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Abstract 
Samples from platelet concentrates (filtered/non-filtrated, at the begining/the end of shelf 

life) were exposed to 4°C overnight, subsequent to dilution in platelet storage media (PSM) and/or 
exposure to EDTA to induce shape changes. Paired sampling protocol (± EDTA) was used and 
changes in cellular indices and induced-aggregation states were measured by Technicon H* 1. 
Cold induced changes in platelets as identified by increase in MPV (0.5-0.8 fL for EDTA; 1.5-2.0 fL 
for citrated samples) with concomitant reverse changes in PDW ranging from 2-13 per cent was 
observed. Processing, storage and cold exposure also induced disparity between leucocyte peroxi­
dase/basophil counts. This in conjunction with changes in platelet counts and cellular indices upon 
exposure to EDTA provide a unique new tool for assessing the aggregation states of platelets 
during processing and storage. Both filtration and dilution in PSM affect platelet storage stability. 
Platelets which have already undergone shape changes (i.e. exposure to EDTA) responded to a 
lesser degree to cold exposure. Our findings indicate that platelets' response to cold exposure can be 
used as a simple, reliable and accurate test for assessment of platelet morphological and function 
integrities. 

Platelets are known to be extremely sensi­
tive to changes in the temperature of their micro­
environment. Prolonged exposure to cold (4°C) 
reportedly leads to irreversible loss of platelet dis­
coid shape, attributable to depolymerisation of 
microtubuli and breakdown of platelet contractile 
protein<O. Recently we reported that such morpho-

logical changes can be easily monitored by auto­
mated cell counters(2) in particular those based on 
light scattering principles such as Technicon H* 1. 
In this study, we have evaluated the effect of cold 
exposure ( 4 °C, overnight) on platelet indices and 
aggregation states, using paired sampling proto­
col(3). The potential contribution of leucocyte-in-
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duced platelet morphological changes during storage 
as well as activation of platelets induced by their 
resuspension in platelet storage media and/or EDT A 
were also investigated by using filtrated and non­
filtered platelet concentrates (PC) of the same ori­
gin at the begining (day 2) and at the end of shelf 
life (day 5). 

MATERIAL AND METHOD 
Platelet concentrates were prepared by 

pooled buffy coat (4 units) technique using Opti­
press system (Baxter) according to described vali­
dated protocol(4) and stored in !litre PL-732 platelet 
storage bag (Fenwal). 

Six packs of PC were used. Two packs of 
PC with the same ABO group were pooled together 
and equally subdivided. One was filtered using 
Sepacell PL-5 (Asahi), the post-filtered was col­
lected in a new PL-732 bag, and then kept in iden­
tical conditions to the non-filtered product in Hel­
mer Shaker at 22°C. 

Samples were taken from each product at 
the begining (day 2) and at the end of shelf life (day 
5). In each case, they were diluted with PSM 
(Baxter) at 112, 1/3 and 1/4, dilutions. Both neat 
and dilutes samples were exposed to EDT A at 
concentration of 30 mM according to the esta­
blished paired sampling protocol(± EDTA)(3). Then 
after 1 hour storage at room temperature. Each of 
the citrated and EDTA samples were subdivided 
into two portions. One was kept at room tempera­
ture (22°C), the other was kept at 4°C. Both sets 
of samples were kept overnight. 

Technicon H* 1 was used for the assess­
ment of platelet count (PLT), size distribution in-

dices, morphological changes and leucocyte count 
(by peroxidase channel - WBCp and basophil chan­
nel- WBCb). 

For spontaneous aggregation three milli­
litres of citrated PC (fresh/stored) were put in a 
plastic tube which was then put on a rotating mixer 
and sampled sequentially every 2 minutes for cell 
counting. 

Data are expressed as mean of three pairs 
of experiments. 

RESULTS 
Characteristic properties of filtered/non-filtered 
PC upon storage 

The characteristic properties of day 2 fil­
tered PC, kept at room temperature were similar to 
those of non-filtered PC with slight changes in 
mean platelet volume/platelet distribution width 
(MPV/PDW). However, on day 5 a much sharper 
fall in MPV with concomitant increase in PDW 
was noted as shown in Table 1. Cold exposure had 
a dramatic effect on MPV and PDW of both fil­
tered and non-filtered PC. Although at room tem­
perature the storage-induced changes in MPV/PDW 
of filtered products were different from non-filtered 
products (day 5), their response to cold was prac­
tically identical, suggesting platelets have mam­
tained their overall structural integrity. 

