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ABSTRACT

 

Haematological derangements accompany breast cancer management particularly in our local setting 
where such derangements appear to be common within the general population. Anaemia, leucopenia 
and thrombocytosis arising from possible tumour-mediated immunosuppression and chemotherapeutic 
interruption of normal haemopoiesis occur frequently among breast cancer patients. Depending on the 
degree of reduction in cellular elements of blood, blood transfusion is often required to correct severe 
situations. Thus, haematological changes in stored whole blood may influence the clinical outcome. A 
prospective observational study was conducted on fresh whole blood collected in a CPDA1 blood bag 
stored at 2-6 degree Celsius. Haematological parameters such as red cell count, haemoglobin 
concentration, Pack cell volume, red cell viability, plasma percentage haemoloysis, total white cell count, 
and platelet count were measured sequentially by standard methods on daily basis up to day 35. The 
data were presented as figures. Red cell count, haemoglobin concentration, pack cell volume, red cell 
viability, total white cell count, and platelet count decrease at varying degrees while percentage 
haemoloysis increased progressively up to 35 days. There are varying reductions in the cellular 
elements of whole blood stored up to 35 days, thus making stored blood less ideal for managing 
conditions with profound blood cell depletion such as exists in breast cancer. 
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INTRODUCTION 

Breast cancer is among the leading malignancies with significant female preponderance and immense 
contribution to maternal mortality [1-4]. Its management comes with the challenge of blood cell 
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deficits among other derangements [5]. This is particularly so in Nigeria where more than half of the 
female population are anaemic owing to nutritional deficiencies and haemo-parasitic infections [6-7]. 
Consequently, both the high prevalence of anaemia in the general population and anaemia arising from 
cancer pathophysiology such as tumour vascularization and diversion of nutrients work together to 
increase the burden of anaemia in breast cancer. A prevalence of 78% anaemia has been observed locally 
among breast cancer patients prior to their commencement of chemotherapy, while 100% anaemia was 
recorded during assessment for fifth course in a six-course chemotherapy [8]. That study also reported 
increasing leucopenia from 14% before commencement of chemotherapy to 100% by midway into the 
six-course chemotherapy, while thrombocytopenia that was initially absent occurred to the tune of 56% 
through the course of treatment. This underscores the high dependence on blood transfusion for 
effective management of breast cancer. 
Management of breast cancer patients in Nigeria is compounded by late detection [7, 9-10]. Similar to 
observations in general health conditions that impact maternal health, presentation at advanced stages 
translates to heightened demands for therapeutic interventions including transfusion therapy [11-13]. 
Juxtaposed on the prevailing challenges of blood banking such as scarcity of voluntary donors and 
concern for safe blood, high demand for blood transfusion in the management of breast cancer calls for 
optimal utilization of blood products. Blood is an extracellular fluid that carries oxygen and other 
element to the tissues and carbon dioxide away from the tissues through the heart and vascular system 
of mammals. The cellular components which consist of erythrocytes, thrombocytes and leucocytes are 
particularly central to the general usefulness of blood. Each component of blood has specific functions 
ranging from: transportation, regulatory, protective, restrictive and defensive roles [14-15].  
In transfusion practice, blood is usually collected and stored to be used for transfusion. Long term goal 
of storage is to ensure readily available blood that is safe for transfusion. When whole blood is 
aseptically withdrawn from the body for transfusion purposes and stored in the blood bank between 2 
to 6 degrees Celsius, it is cut off from its in vivo natural environment as well as its nutritional supplies 
and to provide the above externally, anticoagulant is required.   An anticoagulant is a substance that is 
used in preventing clot formation or coagulation. The most commonly used anticoagulant for whole 
blood storage in transfusion medicine is citrate phosphate dextrose adenine (CPDA) which keeps blood 
up to 35 days in better state compared to some other anticoagulants [16-17]. Considering the scale of 
blood cell deficits previously observed in breast cancer, the present study investigated the rate of 
depletion in cellular elements of stored blood in order to determine suitability of stored blood in the 
management of breast cancer patients. 

