Original Research Article

Serial assessment of storage induced changes in electrolytes, pH, glucose and cell
counts of CPDA-1 stored whole blood.

Anbuselvi Mattuvar Kuzhali S, Balasubramanian Kabali?, AnjanaRa, Manigandan s* Karan S, Rajkumar6

'Department of Physiology, “Retd. Director, Institute of Physiology and Experimental Medicine, Madras
Medical College, **Final year MBBS student, ®professor and HOD, Department of Blood bank, Stanley Medical
College, All affiliated to The Tamil Nadu Dr. MGR Medical University, Chennai, India

Abstract

Background: Most donor blood units for transfusion purposes are stored in Citrate Phosphate Dextrose
Adenine-1 (CPDA-1) at blood-banks until used. Despite improvements made in blood storage attempts, CPDA-
1 may still cause morphological and degenerative changes in red blood cells (RBCs) if storage is prolonged. The
alteration in pH and electrolyte levels will alter the hemodynamics and cause detrimental effects after
transfusion. Aim: To estimate the serial changes in the biochemical and haematological parameters of CPDA-1
stored whole blood for 7 days. Materials and Methods: After donor screening, 20 units of CPDA-1 stored
whole blood was tested for the biochemical parameters like pH, electrolytes, glucose and blood cell counts.
pH meter and fully automated analyzer was used. Data are evaluated and analyzed using SPSS 24.0. Results: A
significant decrease in plasma concentrations of sodium (consistent), glucose (>day5), pH (consistent) and
increase in potassium concentration (>day3) was observed (p<0.000). A significant positive correlation was
found between the mean pH levels with mean potassium and glucose concentrations (p<0.0001). A significant
concomitant decrease in both RBC and WBC was observed. Conclusion: Our study revealed that the more
acidic pH and rapid rise in K* in stored whole blood after 3 days. The biochemical changes were within
acceptable limits of safety and can provide more utility if used within 5days of storage.
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changes reducing its viability over time.? Blood banks
in any tertiary health care setup have to ensure a
readily available, safe blood supply for transfusion.

Introduction

Blood collected for transfusion is routinely stored for
33 to 41 days, depending on the preservation
solution, yet the Food and Drug Administration allow
red cells to be stored up to 42 days." This time limit is

In recent years, the efficacy of stored blood and
blood products is an escalating debate. However,
these had been well documented in several invitro

determined mainly by the shelf life of viable RBCs in
blood bags and by changes ATP and 2,3-DPG during
storage.”In 4°C to 6°C liquid storage, the blood cells
undergo progressive structural and functional

studies.>®In resource limited settings, where the
facilities necessary to maintain a proper storage
conditions are scarce, whole blood or blood products
that are collected and stored under such settings
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may not meet its therapeutic or clinical purpose and
might be of clinical detriment to the recipient.

Studies had well documented that concentration of
(purine nucleoside precursor) present in the CPDA-
1solution is upto the Food and Drug Administration
(FDA) minimum standard of 75% and it helps to
prevent the loss of red cell viability to some extent.”?
Whether it is whole blood or packed RBCs stored in
various preservative solutions, the post-transfusion
loss of red cell viability is mainly related to excessive
glucose utilization, anaerobic  glycolysis and
subsequent decrease in  erythrocyte’s ATP
(adenosine-5’-tnphosphate) levels.”* ' The
concomitant biochemical and hematologic changes
resulting from this energy depletion is referred to as
RBC storage lesions.

Over time, the membrane of RBCs become less
deformable and sensitive to osmotic changes.””The
loss of phospholipids and cholesterol from
membrane of the blood cells in stored blood is mainly
due to the process of vesicular budding from the
surface of cell membrane.*®" Lactic acid accumulates
intracellularly and potassium accumulates
extracellularly.”>*®* The utility of oxygen decreases
due to loss of 2,3-diphosphoglycerate (2,3-DPG).*
Except for the membrane deformability and the cell
structural changes, most of the storage lesions are
reversible after transfusion. However, it is important
to identify the time point of the reversible changes
since  their correction may improve the
efficacy/functional utility of stored blood in an
already metabolically compromised patients.*

Our work is intended to identify the time point at
which the changes in cell counts and biochemical
parameters of CPDA-1 stored whole blood is
drastically varied.

The objectives of this study were

1. To estimate the changes in glucose, pH,
sodium, potassium and blood cell counts
over a period of 7 days in CPDA-1 stored
whole blood.

2. To correlate the changes in pH with the
changes in glucose and potassium over a
period of 7 days in CPDA-1 stored whole
blood.

