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SUMMARY

Background: The study aimed to investigate the difference in clinical efficacy between apheresis platelets and
buffy coat-derived platelet concentrates infusion in patients with hematological diseases.

Methods: A total of 218 patients with hematological diseases were enrolled in Xi‘an Central Hospital, from Janu-
ary 2023 to October 2023, and randomly divided into two groups: 109 patients were treated with apheresis plate-
let transfusion (AP group) and 109 patients with buffy coat derived platelet concentrates (BC-PC group). Platelet
counts were measured before and 24 hours after transfusion, and the corrected platelet ascending number (CCI)
and platelet recovery rate (PPR) were calculated. The clinical efficacy and blood transfusion reaction were ob-
served.

Results: After 24 hours of platelet transfusion, there was no significant difference in the platelet count between the
AP and BC-PC groups (p > 0.05). However, CCI and PPR significantly differed between the two groups (p < 0.05).
Moreover, the incidence of transfusion reaction in the AP group was significantly lower than in the BC-PC group.
Conclusions: The clinical efficacy of buffy coat-derived platelet concentrates is lower than that of apheresis plate-
lets, but it can also improve the patient's condition and quality of life. Therefore, clinicians could rationally use
BC-PC, according to the actual situation of the patients.
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Platelet transfusion is a commonly used, supportive
therapy in treating hematological diseases [1]. It is
widely used to prevent and treat bleeding diseases caus-
ed by thrombocytopenia and dysfunction, and it can ef-
fectively reduce the mortality of bleeding caused by
thrombocytopenia [2]. With the increasing clinical de-
mand for platelet blood products, the supply of platelets
is tight [3]. The main reasons for this are the short shelf
life of platelets (5 days) and the limited resources. The
preparation of platelet blood products mainly includes
Manuscript accepted March 7, 2024 machine apheresis, provided by a single donor with
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high platelet concentration, and manual separation, ob-
tained by manual separation from multiple whole blood
samples [4].

At present, apheresis platelets are commonly used in
clinical practice. Due to the advantages of single do-
nors; reduction of allergic reactions, high purity, and
significant efficacy, a consensus has been reached [5,6].
However, there is a significant demand for apheresis
platelets in the clinical treatment process, and apheresis
platelets cannot meet the clinical demand, especially for
patients with hematological diseases who often need re-
peated platelet transfusions to relieve clinical symp-
toms. Nonetheless, the hemostatic and clinical treatment
effects of buffy coat-derived platelet concentrates are
similar to those of apheresis platelets. When apheresis
platelets cannot meet the clinical needs, buffy coat-de-
rived platelet concentrates are an alternative treatment
[7-9]. A single effective dose of buffy coat-derived
platelet concentrates needs to be extracted from the
whole blood of multiple blood donors, which, to some
extent, increases the risk of allergic reactions. In recent
years, with the continuous development of blood collec-
tion technology, the preparation process of buffy coat-
derived platelet concentrates has been dramatically im-
proved, improving the short-term transfusion effect [10-
12]. In order to meet the needs of clinical treatment, the
efficacy of platelet transfusion has also become a con-
cern of clinicians [13]. Given this, we compared the ef-
ficacy of apheresis platelets with buffy coat-derived
platelet concentrates in patients with hematological dis-
orders, and the results will provide a basis for clinical
doctors to choose platelet products in stressful situa-
tions.

MATERIALS AND METHODS

Study population

This study was approved by the ethics committee of the
Xi'an Central Hospital, and all of the patients provided
informed written consent forms. A total of 218 patients,
diagnosed with hematological disorders and low plate-
lets and admitted to the Xi'an Central Hospital, were se-
lected from January 2023 to October 2023. All patients
required timely platelet transfusions to prevent bleeding
and to relieve clinical symptoms. They were randomly
divided into two groups: 109 patients were treated with
apheresis platelet transfusion (AP group) and 109 pa-
tients with Buffy coat-derived platelet concentrates
(BC-PC group).

Inclusion and exclusion criteria

Inclusion criteria: 1) patients with hematological disor-
ders accompanied by thrombocytopenia; 2) patients
with peripheral blood platelet count < 5 x 10%L, re-
quired immediate platelet transfusion to prevent bleed-
ing; 3) patients with fever or coagulopathy; and 4) hepa-
tosplenomegaly with abnormal function.

