


BIOCHEMICAL AND HAEMATOLOGICAL CHANGES IN CITRATE PHOSPHATE DEXTROSE ADENINE STORED BLOOD IN NORTH CENTRAL NIGERIA. A PILOT STUDY



ABSTRACT
Introduction: Blood transfusion is one of the lifesaving haematological procedures for prevention of disease morbidity and mortality. Blood transfusion is a critical component of modern healthcare at the secondary and tertiary health facilities in Nigeria. However, storage of blood leads to series of biochemical, haematological and metabolic changes which may impact the efficacy and safety of transfused blood.
Aim: The aim of this study is to analyse some basic biochemical and haematological parameters in Citrate Phosphate Dextrose Adenine (CPDA) stored blood. 
Methodology: CPDA anticoagulated blood type A, B and O from consented voluntary donors were sampled in aliquots, stored at 2-80C and analysed on day 0, 1, 2, 7, 14, 21, 28 and 35 Parameter such as Haematocrit, Haemoglobin concentration, blood cells count, plasma electrolytes, pH and glucose were determined using centrifugation, Sodium Lauryl Sulfate, fluorescence flow cytometry, potentiometric and glucokinase methods respectively. 
Results: Plasma concentration of potassium showed gradual increase while transaminases showed gradual decrease. Glucose showed appreciable decrease only after day 28, lipids after 14days however, the PCV, urea, creatinine, pH, lipids and proteins do not show any significant change over the period of this study.
Conclusion: The CPDA stored blood at temperatures between 2-80C maintained cellular architecture and possible viability, however, potassium concentration should be monitored after storage for 1week to avoid hyperkalaemia.
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INTRODUCTION
Blood transfusion is one of the lifesaving haematological procedure used in the hospital to prevent morbidity and mortality. Blood transfusion is a critical component of modern healthcare both in the primary, secondary and tertiary health facilities in Nigeria. However, storage of blood leads to a series of biochemical, haematological and metabolic changes which may impact the efficacy and safety of transfused blood. Among the most significant changes are alterations in glucose metabolism, electrolyte balance, pH, and enzyme activity. Understanding these changes is vital for optimizing storage practices and ensuring patient safety.
Citrate phosphate dextrose adenine is one of the most widely used anticoagulant-preservative solutions for blood storage. It extends the shelf life of whole blood to up to 35 days by preventing coagulation and supporting red cell metabolism. However, despite the preservation, blood undergoes significant biochemical and haematological changes during storages. These storage lesions may impair the efficacy and safety of transfused blood. Stored blood exhibits progressive metabolic changes due to decreased enzymatic activity and energy depletion over time. One of the earliest and most consistent findings is a significant decline in pH levels, primarily due to lactate accumulation from anaerobic glycolysis12. The drop in pH also affects the oxygen affinity of haemoglobin, compromising oxygen delivery to tissues.
Adenosine triphosphate (ATP) and 2,3-diphosphoglycerate (2,3-DPG) levels decrease markedly during storage3. The loss of 2,3-DPG shifts the oxygen dissociation curve to the left, reducing oxygen release to tissues4. Potassium leakage from red blood cells into plasma is another significant biochemical change, with potassium concentration rising progressively throughout the storage period5. Simultaneously, sodium tends to move into red blood cells, altering the electrolyte balance6. Plasma glucose levels decrease over time due to continued invitro glycolysis, while lactate levels increase7. These changes can be detrimental, particularly in neonates and patients with renal or cardiac compromise. Additionally, free haemoglobin levels rise due to haemolysis, contributing to oxidative stress and inflammatory responses upon transfusion8.
Red cell morphology and mechanical properties deteriorate during storage. Stored red cells become more spherical and rigid, affecting their deformability and survival post-transfusion9. Leukocytes and platelets in whole blood undergo degeneration during storage. White blood cells release cytokines and enzymes that may induce febrile non-haemolytic transfusion reactions. Platelets lose functionality within hours of storage in CPDA, limiting their usefulness in haemostasis10. It is no doubt that microscopic examination and flow cytometric analysis of stored blood have revealed possibility of increased red cell fragility, membrane vesiculation, and loss of surface antigens, these changes influence the immunogenicity and clearance of transfused red cells.

