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Abstract Thawed fresh frozen plasma (FFP) if not used
within 6 h, may have to be discarded due to the risk of
contamination and uncertainty about its quality. The main
objective of this study was to evaluate the levels of coag-
ulation Factor II (FII), Factor VIII (FVIII), fibrinogen and
bacterial growth in thawed refrozen FFP. Thirty FFP
samples were collected from healthy donors. FFP were
thawed in water bath at 37 °C for 20-25 min. Approxi-
mately 10 mL of plasma from each FFP unit was tested for
FII, FVIII, fibrinogen and sterility. The thawed FFP units
were then kept at 4 °C for 6 h before being refrozen and
stored at — 20 °C. Two weeks later, the refrozen FFP were
thawed again and representative samples were analysed as
before. There was a significant decline in the mean FVIII
level, from 155.77% to 85.6% at second thaw. The mean
FII level increased significantly from 74.9% to 82%,
whereas the mean fibrinogen level fell from 3.34g/L to
3.28 g/L, but the decline was not statistically significant.
There was no bacterial contamination in all samples at both
time points. Refrozen plasma may be considered as an
alternative to the storage of thawed unused FFP provided

P< Chooi Fun Leong
cfleong @ppukm.ukm.edu.my

Department of Pathology, Hospital Pekan, Pekan,
Pahang Darul Makmur, Malaysia

Department of Pathology, Faculty of Medicine, Universiti
Kebangsaan Malaysia Medical Centre, Kuala Lumpur,
Malaysia

Department of Medical Microbiology and Immunology,
Universiti Kebangsaan Malaysia Medical Centre,
Kuala Lumpur, Malaysia

Department of Pathology, Hospital Kuala Lumpur,
Kuala Lumpur, Malaysia

@ Springer

they are kept in a controlled environment to reduce
wastage. These thawed refrozen FFP can be used later in
bleeding cases like other FFP as the levels of FVIII are still
within the standard haematology range (0.5-2 IU/mL) and
above the minimal level of 30% coagulation factors
required for adequate haemostasis.

Keywords Thawed fresh frozen plasma - Refrozen -
Coagulation parameters - Sterility

Introduction

Fresh frozen plasma (FFP) refers to the liquid portion of
human blood that has been frozen at appropriate tempera-
ture to preserve the activity of labile coagulation factors
[1]. It can be obtained by two methods i.e. prepared from
fresh whole blood or from plasma collected by apheresis
machine and frozen as soon as possible within 8 h of
collection and stored at < — 18 °C for 1 year or < —
65 °C for 7 years [2]. Fresh frozen plasma is commonly
used to treat both congenital and acquired deficiency of
coagulation factors. In view of the importance of FFP
transfusion in cases with bleeding tendency secondary to
coagulation pathway defect or disseminated intravascular
coagulopathy, the quality of these FFP products has to be
monitored and regularly checked. The quality control
requirement set by Malaysia National Blood Centre include
volume ranging from 195 + 20 to 283 + 50 mL depend-
ing on the donation set and method used; factor VIII level
for each unit of FFP should be > 0.7 IU/mL with clear
macroscopic appearance [1].

With the regular quality control checks on FFP products,
the thawed FFP that are transfused as soon as possible
should have served their purpose. However, there are many
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occasions in which the FFP are thawed but not transfused.
Some of the documented reasons are patient has expired or
is not fit for transfusion or developed complications fol-
lowing transfusion of previous unit of FFP or bleeding has
been controlled before the thawed FFP can be transfused.
In some cases, multiple units of FFP are thawed for plasma
exchange, but the procedure is cancelled due to technical
problems with the machine or the patient is unfit for the
procedure [3]. According to the current practice in our
hospital at Universiti Kebangsaan Malaysia Medical Cen-
tre (UKMMC), these thawed FFP products if not used
within 6 h are discarded in view of the risk of contami-
nation and the uncertainty about the quality of these
products. The UKMMC Blood Bank data from 2011 to
2013 has shown that the thawed unused FFP ranged from
126 to 167 units annually and accounted for approximately
2.0-2.5% of total FFP collection [4]. Thus many units are
thawed but not transfused which is most undesirable.
Therefore, we studied the refrozen FFP to determine the
quality of these products to assess the feasibility of using
these thawed refrozen FFP. Refrozen FFP also may be
useful for massive transfusion programs or in cases that do
not require therapeutic levels of Factor V and FVIII:C such
as in plasma exchange procedure [3]. These FFP are also
useful for rare donors or unused autologous plasma [5].
The main objective of this study was to evaluate the
coagulation factor activity of Factor II, Factor VIII and
fibrinogen as well as the sterility of double freeze and
thawed FFP.