Exclusion criteria: 1) patients that have received medi-

cation for blood diseases; 2) patients with a history of
bone marrow transplantation; and 3) other system dis-
eases.

Apheresis platelets (AP)

The single-donor cell separator MCS+ 9000 (Haemon-
ics, Boston, USA), Trima Accel (Terumo BCT, Denver,
USA), and Amicus 4R4580 (Fresenius Kabi, Bad Ham-
burg, Germany) were used for platelet apheresis under
standard procedures [14]. The MCS+ software version
(UPP_A.2) was used for MSC+ instrument collections,
with the setting parameters: AC ratio: 9:1; maximum in-
let rate: 90 mL/minute; and maximum return rate: 110
mL/minute. Moreover, software version 7.0 was used
for Trima Accel instrument collections, with the setting
parameters as follows: AC management: 2; AC ratio:
1:11; minimum donor post-HCT: 32%; minimum donor
post-platelet count: 100,000; maximum draw flow:
moderate; draw management: 2; return management: 1;
predicted yield: 5.0 - 9.6 x 10%%/uL; final concentration:
1,400 x 10° /uL; and collection volume: 290 - 310 mL.
The amicus software version 3.21 (Fresenius-Kabi
Company, Lake Zurich, USA) was used for Amicus in-
strument collections, with the setting parameters as fol-
lows: AC infusion rate: 1.5 mg/kg/minute; AC ratio:
9:1; maximum return rate: 137 mL/minute; maximum
inlet rate: 110 mL/minute; and maximum cycle volume:
250 mL. AP were stored at 22 + 2°C, with continuous
agitation.

Buffy coat-derived platelet concentrates (BC-PC)

BC-PC was obtained by complying with the previous
standard procedure [15]. Briefly, whole blood (WB)
(400 + 40 mL) was collected into 400 mL quadruple
bags, containing CPDA-1 anticoagulant and red blood
cell preservative (Nigale Biomedical Co., Ltd., Sichuan,
China). WB was stored at 22 + 2°C. Blood units were
processed within 6 - 8 hours after collection. WB was
centrifuged in Cryofuge (Heraeus Cryofuge 16, Ther-
moFisher Scientific, Germany), with “hard spin” centri-
fugation for 16 minutes at 2,600 rpm (2,390 g) at 22°C.
After 2 minutes, the centrifuged blood was separated in-
to multiple layers in the Blood Cell Separator (Compo-
Mat G5 Plus, Fresenius Kabi AG, Deerfield, USA). The
top, middle, and bottom layers were the platelet-poor
plasma (PPP), BC, and packed red cells, respectively.
The PPP supernatant and BC were transferred into other
satellite bags. The BC was gently mixed with 74.48 -
74.64 mL plasma and subjected to “light spin” centrifu-
gation at 918 rpm (298 g) for 8 minutes at 22°C, along
with one empty satellite bag. After centrifugation, su-
pernatant PRP was expressed into a satellite platelet
storage bag, applying protocol VII Blood Cell Separa-
tor. After the appropriate volume (50 - 76 mL) was col-
lected, air bubbles were removed, and the tubing was
sealed. In order to meet the quality control standards,
platelet content in platelet concentrates > 2.0 x 10%° and
red blood cell infiltration < 1.0 x 10%°, we mixed the
BC-PC from 3 to 5 blood donors to achieve a therapeu-
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tic dose. The platelet-concentrate bag was left at room
temperature for approximately two hours before being
stored at 22 + 2°C, with reciprocal agitation.

Clinical treatment

Clinicians provide symptomatic and supportive treat-
ment for patients with complications to ensure that pa-
tients' physical indexes and vital signs are stable. The
patients in the AP group were given ABO and RH(D)
isotype apheresis platelet transfusion (2.5 x 10 per
treatment dose), based on the above-mentioned treat-
ment. Patients in the BC-PC group (2.0 x 10 per bag)
were given buffy coat-derived platelet concentrates
transfusion of ABO and RH (D) isotype, based on the
above-mentioned treatment.

