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Abstract
Currently, single fresh frozen plasma (FFP) for clinical use is derived from individual blood donors. The objective of this 
study is to investigate the differences in single FFP units to make related strategies for improving FFP transfusion efficacy. 
120 units of single FFP were selected randomly from Chinese PLA Clinical Blood Transfusion Center in Beijing, China. 
Single FFP samples were thawed in 37 °C water bath and were assessed immediately for total protein (TP), albumin (Alb), 
fibrinogen (Fg), factor V (FV), factor VIII (FVIII), antithrombin-III (AT-III) and protein C (PC). Multiple comparisons were 
employed to analysis the differences. The quality levels of 120 single FFP units showed wider ranges and presented normal 
distribution. Fg, FV and PC showed larger fluctuation range but TP, Alb, FVIII and AT-III showed smaller. The mean level 
of TP was 56.07 g/L and FVIII was 0.62 IU/mL. There were no significant differences to genders in single FFP units. FFP 
from younger people with 18–30 years old showed a trend towards reduced activity of coagulation factors, especially FV 
and FVIII. TP and Alb levels in FFP with type O were significantly higher than that in non-O type, but FVIII, AT-III and PC 
levels were lower in type O than that in non-O type. In a word, the whole quality of single FFP units from Chinese regional 
donors was acceptable, except FVIII. There were great differences of plasma proteins and factors in single FFP units, age 
and ABO blood type were main influence factors.
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Abbreviations
Alb  Albumin
AT-III  Antithrombin-III
FFP  Fresh frozen plasma
Fg  Fibrinogen
FV  Factor V
FVIII  Factor VIII
PC  Protein C
TP  Total protein

Highlights

• There are considerable differences in clotting factors for 
fresh frozen plasma in clinical use.

• It is important for transfusion centers to clarify the indi-
vidual differences in single fresh frozen plasma.

• Age and ABO blood type mainly influence the differ-
ences.

Introduction

Single fresh frozen plasma (FFP) is prepared from indi-
vidual blood donor. Clinically, single FFP is considered 
as a common blood component to correct coagulation 
disorder or prevent hemorrhage and so on [1–3]. How-
ever, individual difference and preparation process both 
influence the quality of single FFP that may affect trans-
fusion efficacy directly. In several national and interna-
tional guidelines, the contents of FFP are checked by 
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testing Factor VIII (FVIII), which is a representative of 
the coagulation system, and 0.70 IU/mL is the thresh-
old value [4, 5]. Besides FVIII, other parameters of the 
coagulation system and the fibrinolytic system should 
be used to assess the influence of various factors on the 
quality of single FFP. In China Guideline, there are two 
quality requirements of plasma proteins or factors in FFP 
including total protein (TP) ≥ 50 g/L and FVIII ≥ 0.7 IU/
mL for single FFP [5]. Moreover, studies showed that 
the quality of single FFP is related to age and gender of 
blood donor [6]. Studying the individual difference of 
single FFP from Chinese donors in specific area, there-
fore, it can be beneficial to examine the quality of FFP 
from Chinese population and contributed to recruit donor 
with higher plasma quality.

In this study, a large number of FFP samples from 
Chinese regional donors were randomly selected to test 
plasma proteins or factors level including the central pro-
teins or factors of coagulation system and as the central 
proteins or factors of anti-coagulation system. The test 
results were analyzed the quality range, frequency distri-
bution and individual difference including between blood 
groups, genders and ages to clear out the internal factors 
affecting FFP quality.

Methods

FFP source

Units of whole blood were collected from Chinese people 
who came to donate blood in Chinese PLA Clinical Blood 
Transfusion Center, Chinese PLA General Hospital, Haidian 
District, Beijing, China. The related information of donor 
was recorded into blood donation system. Whole blood units 
were centrifuged at 4000×g for 10 min at 22 ± 2 °C using a 
centrifuge (Biofuge Primo R, Heraeus, Waltham, MA). The 
separated liquid plasma with 10 mL were filled into poly-
carbonate tubes and stored at − 80 °C rapidly as FFP in 6 h 
after collection. In FFP bank, 120 units of FFP in conserva-
tion period from 2016 to 2017 were selected randomly and 
donor information was extracted subsequently. FFP unit was 
thawed immediately in a shaking water bath (MultiTemp III, 
GE Healthcare Europe GmbH, Freiburg, Germany) at 37 °C. 
After thawed, FFP must be measured for plasma proteins or 
factors in 1 h.