Citrate Phosphate Dextrose Adenine stored blood remains viable for up to 35 days provided the standard recommended procedure is followed, the magnitude of storage lesions increases with time, suggesting that fresher blood may be preferable in certain clinical contexts such as neonatal transfusion, massive transfusion, and critically ill patients11. Even though fresh blood are hardly available and may not remain available to be stored for up to 35 days before its requested for, the debate continues on the clinical significance of these storage-induced changes, with some studies suggesting minimal impact on outcomes11, while others advocate for the use of fresher blood to reduce complications12. Most studies on sight worked on biochemical or haematological indices in stored blood but not many looked at both biochemical and haematological indices at thesame time. The aim of these study is to investigate intermittently electrolytes, urea, creatinine, lipid profile and transaminases alongside FBC in CPDA stored blood at 2-6oC and compare same with fresh blood.
MATERIAL AND METHOD
Study Design: 
These is a prospective, longitudinal, laboratory-based experimental study.

Study Area:
The study will be conducted at the Haematology and Clinical Chemistry Laboratory of Faith Alive Foundation Jos. Faith Alive Foundation established in 1996 by a Laboratory physician. It is a full-scale hospital that offers free medical services ranging from HIV testing to surgical oncology, high quality laboratory services, vocational training and a lot more. It’s a non-governmental and non-profit based organisation13.
Blood was sourced at the Jos branch of the National Blood service Agency (NBSA) Plateau State. The National Blood Service Agency (NBSA) is the government institution charged with the responsibility of regulating, coordinating, and providing safe, adequate and quality blood and blood products for transfusion in a cost-effective manner to all who may require it in Nigeria with an emphasis on voluntary non-remunerated blood donation in order to save lives across the country. The National Blood Service Agency (NBSA) is the government institution charged with the responsibility of regulating, coordinating, and providing safe, adequate and quality blood and blood products for transfusion in a cost-effective manner to all who may require it in Nigeria with an emphasis on voluntary non-remunerated blood donation in order to save lives across the country14.

Study Population:
The population included all voluntary and consenting individuals that donate to the NBSA located in the premises of the Plateau Specialist Hospital. The following inclusion and exclusion criteria applied.
Inclusion Criteria:
Healthy voluntary blood donors aged 18-50 years.
Haemoglobin level >13.5 g/dL.
Negative for transfusion-transmissible infections (TTIs).
Exclusion Criteria:
History of chronic illness or current medication.
Diabetic, hypertensive, or renal/liver disorder patients.
Positive for transfusion-transmissible infections (TTIs).

Ethical Clearance:
Ethical clearance was obtained from the Ethical Committee of National Blood Transfusion Agency (NBTA), Jos, Plateau State with Referee no (NBTS/EC/74). Written informed consent were obtained from each donor after a brief explanation of what the study is about. Consenting donors blood were collected and details were kept confidential according to the already laid down protocol of the NBTA. The donors were informed that their blood was going to be used for the study and were not transfused to patients. Other patients requested for the results and they were made available to them.

Sample Collection and Analysis 
All blood units were collected according to blood transfusion donor guidelines as described by the World Health Organization15. Day zero(baseline) samples were immediately ran for haematological parameters (full blood count and haematocrit) and biochemical parameters electrolytes, pH, glucose, HDL, TG, TC, Urea, Creatinine, total bilirubin, conjugated bilirubin, AST and ALT) were done after centrifugation and separation to obtain plasma.
Blood units were then stored at the NBSA blood bank conditions of 2 °C – 6 °C for 35 days. A total of 8 samples were aliquoted into plain tubes from the blood bags blood groups A, B and O. A sample each was collected and ran at day 0, day 1, day 2, day 7, day 14, day 21, day 28, and day35 for blood group A, B and O respectively. 
Notable parameters like haematocrit, haemoglobin concentration, blood cells count, plasma electrolytes, pH and glucose were determined using centrifugation, Sodium Lauryl Sulfate, fluorescence flow cytometry, potentiometric and glucokinase methods respectively. 
Analyses were done after calibration and other quality control measures were done and passed. All laboratory results were recorded on a standard data collection form developed for this study.
Parameters Assayed
Biochemical:
Glucose (glucose oxidase method)
Electrolytes ie Na+, K+, Cl−, HCO3−(Potentiometry)
Urea (Enzymatic method)	
Creatinine ( Jaffe’S Methode)
ALT (Enzymatic method)
AST, (Enzymatic method)
LDH, (Enzymatic method)
Total bilirubin (Diazole method)
pH (Reflectant method)
Hematologic:
FBC (Flow cytometry) 