Effect of cold exposure on EDT A samples 
At room temperature, storage-induced 

changes for filtered products appeared to be greater 
than non-filtered products which showed no change 
(MPV day 2 VS day 5: 6.4fL vs 6.lfL and 6.5fL vs 
6.5fL for filtered and non-filtered products respec-

Table 1. Effect of cold exposure on citrated samples (n = 3) 

Day 2 Day 5 

MPV (fl.) PDW(%) MPV(fL) PDW(%) 

Non- Non- Non- Non-
Filtered Filtered Filtered Filtered Filtered Filtered Filtered Filtered 

RT* 6.6 6.7 60.2 59.4 6.3 6.7 65.0 60.7 
4°C 8.4 8.5 47.8 47.4 8.3 8.7 51.9 47.7 
**Diff. (1.8) (1.8) (-12.4) (-12.0) (2.0) (2.0) (-13.1) (-13.0) 

* Room temperature (22°C) 
** WC) - (RT) = Diff 
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Table 2. Effect of cold exposure on EDT A-exposed samples (n = 3) 

Day2 Day 5 

MPV (fl.) POW(%) MPV (fl.) PDW(%) 

Non- Non- Non- Non-
Filtered Filtered Filtered Filtered Filtered Filtered Filtered Filtered 

RT* 6.4 6.5 55.4 55.4 6.1 6.5 56.3 55.5 
4°C 7.2 7.3 51.1 50.1 6.7 7.0 53.9 53.5 
**Diff. (0.8) (0.8) (-4.3) (-5.3) (0.6) (0.5) (-2.4) (-2.0) 

* Room temperature (22°C) 
** WC) - (RT) = Diff 

Table 3. Effect of cold exposure on sample diluted in PSM (n = 3) 

Citrated Samples 

Day2 

Filtered Non-Filtered 
** ** 

Dil. RT* 4°C Diff. RT* 4°C Diff. 

Neat 6.6 8.4 (1.8) 6.8 8.5 (1.7) 

1/2 6.6 8.1 (1.5) 6.6 8.1 (1.5) 
1/3 6.5 8.2 (1.7) 6.6 8.2 (1.6) 
1/4 6.4 8.1 (1.7) 6.6 7.9 (1.3) 

EDT A Samples 

Day2 

Filtered Non-Filtered 
** ** 

Dil. RT* 4°C Diff. RT* 4°C Diff. 

Neat 6.4 7.2 (0.8) 6.5 7.3 (0.8) 
1/2 6.6 7.2 (0.6) 6.7 7.3 (0.6) 
1/3 6.8 7.3 (0.5) 6.8 7.3 (0.5) 
1/4 6.9 7.4 (0.5) 7.4 7.4 (0) 

* Room temperature (22°C) 
** WC)- (RT) = Diff 

tively). The response to cold exposure of both pro­
ducts were equivalent but differed between day 2 
and day 5. This is indicative of the initial storage­
induced discoid/spheric conversion of citrated sam­
ples attributed to the platelet response to EDT A and 
cold exposure. A similar but reverse pattern of 
changes was observed in PDW as shown in 
Table 2. 

MPV (fl.) 

Day 5 

Filtered Non-Filtered 
** ** 

RT* 4°C Diff. RT* 4°C Diff. 

6.3 8.3 (2.0) 6.7 8.7 (2,0) 

6.2 8.1 (1.9) 6.6 8.3 (I 7) 
6.6 8.2 (1.6) 6.9 8.5 (1.6) 
6.5 8.2 (17) 6.9 8.3 (1.4) 

MPV (fl.) 

Day 5 

Filtered Non-Filtered 
** ** 

RT* 4°C Diff. RT* 4°C Diff. 

6.1 6.7 (0.5) 6.5 7.0 (0.5) 
6.5 7.0 (0.5) 6.7 7.1 (0.4) 
6.7 7.1 (0.4) 7.0 7.3 (0.3) 
6.3 7.0 (0.7) 7.0 7.4 (0.4) 

Effect of cold exposure on samples diluted in 
PSM 

Comparative analysis were made between 
samples from day 2 and day 5 (filtered/non-filtered) 
PC at 3 dilutions (1/2, 113 and 114). The results are 
summarised in Table 3. The patterns of changes in 
MPV of citrated samples upon dilution were the 
same for filtered and non-filtered products, but dif-
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Fig. 1. Spontaneous aggregation of day 1 platelet concentrate, stored either at room temperature (22°C) 
or 4°C, showing the fall in platelet counts (0, .A) is associated with increase in WBCp ( .. 0) with no 
change in WBCb (+).Note the shortening of the lag phase in 4°C stored sample as compared to 2rc 
stored sample of the same origin. 

fered for day 2 and day 5 products. In the former, 
MPV were slightly decreased, whereas, in the latter 
they were increased in the highest dilution (Table 
3). However, both day 2 and day 5 products had 
similar response to cold exposure though the res­
ponse was slightly higher for the neat preparation. 

In the EDTA samples MPV gradually in­
creased upon dilution on day 2 with no clear cut 
pattern on day 5. Whereas, in all samples there was 
a systematic decrease in their response to cold 
exposure upon dilutions as indicated by differences 
in the MPV between room temperature and 4 °C. 

Effect of cold exposure on spontaneous aggre­
gation and disparity between WBCp/WBCb 

Fresh PC (day 1) do undergo spontaneous 
aggregation upon sequential counting. This is 
shown by the fall in platelet count and concomitant 

increase in WBCp while no change in WBCb 
occurred. The representative pattern of cold-induced 
spontaneous aggregation as compared to 22°C is 
shown in Fig. 1 indicating that cold exposure acce­
lerated the rate of spontaneous aggregation. 