Plasma proteins assays

Plasma proteins including TP and albumin (Alb) were meas-
ured on a fully automatic biochemistry analyzer (cobas 

c701/702, Roche, Mannheim, Germany) using the colorimet-
ric method with a total protein test kit (Roche, Mannheim, 
Germany) and albumin test kit (Roche, Mannheim, Germany) 
respectively.

Coagulation factors assays

Fibrinogen (Fg), FACTORV (FV), FVIII were selected 
as main parameters in coagulation factors. Fg activity 
were measured on a coagulation analyzer (STA Compact, 
Diagnostica Stago, Asnieres, France) with the STA Com-
pact using the Clauss clotting method with a fibrinogen kit 
(STA-fibrinogen 5 kit, Diagnostica Stago). FV and FVIII 
activity were measured on the IL coagulation system (Instru-
mentation Laboratory Company, Bedford, MA) using the 
prothrombin time assay with a FV-deficient plasma kit 
(Hemosil, IL Company, Bedford, MA), and the activated 
partial thromboplastin time assay with a FVIII-deficient 
plasma kit (Hemosil, IL Company, Bedford, MA).

Anti‑coagulation factors assays

Antithrombin-III (AT-III) and Protein C (PC) were selected 
as main parameters in anti-coagulation factors. They were 
measured on the IL coagulation system (Instrumentation 
Laboratory Company, Bedford, MA) using automated chro-
mogenic assay with a liquid antithrombin kit (HemosIL, IL 
Company) and a Protein C kit (HemosIL, IL Company).

Data statistical analysis

For each parameter, the assay was performed in three times 
and the arithmetic mean and standard deviation (SD) were 
calculated. Multiple comparisons using SPSS 15.0 were 
employed to analysis the mean differences between different 
groups. A P value < 0.05 (2-tailed) was considered statisti-
cally significant in the two paired groups.

Results

General characteristics of plasma proteins 
and factors in 120 single FFP units

Each parameter had a wide range and the frequency results 
showed they were near normal distribution (Fig. 1). Fg, FV 
and PC had larger fluctuation range and TP, Alb, FVIII and 
AT-III had smaller. The main observed parameters in China 
Guideline were TP with the mean level of 56.07 g/L and 
FVIII with the mean activity of 0.62 IU/mL (Table 1).



422 L. Zhu et al.

1 3

Differences of single FFP units in gender groups

From data analysis, 120 FFP units were from 96 male donors 
and 24 females donors. No significant differences were 
found between different gender groups (Fig. 2).

Differences of single FFP units in age groups

There were 42 units from donors with 18–30 years old, 
57 units from 31 to 45 years old and 21 units from 46 to 
60 years old in 120 single FFP units, respectively. There 
were significant age differences in certain parameter. In 
plasma proteins, Alb in FFP from young ages (18–30 years 
old) were higher than middle ages (31–45 years old) and 
old ages (46–60 years old) (Fig. 3a). In coagulation factors, 
however, FV and FVIII in FFP from young ages were lower 
than middle ages and old ages (Fig. 3b). In anti-coagulation 
factors, no significant differences were found in different age 
groups (Fig. 3c).

Differences of single FFP units in ABO blood type 
groups

There were 60 units with type A, 25 units with type B, 15 
units with type AB and 20 units with type O in 120 single 
FFP units, respectively. In plasma proteins, the levels of TP 
and Alb in FFP with type O were significantly higher than 
those in other blood types (Fig. 4a). In coagulation factors, 
Fg in type O was higher than that in type B and AB, but 
FVIII in type O was lower than that in type B and AB. The 
levels of FV in type A and O were higher than that in type 
B and AB (Fig. 4b). In anti-coagulation factors, the activi-
ties in type O were significantly lower than that in others, 
especially AT-III (P < 0.05) (Fig. 4c).