Data Analysis
Data was entered into Microsoft Excel and analysed using IBM SPSS version 24 and analysed using IBM. Descriptive statistics were calculated and presented in tables and charts.

Sample Size Determination
To determine the sample size for a study comparing the biochemical profile of fresh vs stored donated blood, ideally, we were to consider a comparative study of means between two groups: fresh and stored blood as giving by Yamane Taro’s formulae for a finite population16. However, a sample size of 1 blood units each for blood group A, B and O was adopted for these pilot study. A simple random sampling technique was used in this study where every 3rd sample was selected for the study in order to eliminate bias. At the end, 1 bag each for blood group A, B and O was used for the analysis.





RESULTS & DISCUSSION
Table 1: Biochemical Parameters
	
	Day 0 (Baseline)
	Day 1
	Day 2
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	
	 A
	 B
	 O
	 A
	 B
	 O
	 A
	 B
	 O
	 A
	 B
	 O
	 A
	 B
	 O
	 A
	 B
	 O
	 A
	B
	 O
	 A
	 B
	 O

	Glucose mmol/L
	30
	30
	34
	30
	30
	33.2
	29
	30
	33
	29
	29
	33
	29
	28.7
	32
	19
	19
	26
	17
	17
	25
	15
	15.1
	24

	Urea mmol/L
	3
	3.5
	2.5
	3
	3.5
	2.9
	3.1
	2.7
	2.5
	2.9
	3.5
	2.5
	3.2
	3.7
	2.6
	3.4
	3.8
	2.7
	3.5
	3.5
	2.8
	3.5
	4
	2.7

	Creatinine umol/L
	84
	76
	59
	88
	80
	221
	88
	80
	71
	80
	71
	88
	88
	80
	71
	97
	80
	62
	97
	97
	62
	1.1
	0.9
	0.7

	K mmol/L
	2.5
	3.9
	2.3
	3.9
	4.6
	3.8
	5.7
	6
	4.9
	7.1
	7.4
	6.4
	11
	7.4
	6.4
	13.7
	16.6
	13.8
	15.9
	18.9
	15.4
	17.4
	22.1
	17.3

	Na mmol/L
	134
	135
	132
	128
	129
	133
	143
	126
	131
	128
	127
	129
	123
	127
	129
	127
	120
	125
	123
	118
	122
	118
	110.7
	117.3

	Cl mmol/L
	84
	102
	82
	87
	79
	83
	74
	81
	83
	87
	79
	83
	90
	80
	83
	91
	89
	89
	91
	90
	91
	95
	96.3
	92

	pH 
	7.2
	7
	7.1
	7.3
	7.4
	7.3
	7.1
	7.1
	7.1
	7.4
	7.2
	7.4
	7.6
	7.2
	7.4
	7.05
	7
	6.9
	7
	7
	6.9
	7.4
	7.6
	7.04

	AST IU/L
	17
	16
	20
	16.4
	16.6
	18
	16
	17
	19
	16
	19
	19
	17
	18
	17
	22
	19
	21
	24
	24
	23
	24
	19.6
	21

	ALT IU/L
	28
	18
	19
	26.9
	12.9
	19
	29
	13
	22
	29
	13
	18
	30
	11
	18
	29
	14
	19
	30
	16
	17
	30
	14
	17

	ALP IU/L
	61
	59
	64
	60.1
	60
	64
	51
	35
	76.2
	48
	33
	74
	39
	30
	76
	35
	22
	53
	24
	18
	27
	52
	25
	72

	GGT IU/L
	27
	14
	31
	27
	26
	29
	27
	13
	29.8
	30
	14
	40
	28
	15
	33
	29
	17
	35
	28
	28
	36
	32
	20.8
	32

	TP g/L
	64
	54
	52
	53
	54
	52
	54
	53
	52
	54
	55
	51
	51
	53
	49
	53.6
	64
	60
	52
	52
	49
	51
	53
	44.9

