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Abstract

The demand for platelet transfusions using apheresis-derived platelet concentrates is increasing due to the
minimal side effects experienced by donors.”? However, platelet apheresis results in a decrease in specific
circulating cells, and other cellular components may also be affected.? Anticoagulants are required during
apheresis to prevent activation of cellular and plasma components and maintain blood fluidity. Citrate
anticoagulants act as chelators of ionized calcium and magnesium.*° Although platelet apheresis provides
benefits to recipients, it may cause donor-related changes that require monitoring.

A prospective cross-sectional analytical study was conducted among 40 platelet apheresis donors at Dr. M.
Djamil General Hospital Padang. Hematological and biochemical parameters were measured before and
after the procedure.

T Significant differences were observed in hemoglobin, erythrocytes, hematocrit, mean corpuscular
hemoglobin, red cell distribution width, leukocyte count, platelet count, platelet distribution width, mean
platelet volume, plateletcrit, and platelet large cell ratio (P < 0.05). No significant differences were found in
mean corpuscular volume or mean corpuscular hemoglobin concentration (P > 0.05). Calcium and
magnesium levels significantly decreased (P < 0.05), whereas ferritin showed no significant change (P >
0.05). Regular monitoring, particularly among frequent donors, is necessary to ensure donor safety and
comfort.

INTRODUCTION

Platelet apheresis is a procedure in which platelets are separated from a donor's blood using an
anticoagulant, while the remaining components are returned to the donor’s circulation. This procedure
yields a therapeutic adult dose (equivalent to 6-8 units of random donor platelets), also known as single-
donor platelets. 72 The advantages of platelet apheresis include leukocyte reduction, decreased exposure
to multiple donor antigens which reduces the risk of alloimmunization and a lower chance of microbial
contamination. However, the drawbacks include higher costs, longer donation times, and the need for

trained technical staff and specialized equipment. %10 In addition, platelet apheresis may cause
discomfort to the donor.

The principle of apheresis lies in the separation of blood components, which can be achieved through

various techniques, such as centrifugation and filtration. 81" The apheresis procedure itself may cause
hemodynamic changes and hemodilution in both donors and patients, and the resulting physiological

effects may lead to side effects. ©

The anticoagulant of choice for apheresis is citrate, which binds calcium ions and effectively blocks
calcium-dependent coagulation factor reactions. Citrate mixes with the blood immediately after it is
withdrawn from the donor’s (or patient’s) vein and effectively prevents coagulation before the blood enters

the apheresis machine. %12 lonized calcium concentrations drop to 0.2-0.3 mmol/L, which inhibits
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coagulation. © Citrate anticoagulants also act as chelators of magnesium, leading to hypomagnesemia. A
4,5

decrease in magnesium levels occurs in approximately 30—-40% of platelet apheresis donors.
Platelet apheresis procedures result in a reduction of specific circulating cells, although other cellular
components may also be affected. A platelet donor typically experiences an acute decrease in platelet
count of about 20% to 29% after an apheresis donation. ® Each platelet apheresis procedure results in the
loss of approximately 80—100 mL of blood due to residual blood left in the tubing. 2 In some cases,
hemolysis of erythrocytes may also occur as a result of the apheresis procedure. 3

A good understanding of the physiology involved in apheresis is essential to minimize adverse reactions in
donors and patients. Identifying the causes of these reactions can aid in prevention and help maintain
donor retention for sustainable platelet apheresis programs. Preventive efforts, such as administering
calcium supplements before or during the procedure, may help reduce adverse reactions such as citrate

toxicity. °

METHODS

This study was an analytical study with a prospective cross-sectional approach conducted at Dr. M. Djamil
General Hospital Padang from February to July 2024. The study subjects were all platelet apheresis donors.
Informed consent was obtained from all participants. Donors who met the platelet apheresis criteria and
completed the procedure were included in the study. Hematological and biochemical parameters were
measured before and 30 minutes after the platelet apheresis procedure. Ethical approval was granted by
the Health Research Ethics Committee of Dr. M. Djamil General Hospital with reference number
DP.04.03/D.XVI.XI/274/2024.

Hematological parameters were analyzed using the Sysmex XN 1500 automated hematology analyzer,
while serum calcium and magnesium levels were measured using the Cobas Integra 400 analyzer. Ferritin
levels were assessed using the Vidas analyzer. Data were processed using IBM SPSS Statistics software.
Data normality was evaluated using the Shapiro-Wilk test. Since the hematological parameters, platelet
count, and calcium levels were not normally distributed, the Wilcoxon Signed Rank Test was used. A p-
value > 0.05 was considered to indicate no significant difference before and after the platelet apheresis
procedure.

RESULTS AND DISCUSSIONS

A total of 40 platelet apheresis donors participated in this study. The differences in hematological
parameters before and after the platelet apheresis procedure are presented in Table 1.

The analysis revealed significant differences in hemoglobin (Hb), erythrocyte count, hematocrit (HCT),
mean corpuscular hemoglobin (MCH), red cell distribution width (RDW), leukocyte count, platelet count,
platelet distribution width (PDW), mean platelet volume (MPV), plateletcrit (PCT), and platelet large cell ratio
(PLC-R) (P value < 0.05) before and after the platelet apheresis procedure. However, there were no
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significant differences in mean corpuscular volume (MCV) and mean corpuscular hemoglobin
concentration (MCHC) (P value > 0.05) before and after the procedure.