Discussion

In order to FFP being effective, it is important to define 
the quality distribution, gender-associated differences, age-
associated differences and blood type-associated differences 
of plasma proteins or factors in single FFP units derived 
from individual donors. Understanding the individual differ-
ences not only examine the quality of single FFP for clinical 
use regularly but also contribute to recruit preferred donors. 
Many factors, for instance, ages, genders, races, blood types 
and so on, were associated with changes in plasma proteins 
and the activity of proteins involved in the coagulation and 
anti-coagulation system [6–11]. Our study also demonstrated 
that conclusion and showed similar results.

In this study, it showed that the frequency distribution 
of plasma proteins or factors in 120 single FFP units was 

Fig. 1  Frequency distribution of plasma proteins and factors in 120 single FFP units

Table 1  Quality range of plasma proteins and factors in 120 single 
FFP units

Parameters n M ± SD Range

TP (g/L) 120 56.07 ± 4.33 45.8–69.8
Alb (g/L) 120 37.04 ± 2.65 31.9–45.6
Fg (g/L) 120 2.21 ± 0.47 1.32–3.96
FV (IU/mL) 120 0.83 ± 0.15 0.48–1.39
FVIII (IU/mL) 120 0.62 ± 0.18 0.33–1.36
AT-III (IU/mL) 120 1.26 ± 0.14 0.84–1.61
PC (IU/mL) 120 1.05 ± 0.22 0.51–1.77
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normal distribution meeting distribution requirement of big 
sample amounts (Table 1; Fig. 1). It was consisntent with 
other relative studies [12, 13]. Generally speaking, the whole 
quality of plasma proteins or factors in 120 single FFP units 
was acceptable. The mean value of TP with 56.07 g/L was 
above the China Guidelines (50 g/L). However, FVIII with 
0.62 IU/mL was slightly blew the China Guidelines (0.7 IU/
mL). This phenomenon was possibly attributed to the limita-
tions of regional donor or the sample amount.

For gender, there was no significant differences on the 
tested parameters in single FFP and it was consistent with 
previous studies in other countries [6, 14, 15]. It indicated 
that it was not necessary to discriminate female donors in 
the view of FFP quality. For age, a significant age influence 
on coagulation factors can be found (Fig. 2). Younger people 
showed a trend towards reduced activity, especially FV and 
FVIII (Fig. 3b). The results were in a agreement with other 
studies [6, 16]. However, Alb level in young age group was 
higher than middle age group and older age group. There-
fore, FFP from younger donor was not superior to older 
donor with the purpose of FFP transfusion for coagulant sup-
plement. For ABO blood type, plasma proteins including TP 

and Alb in type O were significant higher than that in non-O 
type (Fig. 4a) and FVIII, AT-III and PC levels were lower 
in type O than in non-O types (Fig. 4b, c). Similar results 
were found in other countries, such as Canada and Brazil 
[17, 18]. The impact of ABO blood type on plasma proteins 
and factors levels was complicated in our study. Generally 
speaking, FFP with type O was not suggested as the first 
option to transfuse for factors supplement as compared to 
other blood types, but it was excellent for plasma proteins 
supplement. Many previous reports studied the quality of 
plasma and factors in individuals and our research studied 
that in single FFP units from individual donors. The similar 
results indicated that the preparation process of FFP was 
not able to significantly influence the differences of plasma 
proteins and factors in single FFP units.

There were limitations in this study, of course, such as the 
amount of single FFP units and the number of test param-
eters. In a word, it was suggested, in our this study, that there 
were significant differences of plasma proteins and factors 
levels in single FFP units from Chinese regional donors and 
the main influence factors were age and ABO blood type. 
Preferred recruitment for blood donor and preferred use in 

Fig. 2  Gender differences of plasma proteins and factors in 120 single FFP units. *P < 0.05
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clinical may be available strategies. In order to address the 
problem of individual differences in single FFP completely, 
in the field of blood transfusion medicine, pooling plasma 
had been developed as alternative strategy, such as universal 
virus-activated plasma which had a uniform level of plasma 

proteins or factors in each unit [19–21]. That will be one of 
available strategies to achieve plasma precision dose.

Fig. 3  Age differences of plasma proteins and factors in 120 single FFP units. *P < 0.05
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