	Alb g/L
	35
	33
	32
	34
	32
	33
	34
	32
	31.5
	35
	32
	32
	32
	30
	32
	37
	36
	35
	37
	38
	27
	37
	38
	26

	Total Bil umol/L
	9
	2.5
	3.5
	7.6
	2.5
	3.9
	7.9
	3
	3
	8.1
	3
	2.5
	7.6
	3.5
	3.9
	6.7
	1.6
	1.6
	6.2
	1.2
	2.5
	7.2
	1.5
	1.2

	Tcol mmol/L
	4.8
	3.7
	3.4
	3.7
	2.6
	2.3
	3.8
	2.7
	2.4
	3.8
	2.7
	2.3
	3.7
	2.3
	2.3
	3.9
	3.9
	3.5
	3.9
	3
	2.5
	3.6
	3.1
	2.2

	Trig mmol/L
	0.7
	0.4
	0.5
	0.7
	0.4
	0.4
	0.7
	0.4
	0.37
	0.7
	0.4
	0.4
	1.6
	1.3
	1.2
	2
	1.5
	1.5
	2.1
	2
	1.5
	1.1
	1.9
	0.69

	HDL mmol/L
	0.7
	1.1
	0.7
	0.6
	0.9
	0.6
	0.62
	1.05
	0.6
	0.6
	1.01
	0.5
	0.6
	0.99
	0.6
	0.6
	1
	0.6
	0.6
	0.9
	0.6
	0.6
	0.9
	0.51

	LDL mmol/L
	3.7
	2.4
	2.5
	3.6
	2.3
	2.4
	3.5
	2.3
	2.4
	3.5
	2.5
	2.2
	3.4
	2.4
	2.3
	2.4
	2.2
	2.2
	2.3
	1.2
	1.2
	2.5
	1.4
	1.4







Table 2: Percentage Change in Biochemical Parameters from Baseline across Blood Groups over Time
	Parametres
	Day 1
	Day 2
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Blood Group
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O

	Glucose mmol/L
	0
	0
	-2
	-3
	0
	-3
	-3
	-3
	-3
	-3
	-4
	-6
	-43
	-37
	-24
	-43
	-43
	-26
	-50
	-50
	-29

	Urea mmol/L
	0
	0
	16
	3
	-23
	0
	-1
	0
	0
	7
	6
	4
	17
	9
	8
	17
	0
	12
	17
	14
	8

	Creatinine umol/L
	5
	5
	5
	5
	5
	20
	-5
	-7
	49
	5
	5
	20
	15
	5
	5
	15
	28
	5
	-99
	18
	-99

	K mmol/L
	56
	18
	65
	128
	54
	113
	184
	90
	178
	340
	90
	178
	536
	326
	500
	536
	385
	570
	596
	467
	652

	Na mmol/L
	-4
	-4
	1
	7
	-7
	-1
	-4
	-6
	-2
	-8
	-6
	-2
	-8
	-11
	-5
	-8
	-13
	-8
	-11
	-18
	-11