MATERIALS AND METHODS 
The study was conducted in the blood bank unit of the University of Calabar Teaching hospital, located 
in Cross River State of Nigeria. The hospital on an average, records up to 10 transfusions a day. The 
design was a longitudinal one as the investigation were followed up from day zero to day 35. Blood bag 
of 450ml containing 63ml of Citrate Phosphate Dextrose Adenine anticoagulant was used to collect 
blood from a fit donor. Standard safety precautions were observed to avoid contamination and possible 
transmission of blood borne pathogens. The unit of blood was dispensed into small aliquot in universal 
sterile bottles and stored at 2-60C for 35 days. This is to maintain the blood in sterile state and avoid 
contamination for the period of study. Complete blood count was determined using DYMIND DF50 
Haematology auto-analyzer. Red cell viability was determined using trypan blue method while 
Percentage haemolysis was determined using cytotoxicity haemolytic activity test at 540nm. A time 
series of the haematologic parameters of the stored blood was performed and presented graphically. 
 

RESULTS 

In this study, some haematological parameters of the fresh blood stored at 2-6°C for a period of 35 days 
in UCTH blood bank was assessed. A complete blood count, percentage haemolysis and percentage 
viability, were assessed. The results obtained for day Zero were used as controls. It was observed that 
daily changes occurred in all the parameters, while some changes were declining, others were 
increasing. Again, some changes were slow and steady while others were sporadic.  In figure 1 red 
blood cell count reduced from 4.95 x10¹²/L by day zero to 3.3 x10¹²/L by day 35 which is a 66.7% 
reduction.  Haemoglobin consistently reduced from 134 g/L at day zero to 109 g/L equivalent of 81.3 % 
fig2 while haematocrit values revealed a slow but steady decrease from baseline value of 0.40 L/L to 
0.33 L/L by day 35 which is 82.5 % fig3. The percentage viability of red blood cells showed marked 
reduction from 99.7% by day zero to 65.9 % by day 35 of storage showing a difference of 33.8% fig 4. 
On the other hand, figure 5 showed increasing values of percentage haemolysis with progressive 
storage; from a base- line value of 2.9% by day zero to 29.2 % by day 35 which is over ten folds.  The 
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TWBC reduced from 4.80 x 10⁹/L from day zero to 2.80 x 10⁹/L which gives 58.3 % fig 6 while platelet 
counts revealed a sharp fall up to 75.9% between day zero and the second day of storage and then 

continued to fall within the storage period from 465 x 10⁹/L at day zero to 61 x 10⁹/l by day 35 giving 
a reduction rate of  13.4%. 

       
FIG 1 line graph of daily values of red cell count 
 

 FIG 2 line graph of daily values of red cell count    
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FIG 3  line graph of daily values of red cell count 

 
FIG 4  line graph of daily values of red cell count 
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FIG 5  line graph of daily values of Haemoglobin concentration 

 
FIG 6 line graph of daily values of total white cell count 

 
FIG 7  line graph of daily values of Platelet  count 

2.9

2.7

7.1

29.2

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35 40 45

%
 h

ae
m

o
ly

si
s

Duration of storage (Days) 

Percentage Haemoloysis

4.8

2.8

0

1

2

3

4

5

6

0 5 10 15 20 25 30 35 40 45

To
ta

l W
h

it
e 

C
el

l C
o

u
n

t 
x1

0
9

/l

Duration of storage (Days)

% TWC Count reduction
2.8/4.8x100=58.3%

465

353

101
61

0

50

100

150

200

250

300

350

400

450

500

0 5 10 15 20 25 30 35 40 45

P
la

te
le

t 
C

o
u

n
t 

x1
0

9
/l

 

Duration of storage ( Days) 

% Platelet Count reduction in day 2
353/465x100=75.9%.