The lag phase of spontaneous aggregation 
is gradually prolonged upon storage when kept at 
22°C. However, the cold preparation maintained this 
pattern up to the end of shelf life (not shown). 
These findings suggest that the disparity between 
WBCp/WBCb is a good index of the states of plate­
let aggregation. 

The effect of pre-storage leucocyte reduc­
tion on changes in activity states of platelets was 
also investigated at both room temperature and 4 °C. 
Table 4 summarises the results of WBCp for day 2 
and day 5 products. On day 2 there was a slight in­
crease in WBCp subsequent to cold exposure, 
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Table 4. Effect of cold exposure on disparity between WBCp/WBCb (n = 3) 

WBCp/WBCb (x106fL) 

Day2 DayS 

Filtered Non-Filtered Filtered Non-Filtered 

RT* 
4°C 

0.03/0.02 
0.07/0.01 

0.34/0.34 
0.42/0.31 

O.o?/0.02 
1.84/0.01 

0.29/0.30 
1.17/0.30 

* Room temperature (22°C) 

whereas, on day 5 there was a substantial increase 
in WBCp. The increase in WBCp of filtered pro­
ducts was much higher than non-filtered products 
of the same origin. 

DISCUSSION 
Changes in platelet morphology, structure 

and function, during storage of platelet concen­
trates have been well documented(2,5,6). These 
changes may reflect the ageing processes, as well 
as, processing induced cellular injury. Both the 
presence of leucocytes in platelet concentrates 
during storage and prolonged exposure to cold 
( 4 °C) appear to effect platelet morphological and 
functional integrities as evaluated by both in vitro 
tests and platelet survival in vivo(4,7-9). There­
fore, leucocyte filtration has become popular in a 
transfusion setting and every effort has been made 
to maintain whole blood prior to processing for 
platelets at 22°C. 

Unfortunately, until recently, there was no 
simple and appropriate procedure which could re­
flect platelet functional and morphological inte­
grities during cold exposure. Recently, we reported 
that the use of paired sampling(± EDTA), followed 
by cell counting provides a useful index of the 
platelet aggregation states and platelet functional 
integrity comparing well with other in vitro tests(3). 
The application of a similar principle to cold expo­
sure has been evaluated in this manuscript. 

The results of this study showed that cold 
shock can be used as a simple and cost effective 
test to assess the activity states of platelets. The 
degree of cold-induced shape changes and platelet 
aggregation states appear to be related to initial 
morphological and activation states of platelets. In 
this respect filtration appears to induce some sto­
rage injury. This is experimentally demonstrated in 

Fig. 1 indicating that cold exposure clearly leads to 
shortening of lag phase of spontaneous aggregation. 
Furthermore, samples which have already undergone 
activation and pseudopodia formation due to pro­
longed EDT A exposure do respond to a lesser 
degree to cold exposure than their counterparts. 

It should be noted that rapid onset of cold­
induced platelet shape changes occurs even within 
two hours, however, these changes appear to be 
reversible unless the samples have undergone acti­
vation and fragmentation. 

The replacement of plasma protein with 
PSM has been introduced as a measure for reducing 
the transfusion reactions and improving platelet 
longevity. However, according to some authors(4), a 
certain ratio of plasma to PSM can facilitate the 
thrombin generation contributing to platelet shape 
changes and clumping. Although the design of our 
experimental protocol differs from the condition 
employed by Hogman (i.e. in our protocol the plate­
let count will drop upon dilutions) nevertheless the 
observed changes in platelet indices in PSM are 
indicative that the presence of plasma components 
may be essential to keep the platelet in its native 
shape and PSM may contribute to some platelet 
injury and/or clumping. 

The practical implication of our findings 
to operational aspects and quality assurance pro­
gramme of platelets is enormous. Firstly, care is 
needed during transport of blood for processing, as 
even short exposure to cold will lead to platelet 
clumping, affecting both platelet recovery from such 
a unit as well as leading to erroneous results, in res­
pect to platelet size and leucocyte content, in parti­
cular when WBCp is recorded as the measure of 
leucocyte content. Secondly, it helps in identifica­
tion of some short comings in platelet collection, 
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processing and/or storage-induced platelet injury as 
platelets which have already undergone shape 
changes loose their ability to respond to cold. This 
is exemplified by activation and pseudopodia for­
mation, followed by swelling and fragmentation 
induced by prolonged (overnight) platelet concen­
trate in EDT A. 

The potential beneficial advantage of over­
night temperature recycling from 4 oc to 37°C has 
been reported(lO). This is substantiated by the facts 
that fresh PC and those which have not completely 

undergone fragmentation (i.e. maintain their glyco­
lytic integrity pH > 6.4) can return almost com­
pletely to their original shape as indicated by their 
size distribution pattern upon warming (not shown). 
Recently, evidence was presented that rewarmed 
PC (22°C versus 37°C) have a better in vivo pro­
perty. 

Currently the short survival of PC pro­
duced and stored at 4°C precludes their current cli­
nical usage. Hence, technicaUclinical challenges 
remain to reduce the cold storage injury. 

(Received for publication on February 23, 1996) 
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