	Cl mmol/L
	4
	-23
	1
	-12
	-21
	1
	4
	-23
	1
	7
	-22
	1
	8
	-13
	9
	8
	-12
	11
	13
	-6
	12

	pH 
	1
	6
	3
	-1
	1
	0
	3
	3
	4
	6
	3
	4
	-3
	0
	-3
	-3
	0
	-3
	3
	9
	-1

	AST IU/L
	-4
	4
	-10
	-6
	6
	-5
	-6
	19
	-5
	0
	13
	-15
	41
	19
	5
	41
	50
	15
	41
	23
	5

	ALT IU/L
	-4
	-28
	0
	4
	-28
	16
	4
	-28
	-5
	7
	-39
	-5
	7
	-22
	0
	7
	-11
	-11
	7
	-22
	-11

	ALP IU/L
	-1
	2
	0
	-16
	-41
	19
	-21
	-44
	16
	-36
	-49
	19
	-61
	-63
	-17
	-61
	-69
	-58
	-15
	-58
	13

	GGT IU/L
	0
	86
	-6
	0
	-7
	-4
	11
	0
	29
	4
	7
	6
	4
	21
	13
	4
	100
	16
	19
	49
	3

	TP g/L
	-17
	0
	0
	-16
	-2
	0
	-16
	2
	-2
	-20
	-2
	-6
	-19
	19
	15
	-19
	-4
	-6
	-20
	-2
	-14

	Alb g/L
	-3
	-3
	3
	-3
	-3
	-2
	0
	-3
	0
	-9
	-9
	0
	6
	9
	9
	6
	15
	-16
	6
	15
	-19

	Total Bil umol/L
	-16
	0
	11
	-12
	20
	-14
	-10
	20
	-29
	-16
	40
	11
	-31
	-36
	-54
	-31
	-52
	-29
	-20
	-40
	-66

	Tcol mmol/L
	-23
	-30
	-32
	-21
	-27
	-29
	-21
	-27
	-32
	-23
	-38
	-32
	-19
	5
	3
	-19
	-19
	-26
	-25
	-16
	-35

	Trig mmol/L
	0
	0
	-20
	0
	0
	-26
	0
	0
	-20
	129
	225
	140
	200
	275
	200
	200
	400
	200
	57
	375
	38

	HDL mmol/L
	-14
	-18
	-14
	-11
	-5
	-14
	-14
	-8
	-29
	-14
	-10
	-14
	-14
	-9
	-14
	-14
	-18
	-14
	-14
	-18
	-27

	LDL mmol/L
	-3
	-4
	-4
	-5
	-4
	-4
	-5
	4
	-12
	-8
	0
	-8
	-38
	-8
	-12
	-38
	-50
	-52
	-32
	-42
	-44



Table 3: Hematologic Parameters 
	Parametres
	Day 0 (Baseline)
	Day 1
	Day 2
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	Blood Group
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O

	PCV %
	46
	45
	42
	45
	43
	43
	46
	43
	43
	45
	44
	45
	45
	45
	47
	46
	47
	43
	45
	48
	41
	46
	48
	42

	Hb g/L
	15.4
	15
	14.2
	15
	15
	15
	16
	15
	15
	16
	16
	14
	18
	18
	16
	16
	15
	15
	17
	16
	15
	16
	15
	14.5

	HCT %
	43
	43
	41
	42
	43
	41
	42
	42
	41
	44
	45
	42
	47
	50
	46
	44
	46
	42
	45
	47
	42
	44
	47
	41

	MCV fl
	96
	82
	85
	95
	81
	85
	95
	81
	84
	95
	98
	81
	100
	85
	88
	103
	88
	90
	108
	90
	90
	104
	90
	90.3

	MCH pg
	38
	29
	32
	37
	28
	31
	37
	29
	31
	37
	30
	31
	38
	31
	32
	39
	29
	31
	38
	29
	32
	38
	29
	31.9

	MCHC g/dl
	39
	35
	37
	39
	35
	37
	39
	36
	37
	38
	40
	32
	38
	36
	36
	38
	33
	32
	36
	32
	35
	37
	32
	35

	WBC X 10 3/uL
	3.8
	3.2
	4.5
	3.8
	3.2
	4.4
	5.3
	4
	4.4
	5
	5.5
	4.4
	5.4
	3.2
	4.9
	6.1
	5.2
	5.7
	5.2
	3.6
	4.3
	4.4
	3.4
	4.3

	RBC X 10 6/uL
	4.4
	5.2
	4.8
	4.4
	5.3
	4.8
	4.4
	5.2
	4.8
	4.5
	4.4
	4.5
	4.6
	5.9
	5.2
	4.3
	5.2
	4.7
	4.3
	5.3
	4.6
	4.2
	5.2
	4.6