Evaluation of platelet transfusion effect

The CCI value is significant in evaluating the efficacy
of platelet transfusion. We carried out the CCI calcula-
tions by using individually measured platelet values in
the concentrates. In the experiment, the blood flow cy-
tometer 2E-2100/HST-N/SP1000 (Japan, SYSMEX
Medical Electronics Association) was used to detect the
count of platelets before and after transfusion. The same
technician collected the patient's specimens simulta-
neously and in the same environment. Corrected count
increment (CCI) > 4,500 or percentage platelet recovery
(PPR) > 20% at 24 hours after infusion were defined as
20 units increase in platelet count at 24 hours after infu-
sion. It was judged that the infusion was effective;
otherwise, it was invalid. The corrected formula for ris-
ing platelet count: CCI = (platelet count after transfu-
sion - platelet count before transfusion) x 10! x body
surface area (m?)/number of infused platelets (x 10'Y),
Formula for recovery rate: PRP = (platelet count after
transfusion - platelet count before transfusion) x blood
volume/number of platelets infused (x 10'!) x 100%,
and the patient's blood volume was calculated as 75
mL/kg.

Blood transfusion reaction

The typical transfusion reactions such as fever, chills,
rash, pruritus, headache, nausea, and vomiting were re-
corded during or within 6 hours after transfusion.

Data analysis

All data were analyzed by using the SPSS 19.0 statisti-
cal software. Measurement data were expressed as x +
s, and Student’s t-test was used. p < 0.05 was consid-
ered statistically significant.

RESULTS

Comparison of platelet counts after transfusion

After 24 hours of apheresis and buffy coat-derived
platelet concentrates transfusion, the platelet counts in
the AP and BC-PC groups increased. However, the two
groups had no statistically significant difference (p >
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0.05), as is shown in Table 1.

Comparison of CCl and PPR effects of two kinds of
platelet transfusion

The CCI and PPR in the AP and the BC-PC group were
increased, and the CCI in the AP group was better than
of the BC-PC group after transfusion, and the difference
was statistically significant (p < 0.05) (Table 2 and 3).
The PPR showed a trend similar to CCl's (Table 2 and
3).

Comparison of adverse reactions of two kinds of
platelet transfusion

The number of cases of adverse reactions to blood
transfusion in the AP group was less than in the BC-PC
group, but there was no significant difference (Table 4).

DISCUSSION

Recently, the demand for platelets in clinical practice
has gradually increased. Choosing platelets with sub-
stantial safety and high efficiency for infusion has be-
come an important issue to be concerned about in clini-
cal practice [16]. Due to the difficulty in obtaining sin-
gle platelets, using other types as effective alternative
treatments is significant for patient treatment. However,
attention should be paid to the safety of platelet applica-
tions.

Apheresis platelets and buffy coat-derived platelet con-
centrates serve as the two primary forms of platelets
[17]; there are specific differences in many aspects: 1)
convenience of collection: in terms of convenience of
collection, buffy coat-derived platelet concentrates are
prepared from whole blood and can be collected
through blood donation, with diverse sources [18].
Therefore, the difficulty of collection is relatively small,
and the convenience of acquisition is vital. On the con-
trary, apheresis platelets collection is difficult to achieve
through the above-mentioned channels, making collec-
tion difficult and time-consuming [19]. 2) Platelet qual-
ity: this study compared buffy coat-derived platelet con-
centrates with apheresis platelets to evaluate platelet
quality. The results showed that after 24 hours of aphe-
resis or buffy coat-derived platelet concentrates transfu-
sion, the platelet counts in the AP and the BC-PC
groups were increased. However, there was no statisti-
cally significant difference between the two groups (p >
0.05), which is consistent with previous research results
[20]. The condition of the patients in the BC-PC group
infused with buffy coat-derived platelet concentrates
was also improved, achieving relatively satisfactory re-
sults. 3) Platelet transfusion effect: the CCl and PPR in
the AP and the BC-PC groups increased, but the CCI
and PPR in the BC-PC group were better than those of
the AP group after transfusion. This indicates that both
types of platelet applications are worthy of recognition
for their effectiveness. 4) Infusion safety: the number of
cases of adverse reactions to blood transfusion in the
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Table 1. Comparison of counts, before and after platelet transfusion, between the control and observation group.

n Before infusion PLT (x 10%) After infusion PLT (x 10°)
AP group 109 22.90 +11.40 42.24 +15.49
BC-PC group 109 26.38 + 16.96 41.67 £ 25.19
t -4.717 0.376
p <0.001 0.708

Table 2. Comparison of CCl and PPR, before and after platelet infusion, in the control and observation group.

n ccl PPR (%)
AP group 109 14.50 +9.42 4551 +28.27
BC-PC group 109 11.47 +17.98 25.81 + 40.46
t 2.595 7.197
p 0.011 <0.001

Table 3. Comparison of effective values of CCI and PPR, before and after platelet infusion, in the AP and BC-PC group.

n CCl>5 PPR > 20
AP group 109 98 (89.90%) 95 (87.16%0)
BC-PC group 109 85 (77.98) 54 (49.54%)
t 5.752 35.644
p 0.026 <0.001

Table 4. Comparison of adverse reactions, after platelet transfusion, between the control and the observation group.