Materials and Methods

(i) Place of study and subjects: The study protocol
was cleared by the Ethics committee of the Institute.
The study was conducted in the Department of Blood
bank, Stanley Medical College in collaboration with
the Department of Physiology, Stanley Medical
College. After taking consent from donors, they were
screened as per regulations of Drugs and Cosmetics
Rules, Govt. of India.®* The donors were 20 healthy
male volunteers of mean age of 28.2 +8.4 with their
corresponding blood groups noted to be 60+, 10-,
4A+, 2B-, 5B+ and 2AB+. Prior to collection, all the
donors were tested negative for blood transmissible
pathogens: HCV, HbsAg, Syphilisand HIV 1 & 2.

(ii) Blood collection and storage: Procedure followed
for blood collection and storage is described.

Blood bags: Blood bags (for adults) with capacity of
450 ml + 10% (Agarry) that contains CPDA-1
anticoagulant was used. Citrate phosphate dextrose
adenine solution (developed in 1968) has been
proved to help storing whole-blood for 5 weeks.?
Most of the blood collection bags (adult) contain 63
ml CPDA anticoagulant to ensure the viability of
blood cells stored for 28-35 days at 2-8°C.**

Collection procedure Phlebotomy: Blood was
collected from each donor by phlebotomy as per
standard  procedure with adequate safety
precautions to avoid infections and contamination.?**
Protective gloves were worn during collection. Under
sterile dry conditions, about 350ml of fresh whole
blood was drawn into plastic blood bags (J. Mitra
Industries Pvt. Ltd. Haryana, India) with Citrate
Phosphate Dextrose Adenine (CPDA-1)
anticoagulant.6b Safety measures were followed to
discard lancets, needles and syringes to avoid injury.
The collected blood bags were carefully placed on
the quarantine shelf in the blood bank refrigerator
that maintains temperature at 2-6°C.

Quality control parameters: The initial quality check
of fresh whole blood was performed (visual
examination of bag, volume and haematocrit) as per
Directorate General Health Services criteria (DGHS)
as described in Table.l.6¢c

(iii) Biochemical parameters: Twenty units of whole
blood collected with anticoagulant CPDA1 (citrate
phosphate dextrose adenine) were tested serially for
the supernatant plasma sodium, potassium, pH,
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glucose and blood cell count for 7 days. The
supernatant plasma sodium, plasma potassium,
plasma glucose level and cell counts were estimated
by fully automated analyzer(Cosmos Biomedical Ltd,
Japan) and the analyzer enumerates 20 parameters
with 3-part differentiation of WBC. pH was measured
by using digital pH meter (spectrophotometer, Indian
Laboratory and Scientific Instrument Ltd., Delhi). The
procedures were followed as per the laboratory
standard operating manual. All the above mentioned
biochemical parameters were estimated daily from
day 1 till day 7 of storage.

Statistical analysis: The correlations between levels
of the grouping variable is tested using Repeated
measure ANOVA and was measured over serial time
points within subjects. The extra assumption of
within-subjects effects was tested by Mauchly’s test
of Sphericity and corrected with Greenhouse-Geisser
or Huyhn-Feldt. To assess the correlation between
biochemical parameters during storage, Pearson’s
correlations coefficient (r) was applied. p<0.05 was
considered statistically significant. All analyses were
performed with the software package SPSS Version
24.0 for windows (USA).

Results

Twenty units of CPDA-1 stored fresh whole blood was
collected and serially tested at 24hour time intervals
for 7days to identify the exact time point at which
the changes in pH, glucose, electrolytes and
RBC/WBC count becomes compromised due to
storage. The quality control parameters (blood
volume and haematocrit) of all the twenty units of
collected CPDA-1 whole blood included in the study
was confirmed to the standards established by
Directorate General Health Services as mentioned in
Table 1.

(i) Effect of storage on biochemical parameters:
While analyzing the changes that occurred in the
biochemical parameters of CPDA-1 stored whole
blood from Day 1 to Day 7, we found a significant
decrease in the mean sodium concentration, mean
glucose concentration and the mean pH values (Table
2) whereas a consistent and significant rise was
observed in the mean potassium (K+) concentration
(p<0.00). There was a steady decrease in sodium
concentration. But, the rise in K+ concentration was
within normal limits till day3, after which significantly
high levels was observed till day7. This implies that

fresh whole blood stored for <3 days must for
transfusion to critically ill patients or patients with
chronic renal failure to prevent detrimental effect in
the recipients.

