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Abstract. The aim of the present study was to evaluate 
the clinical efficacy between manual buffy coat-derived 
platelet concentrates (PCs) and automated apheresis platelet 
concentrates (APCs) in terms of their therapeutic effects. The 
corrected count increment (CCI) was calculated according to 
detected differences in platelet concentration in patients who 
underwent transfusion of APCs, prepared by an automated 
system (group I, 72 cases) or PCs derived from buffy coat 
by manual method (group II, 83 cases). The clinical efficacy 
was assessed in terms of the CCI and clinical symptoms. The 
platelet contents of all the PCs were detected before transfu-
sion. The mean 1 h CCI was 13.56±4.45 and 24 h CCI was 
8.67±4.21 in group I, while the mean 1 h CCI was 15.83±4.65 
and 24 h CCI was 9.57±3.36 in group II. The effective rates 
judged by CCI for groups I and II were 53 and 64%, respec-
tively, and those judged by clinical symptoms were 67 and 
60%, respectively. In conclusion, the clinical effectiveness of 
manual PCs was similar to that for APCs; thus, it could be 
utilized for clinical use.

Introduction

In the Affiliated Cancer Hospital of Zhengzhou University, 
some patients would encounter thrombocytopenia due to their 
primary blood disease (such as leukemia and aplastic anemia) 
or marrow suppression caused by radiotherapy or chemo-
therapy. Low platelet (PLT) counts frequently lead to bleeding 
complications and even death, therefore platelet transfusion is 
a critical and often necessary aspect of managing cancer (1). 
Platelet transfusion is indicated either prophylactically or ther-

apeutically to reduce the risk of bleeding, promote hemostasis 
or to control active bleeding (2). Platelet concentrates (PCs) 
are mainly produced by two different preparation methods: 
Manual PCs (collected from donated whole blood with the 
platelet-rich plasma-method or the buffy coat-method) and 
plateletpheresis (apheresis-derived platelet concentrates, 
APCs) (3). In our Henan Provincial Blood Center, manualPCs 
is produced by buffy coat-method. There is an ongoing debate 
whether manual PCs or plateletpheresis is superior. Manual 
PCs is isolated from donated whole blood that need multiple 
donations to have sufficient platelets to treat an adult patient, 
thereby increasing the risk of infectious agent transmission 
and alloimmunization rates compared with apheresis units 
that is collected from a single donor (4). So the APCs is always 
preferred over another in clinical settings but is always in short 
supply due to the increasing demand for medical treatment, 
resulting in manual PCs being frequently used. 

In the present study, the clinical efficacy was observed in 
tumor patients to investigate the transfusion efficiency of the 
two types of platelet products.

Patients and methods

Patients. Patients with the following factors that may influ-
ence platelet count, such as fever, hepatosplenomegaly, bone 
marrow transplantation were excluded. All the subjects were 
divided into groups according to the two types of infused PCs. 
All the patients were Rh (D) positive and were transfused with 
ABO-matched PCs at a tolerant speed.

Group I (subjects transfused APCs) comprised 72 cases, 
and included 37 males and 35 females, with a mean age of 
38.7  years (range, 7-76 years). Clinical diagnosis of the 
subjects was as follows: 50 cases of acute leukemia, 5 cases of 
endometrial carcinoma, 4 cases of gastric carcinoma, 4 cases 
of lymphoma, 2 cases of gallbladder carcinoma, 2 cases of 
osteosarcoma, 2 cases of ovarian cancer, 1 case was myelo-
dysplastic syndrome (MDS) and 2 cases were myeloma. The 
platelet counts before transfusion were 3-41x109/l and the 
average count was 15.90x109/l.

Group  II (subjects transfused manually collected PCs) 
comprised 83 cases, including 48 males and 35 females, with a 
mean age of 41.8 years (range, 6-83 years). Clinical diagnosis 
of the subjects was as follows: 48 cases of acute leukemia, 
6 cases of gastric carcinoma, 4 cases of breast cancer, 3 cases 
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of ovarian cancer, endometrial carcinoma, lung cancer and 
MDS, respectively, 2 cases of esophageal cancer, 2 cases of 
cardiac cancer, 2 cases of rectal cancer, 2 cases of lymphoma, 
1 case of liver cancer, 1 case of pancreatic carcinoma, 1 case 
of cervical cancer, 1 case of sarcoma of chest wall, and 1 case 
of vertebral tumor. The platelet counts before transfusion were 
2-40x109/l and the average count was 16.57x109/l.

