogravhy of
the Region and thz =a32 with which donations of blood can te

returned to the RIT for processing. Other factors, such as ihe

plasma 2 striking icprovement in quality of the crys from
fresh plasma ("< 4k") would have to be demonstrated to justify
the cost of incorvorating this procedure.

Investigation of the variables involved in the vreparation

of cryos was limited by clinical regquirements for this
product. Hence, in most instances each variable was studied
using cnly 16 cryos. Given the magnitude of the normal
variation in factor VIII-activity that was seen to exist, the
difference between the nean cryo factor VIII-azctiviiy for any
two methods would have had to be in the order of 33% to be

determined as significant (p = 0.05) in any one experiment.
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9.

In cozparisons considered to be of particular interest,
cryos were prepared from aliquots of a pool of starting
plasma in order to eliminate this source of variability.
Previous investigations of the variables involved in cryo
preparation and their effect on factor VIII-activity, have
shown conflicting results. In contrast to the results of

Shanberge et 21 {(7972), the present study showed a highly

significant increase, on average, of factor VIII-activity

in group A coxzpaved with group O cryos. Preston and Barr

L)

(1964) showsd *za: there was a significantly higher factor .
VIII-activity irn zroup A plasza compared with group O and the
findings in this study may reflect the correlation which has

= b v .

been demoustrated by several workers between factor VIII-lavels

3 - ) - - 3 Lo 3+ {72 - 1
in 2 gZiven Tlasta 2og the CIvVo pr?:cared Ifrcx it (Pznnst et al

1576, Bloox e

ot

al 1953, Graybeal et al, 1969). In view of

this, all other variables were studied using pools of equal
nunbers of cryos froa group O and group A plasmas, a precaution
which does not seem to have been taken in other published
investigations.

Only the use of CPD anticoagulant and the rapid thawing of the
frozen plasma gave resuits which might suggest that significantly
improved factor VIII-yield could result from their use. The use
of CPD gives plasaa a higher pH than ACD and cryoprecipitation

may be pH dependent; Fool (1967), Gilchrist and Zkert (1968).
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10.

Cn the other hand several workers have failed to demonstrate
ither pH dependency of cryoprecipitation or improved yields
of factor VIII in cryos prepared from CPD plasma compared
with those from ACD plasma {Horrison, 1966; Graybeal et al
1969; Shanberge et al, 1972, Burka et al 1975; Slichter
et al, 1976 and Vermeer et al, 1976).
In the present study, there was a significantly higher level
of factor ViII-astiviiy in two groups of cryos prepared from
CPD plasza ( Ln old at the time of freezing) than in
co-parable materizl prepared froz= ACD plasta; in two other
experiments with slaszas of this age and those using plasza
stored at 4°C o longer periods prior to the prevparation

of the cryos, siznificant differences in factor VIII-activity

o
o]
o]
ud
(o2
[§]
vy
QO
)
1]
I
L

coul The significant differences found may

o
o
D
[
14
e
fod
%]

hav elatzdi o higher lsvels of factor Vill-activity

in the CPD starting plasmas, but this could not be proven since
the arpropriate assays ware not carried out.

Adventages from rapid thawing of the frozen plasma in water

baths at temperatures of 3°C and 8°C have been described by

Brown et al (1967), Hasure (1969), Slichter et al (1976),

Varneer et al (1978). Combining rapid thawing with shaking (Burka
et 21 1975%, Margolis 1976) and with syphoning ( Mason, 1973),

has also led to increassd yields of fastor VIII in crvos.

In one experizment carried out in the present study there was

a significantly higher level of factor VIII in cryoprzcipitates
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1.

subjected to a rapid thawe A further experiment to confirm
these findings was inconclusive, due probabdbly fo the
difficulties encountered in the exact determination of the
period of thawing and the likelihood that factor VIII-activity
was lost by dissolution of the cryoprecipitate.

It is clearly important to establish whether the duration of
the thawing process is important or whether it is the period

of post-thaw whish determines the resultant factor VIII-activity

as concluded by zsper et al (1975) and Rock and Tittley (1976).

Use of the thaw-swphon technigue by Mason (1978) reduces the
thaw period comsideradbly with an added advantage of having
reduced time of contact between the precipitate and the residual
plasma.

Since ithe slow :tl:zwving orocedure fiis more readily into the
pattern of work of most RIC's, possibly more attention should
be paid to the prozpt harvesting of cryopreacipitats to aveid

an extended period of post-thaw. Rapid thawing by immersion

of the pack in a water bath carries the danger of bacterial
contamination evez if an outer wrapping is employed and this
assumes greater importance if the plasma is returned to the red
cells. Two members of the Working Party (RTW and TJS) are
conducting experiments on rapid thawing using warm air and

a separate report will be presented.
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12.

.
The

[

ability of Iactor VIII in plasza has besn known for

many years (Penick and Brinkhouse, 1956), and this has
traditionally led to the recommendation that blood used for
cryo preparation should be processed within 4h of collection.
In the eight experiments conducted on the factor VIII-activity
of cryos preparszd with starting plasma of less than Lh,

L to €1 and 18k, varying the anticoagulant and the method

of thawing fail

w

< to show significant differences. IMor=zover,
a fall in the »lzsza factor VIII-activiiy during the period

of 18h of storzgs similar to that found by other worker

&

(Preston, 1957, Slichier et 1976), was not reflected in th

factor Vill-aciiviiy in the cryos prepared subsequently. This
does not conflict necessarily with the previous statement, that
factor VIII levsis in crros generally correlate with *hose of
the starting plasma since these observationé were made with
respect to plasmas of the same age. It may indicate however,
that a portion of the factor VIII, which is more lzbile and does
not precipitate well, cannot be recovered in cryos. Confirming
the findings of the present study, Smith et al (1978) revorted
that the amount of factor VIII recovered in an intermediate
purity concentrate, prepared by a method involving cryoprecipitation,
wés,independent cf thz age of plasma at separation froz the red

cells betwesn 6 and 18h, With respect to the freezinz tizes

CBLAO000880_0015



13.

of plasma and conditions of centrifugation the results

agree with those found in other studies (Burka et al 1975a, b:
Slichter et al, 1976). '

Platelet counts wers not performed in the present study but
_ from previous experiments (Gunson, 197€) centrifugation

under the conditiors investigated yielded residual platelet
counts in the »lasma of 10-35 x 109/1. Thus, the conclusion
cf the 2tove wsrzers that residual platelet counts in the crder
of 25 x 109/1 do nst affect factor VIII levels in the resultant
cryos ars substaniiated; indeed it is likely that much higher
levels can be tolzrated without significant effect on factor

VIII~activity {Smith et al 1977).
CCONCLUSIONS

From the present study precise recommendations cannot be

nade which will consistently increase the votency of cryoprecipiiates.
The significant result was the increased factor VIII-activity of
cryos from group A plasma.

Of particular interest in blood banking is that within limits

the age of the starting plasma does not exert a major effect on the
factor VilI.activity of cryos. It does not appear that arrangenments
need be mads to prepare cryos within 4h of blood collection unless
this fits the work pattern of the RIC concerned. In common with

the observaticns of previous workers, consideratle variation is
found in factor VIII-aciivity in small pools of cryoprecipitate

even when care has been taken to control the variables. Corres-
pondingly the potency of an individual dose cannot be predicted with

s
certainty.
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