Infusion Adverse reactions No adverse reactions Transfusion adverse
(number of cases) (number of cases) (number of cases) reaction rate (%)
AP group 109 2 107 1.8
BC-PC group 109 4 105 3.6
%2 1.022
p 0.953

AP group was less than in the BC-PC group, but there
was no significant difference, which indicated that BC-
PC has the same robust security as AP applications [21].
The quality control requirements for platelet concen-
trates are platelet content > 2.0 x 10° and red blood cell
infiltration < 1.0 x 10'°. According to current regula-
tions, a therapeutic dose of platelets requires 3 to 5
blood donors to meet the requirements. Moreover, the
quality control requirements for apheresis platelet col-
lection are platelet content > 2.5 x 10, erythrocyte in-

filtration < 8.0 X 10°, and leukocyte count < 5.0 x 108,
which suggests that the use of apheresis platelet collec-
tion is relatively safe. The cause of adverse reactions in
patients undergoing concentrated platelet transfusion is
related to nonhemolytic fever caused by leukocytes.
Strengthening monitoring and prevention during infu-
sion is the key to preventing adverse reactions.

In summary, with the support of advanced science and
technology, the quality of buffy coat-derived platelet
concentrates transfusion has been improved, which is
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not only conducive to the full utilization of precious
blood resources, but can also alleviate the pressure of
the insufficient supply of apheresis platelets [22,23]. It
can be used rationally, according to the needs in clinical
practice, to ensure the realization of the effect of blood
transfusion.

In conclusion, both platelet transfusions have a specific
clinical value. In order to ensure the efficacy of blood
transfusion, it is most important to improve the quality
of platelets and avoid ineffective platelet transfusion
caused by immune and non-immune factors. Given the
current shortage of apheresis platelets, buffy coat-de-
rived platelet concentrate can also improve the condi-
tion of patients with acute and severe blood diseases,
which is worthy of clinical application.

Data Availability Statement:

Some or all data, models, or codes generated or used
during the study are available from the corresponding
author upon reasonable request.

Declaration of Interest:
The authors have no conflicts of interest to declare.

References:

1. Yuan S, Otrock ZK. Platelet Transfusion: An Update on Indica-
tions and Guidelines. Clin Lab Med 2021;41(4):621-34.
(PMID: 34689969)

2. Garraud O, Hamzeh-Cognasse H, Chalayer E, et al. Platelet trans-
fusion in adults: An update. Transfus Clin Biol 2023;30(1):147-
65. (PMID: 36031180)

3. Solves Alcaina P. Platelet Transfusion: And Update on Chal-
lenges and Outcomes. J Blood Med 2020;11:19-26.
(PMID: 32158298)

4. Gupta V, Parihar AS, Pathak M, Sharma VK. Comparison of
Platelet-Rich Plasma Prepared Using Two Methods: Manual
Double Spin Method versus a Commercially Available Automat-
ed Device. Indian Dermatol Online J 2020;11(4):575-9.

(PMID: 32832445)

5. Seheult N, Triulzi DJ, Yazer MH. | am the 9%: Making the case
for whole-blood platelets. Transfus Med 2016;26(3):177-85.
(PMID: 27170206)

6. Garraud O, Cognasse F, Tissot J-D, et al. Improving platelet
transfusion safety: biomedical and technical considerations.
Blood Transfus 2016;14(2):109-22. (PMID: 26674828)

7. Daurat A, Roger C, Gris JC, et al. Apheresis platelets are more
frequently associated with adverse reactions than pooled platelets
both in recipients and in donors: a study from French hemovigi-
lance data. Transfusion 2016;56(6):1295-303. (PMID: 26814984)