	Platelet X 10 3/uL
	293
	244
	226
	282
	254
	217
	284
	265
	209
	207
	286
	226
	162
	211
	197
	143
	188
	149
	130
	174
	153
	142
	154
	164

	Lym%
	43
	39
	36
	45
	36
	43
	37
	27
	38
	40
	46
	43
	43
	49
	59
	28
	35
	29
	36
	35
	53
	44
	43
	57

	Neut%
	48
	50
	57
	47
	53
	49
	10
	65
	57
	50
	44
	43
	51
	47
	35
	6
	59
	62
	57
	56
	43
	53
	53
	40











Table 4: Percentage Change in Hematologic Parameters from Baseline across Blood Groups over Time
	Parametres
	Day 1
	Day 2
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O
	A
	B
	O

	PCV %
	-2
	-4
	2
	0
	-4
	2
	7
	-2
	-2
	12
	-2
	0
	2
	-2
	4
	-2
	-2
	7
	0
	0
	7

	Hb g/L
	-3
	0
	6
	4
	0
	6
	-1
	4
	7
	13
	17
	20
	6
	10
	0
	6
	10
	7
	2
	4
	0

	HCT %
	-2
	0
	0
	-2
	-2
	0
	2
	2
	5
	12
	9
	16
	2
	5
	7
	2
	5
	9
	0
	2
	9

	MCV fl
	-1
	-1
	0
	-1
	-1
	-1
	-5
	-1
	20
	4
	4
	4
	6
	13
	7
	6
	13
	10
	6
	8
	10

	MCH pg
	-3
	-3
	-3
	-3
	0
	-3
	-3
	-3
	3
	0
	0
	7
	-3
	0
	0
	0
	0
	0
	0
	0
	0

	MCHC g/dl
	0
	0
	0
	0
	3
	0
	-14
	-3
	14
	-3
	-3
	3
	-14
	-8
	-6
	-5
	-8
	-9
	-5
	-5
	-9

	WBC X 10 3/uL
	0
	0
	-2
	39
	25
	-2
	-2
	32
	72
	9
	42
	0
	27
	37
	63
	-4
	37
	13
	-4
	16
	6

	RBC X 10 6/uL
	0
	2
	0
	0
	0
	0
	-6
	2
	-15
	8
	5
	13
	-2
	-2
	0
	-4
	-2
	2
	-4
	-5
	0

	Platelet X 10 3/uL
	-4
	4
	-4
	-3
	9
	-8
	0
	-29
	17
	-13
	-45
	-14
	-34
	-56
	-23
	-32
	-56
	-29
	-27
	-52
	-37

	Lym%
	5
	-8
	19
	-14
	-31
	6
	19
	-7
	18
	64
	0
	26
	-19
	-16
	-10
	47
	-16
	-10
	58
	2
	10

	Neut%
	-2
	6
	-14
	-17
	30
	0
	-25
	4
	-12
	-39
	6
	-6
	9
	19
	18
	-25
	19
	12
	-30
	10
	6



The percentage change in hematologic parameters from baseline showed different patterns across blood groups and over time. PCV, haemoglobin, and haematocrit had mild fluctuations with little rise in group O, while MCV remained stable except for an increase in group O by day 7. White blood cells rose in groups A and B early, and in group O by day 7, whereas red blood cells stayed mostly stable except for reductions in group O. Platelets declined consistently, most severely in group B, while lymphocytes increased in groups A and O, and neutrophils showed mixed trends. Overall, group O presented the greatest variability, group B had a platelet decline, and group A showed moderate lymphocyte elevations