The decrease in glucose concentration doubled on
day6 and afterwards as shown in Table.2. However,
the mean pH of the CPDA-1 stored whole blood
showed a significant acidic value (p<0.000). A
significant positive correlation was found between
the mean pH and mean plasma glucose levels (r’=
0.968; p=0.002) and between the mean pH and mean
potassium levels (r’= 0.844; p=0.0001). The variances
of the difference between successive variable levels
was found to be equal by Mauchly’s test and
Greenhouse-Geisser or Huyhn-Feldt corrections were
adjusted as mentioned in Table 3

(ii) Effect of storage on blood cell counts: At the end
of day 7, the mean values of the RBCs and WBCs
showed a highly significant decrease as depicted in
Figure 1 & Figure 2. While observing the daily
proportion of decrease in cell counts between
RBC:WBC, it was found to be 1.6%: 1.1% on day2,
1.8%: 1.4% on day3, 2.5%: 2.1% on day4, 3.7%: 2.7%
on day5, 4.1%: 3.5% on day6 and 5.4% : 4.4 % on
day7. Here we could see that the reduction%
(calculated by [(d1-d2/d2)*100] for day2, same
formula used till day7] doubled on day 5 and the cell
count after 5% day indicates that their destruction is
faster. Focussing the amount of decrease in WBCs,
the amount of destruction of RBCs for the same day
seems to be more. The probable reason could be the
granulolysis of WBCs release few bioreactive
substances like cytokine, histamine etc., which cause
lysis of RBCs and other cells.

Discussion

Serial assessment of the changes in the levels of
sodium, potassium, glucose, pH, RBC count and WBC
count was done in twenty units of CPDA-1 stored
whole blood collected from the blood bank. The
collected whole blood was stored in blood bags with
CPDA-1 anticoagulant. This anticoagulant contains
citrate that prevents coagulation (by chelating or
binding to ionized calcium), dextrose the
predominant energy substrate for the blood cells,
phosphate lowers acidity to maintain the pH of blood
(acts as buffer, have a higher concentration of 2,3
DPG and red cell phosphate) and adenine that
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maintains a high ATP level in RBCs (post-transfusion
viability of RBCs maintained by adenine).”**

(i) Effect of storage on glucose: Our study reported a
significant decrease in glucose levels from dayl to
day7. In ex-vivo conditions of CPDA-1 stored whole
blood, the actual glucose concentration available in
stored blood bags is less. Glucose is the main source
of energy for red cell metabolism via glycolytic
pathway.” However, in blood bags the energy is
utilized from dextrose a component of CPDA-1.°
When the storage duration increases, there happens
a shift in RBC metabolism to anaerobic that induce
changes in ATP generation. Over a period of time,
there is a concomitant ATP (adenosine triphosphate)
depletion and decrease in red cell viability.”** Studies
guote that when RBCs were suspended in SAGM
(additive solution composed of saline, adenine,
glucose and mannitol), the shelf life of RBCs
prolonged mainly because of the fact that an
adequate concentration of glucose was maintained
by the 900 mg dextrose added per 100 ml of SAGM
solution.”®

(ii) Effect of storage on pH: During storage, increased
concentration of lactic acid due to anaerobic
glycolysis in red cells may have caused a decrease in
pH as observed in this study. pH, a major
determinant of RBC metabolism during storage. The
threshold level or the lower limit of pH below which
the ATP generation by red cells decreases
subsequently was 6.2 as estimated by ploting the pH
curve of many samples of stored blood in previous
studies.”” Though ATP measurement was not done in
the present study, at day 1 pH was within normal
range which decreased to 6.76 at the end of 7" day
which was above the lower limit of pH (threshold of
6.2). This satisfies the fact that ATP generation would
most likely be persisting in all the CPDA-1 stored
whole blood preparations till day7. The possible
explanation for the rapid reduction in ATP of CPDA-1
stored whole blood may be due to the lesser
fractions of adenine and other nutrients present in
CPDA-1 for ATP generation.®™

(iii) Effect of storage on potassium and sodium: Our
study has reported an increased K+ concentration
within 3 days and continued subsequently showing a
significant rise in K+ concentration (11.7+1.76) on day
7 of storage which was similar to other studies.?®*
The only factor which affects the post transfusion
very intensely is the serum potassium levels where
the change in potassium levels were independent of

the recipient’s conditions of metabolic acidosis or
renal failure or blood volume. This might be due to
slow leakage of K+ from cells influenced by the
temperature, alterations in cellular characteristics,
pH and changes in the storage medium.