8. Kato H, Uruma M, Okuyama Y, et al. Incidence of transfusion-
related adverse reactions per patient reflects the potential risk of
transfusion therapy in Japan. Am J Clin Pathol 2013;140(2):219-
24. (PMID: 23897258)

Clin. Lab. 8/2024

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Willaert B, Vo Mai M-P, Caldani C. French Haemovigilance Da-
ta on Platelet Transfusion. Transfus Med Hemother 2008;35(2):
118-21. (PMID: 21512639)

Yu L, YusS, HeY, Deng G, Li Q. High Autophagy Patterns in
Swelling Platelets During Apheresis Platelet Storage. Indian J
Hematol Blood Transfus 2023;39(4):670-8. (PMID: 37790743)

Yazer MH, Razatos A, Sayers M. Whole blood derived and aphe-
resis platelets: Opinions and preferences-the results of a national
survey of blood collectors. Transfusion 2023;63(6):1224-9.
(PMID: 37027143)

Rueda JAA, Acosta J, Rabinovich O, Ceresetto J, Ernst G,
Duboscqg C. Evaluation of survival and functionality in frozen
platelets. Hematol Transfus Cell Ther 2023. (PMID: 36717327)

Zhou C, Xu J, Ma J, Yin M, Cai S, Chen X. Responsiveness to
Platelet Transfusions in Pediatric Patients with Thrombocytope-
nia: Incidence, Clinical Variables. Clin Lab 2023;69(7).

(PMID: 37436388)

Norouzi M, Mesbah-Namin SA, Sharifi Z, Deyhim MR. L-carni-
tine contributes to enhancement of viability and quality of platelet
concentrates through changing the apoptotic and anti-apoptotic
associated microRNAs. Transfus Clin Biol 2024;31(2)87-94.
(PMID: 38266909)

Li M, Zhao Y, Chen X, et al. Comparative analysis of the quality
of platelet concentrates produced by apheresis procedures, plate-
let rich plasma, and buffy coat. Transfusion 2024;64(2):367-79.
(PMID: 38174435)

Rajashekaraiah V, Rajanand MC. Platelet storage: Progress so
far. J Thromb Thrombolysis 2023;55(1):9-17. (PMID: 36315304)

Li Y, Song Z, Sun X, Tang J, Zhou X. Changes in inflammatory
responses and autophagy during apheresis platelet preservation
and their correlation with platelet transfusion refractoriness in pa-
tients with acute lymphoblastic leukemia. Biomol Biomed 2023;
23(6):956-67. (PMID: 37401750)

Mertes PM, Tacquard C, Andreu G, et al. Hypersensitivity trans-
fusion reactions to platelet concentrate: a retrospective analysis of
the French hemovigilance network. Transfusion 2020;60(3):507-
12. (PMID: 30907010)

Magron A, Laugier J, Provost P, Boilard E. Pathogen reduction
technologies: The pros and cons for platelet transfusion. Platelets
2018;29(1):2-8. (PMID: 28523956)

Eder AF, Dy BA, DeMerse B, et al. Apheresis technology corre-
lates with bacterial contamination of platelets and reported septic
transfusion reactions. Transfusion 2017;57(12):2969-76.

(PMID: 28880363)

Edens C, Haass KA, Cumming M, et al. Evaluation of the Nation-
al Healthcare Safety Network Hemovigilance Module for transfu-
sion-related adverse reactions in the United States. Transfusion
2019;59(2):524-33. (PMID: 30427540)

Agarwal P, Jain A, Elhence P, Verma A. Are Buffy-coat Pooled
Platelet Concentrates an Effective Alternative to Apheresis Plate-
let Concentrates? An in vitro Analysis at a Tertiary Care Center
in Northern India. Int J Appl Basic Med Res 2023,13(3):175-9.
(PMID: 38023597)

De Paoli SH, Patel M, Elhelu OK, Tarandovskiy ID, Tegegn TZ,
Simak J. Structural analysis of platelet fragments and extracellu-
lar vesicles produced by apheresis platelets during storage. Blood
Adv 2024,8(1):207-18. (PMID: 37967384)


https://www.ncbi.nlm.nih.gov/pubmed/38266909
https://www.ncbi.nlm.nih.gov/pubmed/38174435
https://www.ncbi.nlm.nih.gov/pubmed/36315304
https://www.ncbi.nlm.nih.gov/pubmed/38023597
https://www.ncbi.nlm.nih.gov/pubmed/37967384