in 35 days 61/460x100= 13.4%



 
©NIJRMS                                                                                                                                  OPEN ACCESS  
Publications 2023                                                                                                               ISSN: 2992-5460 

Udosen et al 
This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited 

 
 

Page | 52 

 
DISCUSSION 

Blood transfusion is the major medium for replacement of blood for health conditions where it is 
indicated. Blood for transfusion needs to be collected, processed and stored in order for it to be available 
when required. This storage however raises a question about the state of the stored blood at the time 
of transfusion as well as the benefits derived by the recipient of the blood when transfused. Quality of 
fresh stored blood at temperature between 2° to 6°C for a period of 35 days, was the focus of this study.   
Red cell count revealed a slow but steady reduction from day zero to day 35 with a 66.7 % reduction in 
count. This is in conformity with previous reports. The gradual reduction may be due to normal red 
cell apoptosis or cell death. On storage, the red cells change shape from discs to echinocytes and finally 
to sphere which makes them become more rigid and shed their lipids. The resultant effect is a fall in 
ATP and 2, 3-DPG content as the duration of storage increases [18-19]. This change in shape and loss 
of deformability will affect the functionality of stored red cells in the circulation of the recipient and for 
this reason stored blood may not be good enough for use when transfusion is needed in breast cancer 
management rather fresh whole blood should be advocated where red cell component is not available. 
Haemoglobin concentration was observed to reduce gradually from day zero with the highest reduction 
of 81.3 % seen on day 35. This is due to the fact that there is no more production within stored blood 
to compensate for non-viable cells [18-19]. The implication is that the stored blood when transfused, 
may not have the ability to carry oxygen in the recipient’s circulation and therefore may not be suitable 
in the face of anaemia during breast cancer management. Similar reduction rate of 81.5 % in the 
haematocrit values within the period of storage up to day 35 also occurred. Again the reduction is due 
to the continuous destruction of red cells which reduces the number of red blood cells as well as some 
red cells  attaining their full lifespan of 120 days within the storage period leading to their loss in the 
stored blood. 
In the present study, percentage viability of 99.70 % on day zero  was reduced by the day to  65.9% by 
day 35. This finding shows that the difference between day zero and day 35 of storage is 33.8 %. The 
steady decrease we attribute to reduced red blood cells flexibility or deformability which is a major 
determinant of red cell viability and therefore such blood may not benefit the breast cancer recipient. 
On the other hand, a dramatic increase was observed in percentage haemolysis of red cells in plasma 
over the storage duration from 2.9 to 29.3% by day 35 giving a 10-fold rise. This could be attributed to 
the fact that red cells undergo spontaneous haemolysis in whole blood storage as the anticoagulant 
citrate phosphate dextrose adenine-1 alters erythrocyte membrane proteome [18] thus such blood will 
not be beneficial for breast cancer patient. The total white blood cells revealed a progressive decrease 
from day zero throughout the period of storage. Findings have shown that the total white cell count 
goes down by half by the end of 35 days. This could be as a result of the short life span of white cells 
which ranges from hours to a few days. This type of blood will not benefit breast cancer patients 
particularly those with marked leucopenia. Platelets showed a noticeable sharp reduction in the first 2 
days (75.2%). This implies that about 25% of platelet is lost on storage and therefore not good enough 
for use when platelet therapy is indicated. From the 3rd day there is a marginal steep fall up to 21days 
and continues as storage progressed with the lowest percentage value of 13.4 % (61 x109/l) by day 35. 
This is probably due to the short life span of platelets; the average life span of circulating platelets is 8-
9 days [18-22]. This finding indicates that stored blood is not adequate in platelet count for use in 
breast cancer management. 

            CONCLUSION 
This work then concludes that the cellular elements in whole blood alters in varying degrees on storage 
and therefore may not be beneficial to the recipients with high degree of blood cell depletion such as 
seen in breast cancer management.  
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