The leakiness of the cell membrane to K* in CPDA-1
stored blood might be due to:

1. inhibition or reduced function of sodium-
potassium ATPase pump at less than 5°C with
resultant increase in extracellular release of
K+( hyperkalemia) and entry of Na+ ions into
RBCs (hyponatremia) as observed in the
present study.>**' Adias et al. also observed
hyperkalemia in their study without any
significant change in Na+."To stabilize the
pump with more ATP and the pump
enhancers has no effect.*

2. As a counter-exchanger process, acidosis
results in hyperkalemia and alkalosis results
in hypokalemia.>’For every 0.1 unit of pH
change, the concomitant change in the
serum potassium level was 0.4 mmol/L. This
can be prevented by using potassium
adsorption filters prior to transfusion or by
transfusing blood within 0-3 days of
storage.*

3. It was also stated that gamma irradiation of
RBCs in blood bags for sterilization purpose
can also damage the membrane integrity.*

4. The acidic pH, depletion of ATP, reduced
glycolytic activity and increase in cellular
density may be the potential reasons for the
alterations in membrane permeability.

In a study by Strauss, the supernatant plasma level of
potassium increased to 50 meg/litre at the 42" day
of stored red blood cells.**The bioavailability of K+
(ionic K+ in the volume of extracellular fluid) is very
low for small volume(neonatal) transfusions.®?¢
However, the permitted or assumed the K+
concentration of CPDA-1 RBC with 70% haematocrit
at 35" day of storage has been estimated to be 70-80
megq/litre which is higher than in stored CPDA-1
whole blood.*®* This brings the choice of CPDA-1
stored whole blood as a better clinical utility for
neonatal transfusions. Due to a higher K content of
stored blood, blood <5 days old is recommended by
Ono et al. for neonatal exchange and top-up
transfusion.>>>*

The measured pre and post transfusion potassium
levels mostly affect patients in critical care unit,
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those who require more transfusions as in cardio
pulmonary bypass and neonates who require
exchange transfusions.”®*’These complications from
hyperkalemia may be prevented by (i)washing stored
blood RBCs before transfusion, (ii) using freshly
stored blood of <24hrs for massive transfusions; (iii)
pretreatment of stored blood with insulin to
redistribute the extracellular potassium and (iv) use
of leucodepleted stored blood for any transfusion.
Post transfusion potassium value above 5.5meq/I
may be associated with following symptoms such as
malaise, palpitations, muscle weakness and mild
hyperventilation.

Latham et al. and Bailey et al. also observed a decline
in concentration of plasma glucose, pH and increase
in potassium concentration with storage of whole
blood.**There exists a positive correlation between
haemoglobin and potassium levels as well as
between glucose and pH.*’

(iv) Effect of storage on red cell and white cell count:
A steady significant decrease in RBC and WBC counts
was observed when their mean values were
compared from day 1 to day 7. In conditions of
storage, the granulolysis of WBCs release few
bioreactive substances (histamine, hydrolases,
cytokines and proteins) that might alter or induce
physical/metabolic changes in other blood cells such
as early senescence, membrane reticulation,
vesiculation, alteration of cytoskeleton, loss of 2,3-
DPG, enzymatic desilylation, attachment of
phosphatidyl serine to cell surface, decrease in cell
size and increased cellular density.*******°In response
to these changes, hemolysis (major causative factor
for hyperkalemia) and lysis of other blood cells occurs
as observed in our study.38However, it can be
acceptable for clinical utility provided when other
hematological parameters appear to be stable during
a specific time period.

LDH levels best reflects the degree of hemolysis.*° In
our study the levels of LDH were not tested. The
degree of haemolysis was observed to be <0.8% in
leukoreduced SAGM RBC due to the presence of
mannitol (membrane stabilizer).*®*' This emphasize
the need for membrane stabilizers in the additive
solutions of stored whole blood or red cells. Castro et
al.  has also identified total hemoglobin
concentration, bilirubin level, lactate dehydrogenase,
and the arginine:ornithine ratio to be markers of
hemolysis.*

Limitations of the study: The levels of adenine
concentrations, ATP, 2,3,-DPG, lactate and other
hematological indices would have been a supportive
evidence for this study. Another limitation is the
sample size. These results will be extrapolated in
future studies with larger samples and assessment of
parameters till 42days

Conclusion

Inspite of storing blood with CPDA, the storage
duration has a negative impact on the biochemical
composition of the stored whole blood. The present
study substantiates a fall in pH, glucose, sodium, red
cell and white cell count except potassium in CPDA-1
stored whole blood. A drastic increase in potassium
levels after day3 and faster reduction% of red cell
and white cell counts after day5 evidenced in this
study suggests to use CPDA-1 stored whole blood less
than 3-4days for critically ill patients whereas CPDA-1
stored whole blood less than 7days can be used for
normal transfusions.