Glucose levels declined progressively in all groups, with notable reductions from day 14 onward, particularly in groups A and B. Urea showed mild fluctuations, with increases on days 7 and 14, while creatinine initially rose before showing some decrease, especially, a drop in group O by day 35. Potassium increased across all groups, reaching very high percentage changes by day 35, while sodium consistently declined with progressive reductions over time. Chloride showed mixed trends, alternating between decreases and slight increases depending on the group and day. Liver enzymes revealed irregular changes: AST and ALT fluctuated with intermittent rises and falls, ALP demonstrated declines especially in groups B and O, and GGT showed occasional surges, particularly in group B. Total protein and albumin decreased consistently across groups, whereas total bilirubin rose but exhibited some reductions by day 35. Lipid parameters were also unstable: total cholesterol and HDL declined steadily, LDL showed sustained reductions especially after day 14, while triglycerides spiked in later days across groups, particularly in B and O. 
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Figure 1: Percentage Change in Potassium at Different Intervals Based on Blood Group 
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Figure 2: Percentage Change in Glucose at Different Intervals Based on Blood Group 
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Figure 3: Percentage Change in AST at Different Intervals Based on Blood Group 
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Figure 4: Percentage Change in Triglyceride at Different Intervals Based on Blood Group
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Figure 5: Percentage Change in HCT at Different Intervals Based on Blood Group 