The Differences In Hematological Parameter;r??:belfe;e and After The Platelet Apheresis Procedure

Variable Before Platelet Apheresis  After Platelet Apheresis P value

median median (min-max)

(min-max)
Hb (g/dL) 15.40 (12.6-16.4) 14.40 (11.9-16.0) <0.001*
Erythrocytes (jt/ul) 5.42 (4.8-6.8) 5.23 (4.29-6.72) <0.001*
HCT (%) 45.10 (38.3-48.1) 43.50 (35.0-53.7) <0.001*
MCV (fL) 82.10 (60.5-88.0) 83.05 (60.4-101.0) 0.900
MCH (pg) 28.15 (19.0-29.5) 27.70 (19.1-29.4) 0.001*
MCHC (g/dL) 33.90 (30.9-44.4) 33.85(31.6—-37.70) 0.249
RDW (%) 12.80(12.1-18.5) 14.10 (12.3-19.1) <0.001*
Leukocyte count (/mm?3) 835 (5.4-10.0) 8.11(1.9-9.9) <0.001*
Platelet count (/mm3) 257.00 (228.0-365.0) 177.0 (116.0-324.0) <0.001*
PDW (%) 9.10 (6.4-15.1) 10.1 (4.9-14.4) <0.001*
MPV (fT) 9.00 (7.6-11.0) 9.0 (7.3-11.5) 0.005*
PCT (%) 0.23 (0.20-0.33) 0.17 (0.1-0.3) <0.001*
PLC-R (%) 17.30(10.8-29.1) 18.60 (12.8-29.2) <0.001*

*Note: *P value < 0.05; analysis was performed using the Wilcoxon Signed Rank Test.

This study showed a decrease in median Hb levels following the platelet apheresis procedure. The median
Hb level decreased from 15.40 (12.6-16.4) g/dL to 14.90 (12.0-16.0) g/dL (p < 0.001), with a reduction of
approximately 0.5 g/dL during the procedure. A study by Lokhande et al. (2021) reported similar findings,
showing a decrease in Hb from 15.44 + 1.01 to 15.32 + 1.03 during platelet apheresis (p < 0.05).

In this study, there was also a decrease in platelet count following the procedure, from a median of 275,000
(228,000-365,000)/mm? to 177,000 (116,000—-324,000)/mm?3, with an average decrease of approximately
80,000/mma3. Syal et al. (2022) reported a decrease in platelet count with an average reduction of 27.4%.
The purpose of platelet apheresis is to remove platelets from the donor’s body; therefore, platelet levels
naturally decrease following the procedure. A platelet donor typically experiences an acute decrease in
platelet count of 20% to 29% after apheresis donation. However, this decrease is not correlated with the
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procedural outcomes of platelet apheresis.® The differences in biochemical parameters before and after the
platelet apheresis procedure are presented in Table 2.

The Differences In Biochemical Parameters -Il;ael;:)erz And After The Platelet Apheresis Procedure
Variable Before Platelet Apheresis  After Platelet Apheresis P value
median median (min-max)
(min-max)
Calsium levels (mg/dL) 9.20 (7.9-10.2) 9.15(7.4-10.0) 0.018*
Magnesium levels (ng/dL)  2.30 (1.90-2.50) 2.06 (1.8-2.44) <0.001*
Feritin (g/dL) 43.16 (29.50-100.10) 43.1 (28.9-101.0) 0.336
Note: P value < 0.05; analysis was performed using the Wilcoxon Signed Rank Test.

There were significant differences in calcium and magnesium levels (P value < 0.05) before and after the
platelet apheresis procedure. However, there was no significant difference in ferritin levels (P value > 0.05)
before and after the procedure.

In this study, total calcium levels decreased during the platelet apheresis procedure, from a median of 9.20
(7.90-10.60) mg/dL to 9.15 (7.40-9.90) mg/dL. The decrease in calcium after the procedure was 0.05
mg/dL. Magnesium levels also declined from a median of 2.30 mg/dL (1.9-2.5 mg/dL) to 2.06 mg/dL (1.8-
2.4 mg/dL).

The findings of Syal et al. (2022) showed a 1.5% decrease in total calcium, from a mean of 9.91 +0.39
mg/dL to 9.75 £ 0.38 mg/dL. Citrate anticoagulant acts as a chelator of ionized calcium, thereby interfering
with the coagulation cascade. lonized calcium concentrations can drop to 0.2—-0.3 mmol/L, which inhibits
coagulation. A compensatory mechanism involving citrate metabolism by the liver, kidneys, and muscles
releases chelated calcium, enhancing calcium release from albumin, mobilization from bone, and
reabsorption from the kidneys to protect against severe hypocalcemia. Hypocalcemia stimulates the
release of parathyroid hormone to regulate serum calcium levels, which can affect bone mineral density in
platelet apheresis donors due to the shift of calcium from bone tissue.45,'s

Citrate anticoagulants are also magnesium chelators and can cause hypomagnesemia. A decrease in
magnesium levels occurs in approximately 30-40% of platelet apheresis donors. The clinical symptoms of
hypomagnesemia are indistinguishable from those of hypocalcemia; however, unlike hypocalcemia,
magnesium deficiency does not improve with calcium supplementation.*-5

CONCLUSIONS AND SUGGESTIONS

Regular monitoring is necessary for platelet apheresis donors, especially frequent donors, to ensure their
safety and comfort.
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LIMITATIONS

This study has several limitations. The relatively small sample size and single-center design may limit the
generalizability of the findings. In addition, laboratory parameters were assessed only 30 minutes after
platelet apheresis, preventing evaluation of the duration and recovery of these changes. Total serum
calcium was measured instead of ionized calcium, and citrate levels and parathyroid hormone were not
assessed. Furthermore, the study did not evaluate the cumulative effects of repeated platelet apheresis
donations. Future multicenter studies with larger samples and longer follow-up are needed to assess the
recovery and potential long-term effects of platelet apheresis on donor health.
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