While transfusion of blood with such characteristics
should not pose any major problems, we believe that
clinicians, transfusion services, and staff in blood
banks should be aware of the nature of the storage
lesions to aid in the selection of appropriate blood
for transfusion. An in-vivo pilot study needs to be
carried out in all tertiary health care setup to confirm
the post-transfusion utility as well as safety.
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Table I: Results of quality control parameters in whole blood with CPDA-1

DGHS criteria* Present study
Source
Volume (ml) Haematocrit (%) Volume (ml) Haematocrit (%)
Whole blood 350+ 10 405 3479+11.1 44.85 + 8.7

*Directorate General Health Services, Transfusion Medicine Technical Manual 2003%

Table 2: Tests of within-subjects effects for the parameters: pH, sodium, potassium and glucose
concentrations in CPDA-1 stored whole blood.

Descriptive Statistics Parameter estimates
95% Confidence
Dependent Time Std. Std. . Interval
variable points Mean Deviation | Error T Sig.

Lower Upper
Bound Bound

Sodium (meq/L) Day 1 | 147.70 | 1.625 .363 406.369 | .000 146.939 | 148.461
Day2 | 144.10 | 2.100 470 306.855 | .000 143.117 | 145.083
Day3 | 140.75 | 2.173 486 289.616 | .000 139.733 | 141.767
Day4 | 140.55 | 1.932 432 325.272 | .000 139.646 | 141.454
Day5 | 140.40 | 2.088 467 300.776 | .000 139.423 | 141.377
Day 6 | 139.00 | 2.340 523 265.699 | .000 137.905 | 140.095
Day7 | 137.50 | 2.236 .500 275.000 | .000 136.453 | 138.547

Potassium (meg/L) | Day 1 | 3.23 558 125 25.874 .000 | 2.969 3.491
Day2 | 4.15 298 .067 62.230 .000 | 4.010 4.290
Day3 | 5.11 .619 138 36.909 .000 | 4.816 5.394
Day4 | 7.15 .796 178 40.158 .000 | 6.773 7.517
Day5 | 7.82 .805 180 43.428 .000 | 7.438 8.192
Day 6 | 9.80 .680 152 64.472 .000 | 9.482 10.118
Day7 | 11.70 1.766 395 29.633 .000 10.874 12.526

Glucose (mg/dL) Day 1 | 464.40 | 40.840 9.132 50.853 .000 | 445286 | 483.514
Day2 | 418.10 | 42.232 9.443 44.274 .000 | 398.335 | 437.865
Day3 | 374.45 | 44.916 10.043 | 37.283 .000 | 353.429 | 395471
Day4 | 345.85 | 32.285 7.219 47.907 .000 | 330.740 | 360.960
Day5 | 306.15 | 31.064 6.946 44.075 .000 | 291.612 | 320.688
Day 6 | 265.00 | 39.741 8.886 29.821 .000 | 246.401 | 283.599
Day 7 | 233.10 | 49.792 11.134 | 20.936 .000 | 209.797 | 256.403

pH Day1 | 7.1643 | 1.41285 0.308 23.237 0.000 | 6.521 7.807
Day2 | 7.1262 | 1.17501 0.256 27.792 0.000 | 6.591 7.661
Day3 | 7.1038 | 0.94137 0.205 34.581 0.000 | 6.675 7.532
Day4 | 7.0757 | 0.70730 0.154 45.843 0.000 | 6.754 7.398
Day5 | 6.9705 | 0.46141 0.101 69.229 0.000 | 6.760 7.181
Day 6 | 6.8710 | 0.23879 0.052 131.861 | 0.000 | 6.762 6.980
Day7 | 6.767 0.1742 0.038 178.043 | 0.000 | 6.687 6.846
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Table 3: Mauchly's Test of Sphericity® and its correction.

Epsilon®
Within Subjects Mauchly's Approx. .

Effect W Chi-Square df Sig. Greenhouse- Huynh- Lower-
Geisser Feldt bound

Sodium(meq/L) 0.010 77.942 20 0.000 0.359 0.406 0.167

Potassium(meg/L) | 0.000 134.675 20 0.000 0.326 0.363 0.167

Glucose(mg/dL) 0.000 195.116 20 0.000 0.209 0.217 0.167

pH 0.000 819.793 20 0.000 0.167 0.167 0.167

a. May be used to adjust the degrees of freedom for the averaged tests of significance.
b. To test the extra assumptions of repeated measures ANOVA.

Figure 1: Serial time points of Red blood cell count in CPDA-1 stored whole blood
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Figure 2: Serial time points of White blood cell count in CPDA-1 stored whole blood
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