Reagents. A total of 72 bags of APCs (a therapeutic dose/bag) 
and 430 bags of manual PCs (2 units/bag) were used in the 
present study. In China, the standard therapeutic adult dose 
is >2.5x1011 platelets and a unit dose is >2.0x1010 platelets. 
The APCs were prepared by the MCS + blood cell separator 
(produced by Haemonetics Corporation, Braintree, MA, USA). 
A balanced, bag heat-sealing machine, K-4500 hematology 
analyzer (East Asia Joint-Stock Co., Japan) was used in the 
experiment.

Platelet count of PCs. Weighed platelet products through 
sufficiently blending were transferred to a small tube in the 
bag. Then specimen was taken and mixed with normal saline 
at a ratio of 1:4 followed by detection of the platelet concentra-
tion. The platelet content was calculated using the equation: 
Platelet content = (gross weight - dry weight of the bag)/rela-
tive density x platelet concentration (x109/l).

Efficacy judgment. The platelet transfusion efficiency was 
evaluated by corrected count increment (CCI), which is the 

most widely used marker for measuring the efficacy of platelet 
transfusions. CCI values were calculated using the formula: 
CCI  =  increased PLA counting (x109/l)  x  body surface 
area (m2)/input PLA number (x1011). The standard of CCI 1 h 
<7.5, 24 h <4.5 was accepted for invalid transfusion (1).

Observation of clinical symptoms. With the cooperation of 
clinicians and nurses, clinical symptoms of the patients before 
and after the transfusion were observed and noted to compare 
the efficacy of the two types of PCs.

Statistical analysis. Measurement data were presented as 
mean  ±  standard deviation for statistical analysis. Data 
accorded with normal distribution were compared using the 
t-test, or rank-sum test (Mann-Whitney U test). Numeration 
data were statistically analyzed using the χ2 test. SPSS 21.0 
statistical software (IBM SPSS, Armonk, NY, USA) was used 
for the statistical analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

The platelet content detection of all the PCs is provided in 
Table I. As can be seen from Table I, the mean platelet content 
of a bag of plateletpheresis was 2.34±0.37 x 1011, and the 
mean platelet content of manual PCs from one donor was 
0.61±0.23 x 1011. On average, approximately four handmade 
platelets are equivalent to a bag of apheresis platelets. The 

Table I. The platelet content of the two types of PCs.

Type	 n (bag)	 Net volume (ml)	 Net weight (g)	 Platelet count (x1011)

APCs	   72	 238±20.54	 250±31	 2.34±0.37
Manual PCs 	 430	 60.68±4.89	 63.05±4.79	 0.61±0.23

PCs, platelet concentrates; APCs, apheresis platelet concentrates.

Table II. The platelet counts (x109/l) of the two groups patients before and after transfusion.

Group	 n	 Before	 After 1 h	 After 24 h

Ⅰ	 72	 15.90±7.67	 36.43±11.82	 31.28±10.40
Ⅱ	 83	 16.57±8.34	 42.63±13.26	 40.73±12.34
P-value		  0.34	 0.22	 0.08

Table III. CCI value and effective rate of transfusion in the two groups.

Group	 n	 1 h CCI	 24 h CCI	 Valid cases	 Invalid cases	 Effective rate

Ⅰ	 72	 13.56±4.45	 8.67±4.21	 38	 34	 53%
Ⅱ	 83	 15.83±4.65	 9.57±3.36	 53	 30	 64%

CCI, corrected count increment.
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platelet counts of the two groups before and after transfusion 
are provided in Table II. The mean value of the platelet counts 
in group II was a little higher than that in group I, but there was 
no statistical significance (P>0.05). The result of the platelet 
transfusion efficiency in terms of CCI value is presented in 
Table  III. Effective rates of transfusion were 53 and 64% 
in groups I and II, respectively, and there was no statistical 
significance (χ2=1.952, P=0.162).