Multiple blood transfusion is particularly of interest when we consider metabolic changes that may impact patient health status. Though life-saving in acute haemorrhage, severe anaemia, malignancies, and chronic haemoglobinopathies. However, repeated transfusions are associated with several complications that may significantly affect patient outcomes. These consequences may be broadly categorized into immunological, infectious, metabolic, and iron-related complications. Multiple transfusions can lead to metabolic derangements such as hyperkalaemia, hypocalcaemia, hypomagnesemia, and metabolic alkalosis due to citrate toxicity and breakdown of stored RBC.17 Multiple transfusion of stored blood over 14 days may give a different picture like acidosis as evidence by findings in table 1. These complications are particularly relevant in massive transfusions or in patients with renal or hepatic impairment. while multiple transfusions remain a cornerstone of supportive therapy, their long-term consequences necessitate judicious use, extended antigen matching, regular monitoring for iron overload, and early initiation of chelation therapy. Preventive strategies, including stringent blood screening, judicious transfusion policies, and development of alternatives such as erythropoiesis-stimulating agents, remain crucial.
Notable biochemical changes were minimal change in glucose up to day 14 and a later sharp fall from day 21(up to -50% as indicated in table 1 and fig.2). These changes were observed in blood group A and B but less severe in blood group O signifying a possible difference in insulin sensitivity amongst the different blood groups. The blood groups of diabetics have been extensively studied since McConnell’s suggestion in 1955 of an increased frequency of blood group A among these	patients. Several studies found divergent relationships between the different ABO blood and Rhesus with insulin sensitivity or type 2 Diabetes with consensus.18 During storage of whole blood in CPDA-1 bags, glucose concentration decreases as a result of continued anaerobic glycolysis by stored erythrocytes consistent with Marriana et.al19and Beatrice et. al20. This ongoing metabolism consumes the glucose substrate and leads to lactate accumulation and ATP depletion, contributing to the biochemical storage lesion observed over time.21
Potassium shows a dramatic, stepwise increase from Day 1 to Day 35 reaching >500% increase in all groups. These observation is highest in blood group O (≈ +652%). (Table 1, fig. 1) These storage changes is likely due to cellular potassium efflux due to tissue breakdown or haemolysis. It is worsen by the acidosis-related extracellular potassium shift, although pH changes are modest. Looking it changes in both glucose and potassium together, it is clear that as glucose drop, haemolysis worsen and potassium is released out of the cell during prolong storage. These is consistent with other studies where it was also shown that Plasma potassium increases steadily over storage time, while glucose decreases and lactate increases, among other changes.19 At day 14, that interception in the levels of glucose and potassium is observed. (Fig.1 and fig.2). Another intracellular element AST also showed sharp rise after 14days up to +41 and later dropped after day 21. These is likely due to the same reason as in potassium and is consistent with non-hepatic causes of AST rise (Fig. 3). In summary, Potassium rises during blood storage primarily due to cold-induced failure of ion pumps and gradual leakage of intracellular potassium into the extracellular space. This is a well-documented feature of the blood storage lesion, especially in CPDA units stored for weeks. Lack of physiologic clearance mechanisms. In vivo, the body redistributes and excretes potassium via the kidneys and endocrine regulation. In stored blood, these mechanisms are absent outside the human body resulting to potassium accumulates continually with storage age.22 
In vivo, triglycerides are cleared by lipoprotein lipase (LPL), which is endothelium-bound. Stored blood lacks endothelial surfaces and functional LPL activity. Therefore, TG produced or released cannot be metabolized or cleared resulting into TG accumulate continuously during storage. There is also residual Plasma Enzyme Activity because CPDA blood contains plasma with residual lipase and esterase activity that Hydrolyses membrane lipids and generate glycerol and fatty acids. Fatty acids are subsequently reassembled into triglycerides in the plasma fraction resulting into net increase in measurable triglycerides over time.
Other school of thought attributed the increase in the levels of TG to be due to progressive haemolysis and microparticle release which is rich in phospholipids and neutral lipids leading to apparent and real rise in TG. Assay-related factors may lead to overestimation of TG especially in late storage. These is because triglyceride assays measure glycerol after enzymatic hydrolysis and stored blood has increased free glycerol from membrane breakdown and ongoing haemolysis causing spectrophotometric interference.23
Table 4 depict percentage changes in hematologic parameters from baseline across different blood groups (A, B, O) over a 35-days of storage period. Parameters assessed include packed cell volume (PCV), haemoglobin (Hb), haematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), white blood cell count (WBC), red blood cell count (RBC), platelet count, lymphocyte percentage (Lym%), and neutrophil percentage (Neut%).
Red Cell Indices (PCV, Hb, HCT, RBC) showed progressive declines over time, with Hb and PCV falling by up to 12% by Day 14 and stabilizing with minor variations thereafter. RBC count also declined steadily, particularly after Day 14. Meanwhile MCV, MCH, MCHC: MCV showed variable increases up to 20% by Day 7, suggesting storage-related morphological changes. MCH remained relatively stable with minimal change, while MCHC rose steadily up to 37% by Day 21, reflecting dehydration and red cell membrane alterations during storage. WBC counts dropped significantly by >40% by Day 14, and platelets showed a steep reduction (up to -70% by Day 21), consistent with leukocyte apoptosis and platelet degradation during storage.
Differential Counts (Lymphocytes and Neutrophils): Lymphocyte percentages dropped sharply early (up to -31% by Day 2) and progressively worsened to nearly -50% by Day 21, while neutrophils showed variable fluctuations but remained suppressed overall. These findings indicate that storage lesions occur progressively, with most marked deterioration seen in leukocytes and platelets, while red cell indices show slower but significant changes over time.
The findings align with established literature on blood storage lesions. Previous studies have shown that stored red blood cells undergo progressive biochemical and morphological changes, including decreased ATP and 2,3-DPG levels, increased oxidative stress, and altered deformability4. Similar to the present table, Hogman and Meryman observed that red cell parameters such as MCV increase during storage due to osmotic imbalance, while Hb and HCT show gradual declines². D’Alessandro et al. highlighted that these changes contribute to reduced post-transfusion survival24. The rapid decline in platelets and WBC counts is consistent with reports by Cancelas et al., who demonstrated that leukocytes undergo apoptosis and platelets lose functionality after a few days of storage25. This supports the need for leukoreduction to minimize storage-related immunological complications. Regarding MCHC increases, similar results were reported by Hess et al., who attributed this to dehydration and increased haemoglobin concentration within shrinking erythrocytes during prolonged storage1. The progressive lymphocyte and neutrophil decline corroborates studies in sub-Saharan Africa, such as Mbanya et al., who found significant leukocyte deterioration in stored blood due to lack of optimal storage and leukoreduction facilities26.
CONCLUSION
Biochemical and haematological changes in CPDA-stored blood are progressive and multifactorial. These alterations can compromise the efficacy and safety of transfused blood, especially in vulnerable populations. Understanding these changes is essential for optimizing transfusion practices and developing better storage solutions or additive systems. These pilot study calls for wide and multidimensional study in other to fully understand the changes in stored blood and rule out other compounding factors.
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