Therapeutic effect was evaluated according to clinical 
symptoms. There were 18 cases with bleeding tendency or 
symptoms in their oral cavity, nasal cavity, skin or vagina 
mucosa among 72 cases of group I, and 12 cases (67%) had 
obvious improved symptoms after transfusion. While there 
were 20  cases who had bleeding tendency or symptoms 
among 83 cases of group II, and 12 cases (60%) had obviously 
improved symptoms after transfusion. There was no statistical 
significance between the two groups (χ2=0.041, P=0.84).

There were 3 patients showing urticaria or fever reaction 
in group I (4.17%) and 7 patients displaying similar reaction in 
group II (8.43%) (Fisher's exact rates test, P=0.35).

Discussion

Platelet reduction can be induced by myelosuppression in 
treatments such as chemotherapy or radiotherapy. The problem 
of bleeding tendency or symptoms is particularly prevalent in 
blood disease patients caused by the disease itself. Platelet 
transfusions have been proven to prevent major haemor-
rhaging and improve survival in thrombocytopenic patients, 
and have now become an important method to guarantee 
continuous therapy in tumor clinical treatment (5). There are 
immune and non-immune factors that mainly influence trans-
fusion efficacy (6). The former is due to the isoimmunization 
mainly caused by HLA antibodies and less frequently caused 
by antibodies for human platelet antigen (HPA) or a combina-
tion of HLA and HPA antibodies (7-11). Non-immune factors 
mainly involve the quantity and quality of infused platelets 
as well as some clinical factors such as fever, bleeding, sepsis, 
hepatosplenomegaly, disseminated intravascular coagulation 
and some medicine influence (12).

On the other hand, apheresis PCs are characterized by a 
superior haemostatic capacity over manual PCs both in vitro 
as well as in vivo (13-15). There are some reasonable advan-
tages to single donor platelets including reduced disease 
transmission, reduced alloimmunization, superior function, 
and storage characteristics (16). Moreover, an equivalent dose 
of manual PCs requires at least 4-6 donors every time with 
increased alloimmunization, which is likely to cause platelet 
transfusion refractoriness (PTR). PTR is typically defined as 
failure to achieve an appropriate increment after receiving 
two consecutive transfusions with fresh ABO-compatible 
platelets. In the present study, manual PCs were found to 
somewhat exceed anticipation in terms of the platelet content 
and assessment of clinical efficiency. Furthermore, the rate 
of PTR was 36-47% in our experimental research, versus 
earlier studies, which were 30-70% (6). Patients in group II 
were superior to those in group I in terms of CCI values, but 
showed no statistical difference. The patients all showed good 
haemostatic capacity while group II was more likely to suffer 
from allergic reactions. Earlier findings, however, showed no 

difference between the two types of PCs according to clinical 
efficacy (17).

The following factors which have the ability to influence 
clinical efficacy should be considered. The quality of PCs 
is a major factor as lower quality PCs may directly result in 
PTR (5). Secondly, the clinical condition of each patient is 
different and complex, some patients are in the severe myelo-
suppression period during chemotherapy, which usually leads 
to a very low response after transfusion, while some patients are 
in the recovery phase of bone marrow therapy, which gives an 
active response to the transfusion with an obviously increased 
platelet count. Furthermore, the function and survival time of 
the infused platelet, and platelet-consuming factors such as 
bleeding tendency should also be considered. Therefore, we 
should always bear in mind that clinical efficacy is complex 
and variable because it is the result of the combined action 
and interaction of many factors. The results of the present 
study showed that manual PCs are more efficiently utilized 
in clinical setting in our area and hospital. However, manual 
PCs may generate more immunoreactions and allergies than 
APCs, but such methods as irradiation, leukocyte removal by 
filtration or HLA/HPA matching may be used to avoid the 
above side effects (18,19). Furthermore, the proper usage of 
manually collected PCs could make full use of limited and 
precious blood resources.
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