Materials and Methods

This was a quasi-experiment study on FFP done at
UKMMC from May 2016 to March 2017. This research
project was approved by the Research and Ethics Com-
mittee of UKM Medical Centre. Plasma was collected from
healthy donors of peripheral blood stem cell during stem
cell harvesting. A total of 30 allogeneic stem cells donors
participated in this study who fulfilled the criteria and have
consented to participate in this research. During peripheral
blood stem cell collection, both the peripheral blood stem
cell and 200 mL of plasma were collected using an
apheresis machine (OPTIA Spectra, US). 60 mL of plasma
were then transferred into Compoflex transfer bags (Fre-
senius Kabi, Bad Homburg, Germany) by sterile docking
device (Terumo SC 201-A, Terumo Corp, Tokyo, Japan)
and frozen at — 80 °C within 8 h of collection. After an
overnight freeze at — 80 °C, the FFP units were subse-
quently transferred to — 20 °C freezer (SANYO Biomed-
ical Freezer, Japan) until further testing in batches with 10
samples in each batch.

The FFP samples were thawed in water bath at 37 °C for
15-20 min until fully thawed. Each bag was gently mixed
before the sample was drawn for testing. Approximately
10 mL of plasma sample was taken from each FFP unit
under aseptic technique and labeled as first thawed sam-
ples. From this sample, 3 mL was used for coagulation
parameters (Factor II, Factor VIII and fibrinogen) while
7 mL was used for sterility testing. After the first thawed
samples were collected for testing, the thawed FFP units
were kept into a 4 °C blood fridge for 6 h and then refrozen
again at — 20 °C and stored in a — 20 °C freezer. Two
weeks later, the refrozen FFP units were thawed for the
second time and labeled as second thaw. Respective sam-
ples were taken and investigated as in the first thawed
sample. As the main aim was to test on the refrozen and re-
thawed plasma, for our convenience, 2 weeks was selected
because if thawing and refreezing have any effect on the
coagulation factor activity and sterility, it would be obvi-
ous within these 2 weeks’ time period.

Factor II and Factor VIII were analyzed by measuring
the clotting time using STA-Deficient II and STA-Deficient
VIII reagent (STA Compact, Paris). Fibrinogen level was
measured quantitatively by clotting method of Clauss using
STA Fib2 reagent. The coagulation parameters are inter-
preted in percentage for Factor II and Factor VIII and in
g/L for fibrinogen.

For sterility assessment, plasma samples were cultured
in BD BACTEC " Plus Aerobic/F vials (Becton, Dickinson
and Company, USA) and were incubated at 35 °C in the
BD BACTEC" FX blood culture system. The incubated
vials were continuously monitored for up to 5 days. Cul-
ture vials which were not flagged as positive by the system
at the end of the 5-day incubation period were regarded as
negative for bacterial growth and therefore sterile; and for
positive cases, a Gram staining would be done on that
sample to identify the possible microorganism(s).

Data were collected and analysed. Descriptive analysis
of the data was presented in numbers and percentages.
Numerical variable was articulated as mean and standard
deviation. Paired ¢ test was used to compare the mean
between the first and second thawed samples. A P value of
less than 0.05 was considered as significant.

Results

The results of coagulation factor II, factor VIII and fib-
rinogen at first and second thaw are shown in Table 1.
Figure 1 is the Box and Whisker Plot graph showing the
comparison between FII, FVIII and fibrinogen levels in
first thawed (A) and second thawed (B) FFP. Here, the
lower quartile, median and upper quartile appears as a box,
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Table 1 Comparison between the coagulation factor levels at first thaw (A) and at second thaw (B)

Coagulation factors  First thaw (A) Second thaw (B) Mean difference (A-B) 95% Confidence interval of the difference P value
Mean SD Mean SD

Factor II (%) 7490 12.35 82.03 13.05 —7.13 (— 11.216, — 3.050) 0.001

Factor VIII (%) 15577 57.19 85.60 30.80 70.17 (55.641, 84.693) < 0.001

Fibrinogen (g/L) 3.34 0.56 3.28 0.56 0.06 (— 0.014, 0.138) 0.108

Significant P < 0.05

while the minimum and maximum data points are shown as
whiskers at the two ends.

The mean values of Factor II at first and second thaw
were 74.9% versus 82.03% which was increased signifi-
cantly by 7.13%. For fibrinogen, there was no significant
difference between first thaw and second thaw (P > 0.05).
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The fibrinogen level fell from 3.34 g/L at first thaw to
3.28 g/L (mean difference = 0.06).

Regarding Factor VIII, there was significant reduction in
Factor VIII mean levels between first thaw and second
thaw (P < 0.05). The level of Factor VIII fell from
155.77% to 85.6% (mean difference = 70.17%). However,
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Fig. 1 Box and Whisker Plots showing the FII, FVIII and fibrinogen levels in first thawed (A) and second thawed (B) FFP
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the mean values at second thaw were still above the lower
limit of National Blood Centre release criteria for FFP
products i.e. .70%. The FVIII levels ranged from 98.58% to
212.96% at first thaw and 54.8% to 116.4% at second thaw.
All the 30 units of FFP have Factor VIII of at least 70% at
first thaw. Unfortunately, 8 out of 30 (26.6%) of these units
did not fulfilled the release criteria of at least 70% of Factor
VIII at second thaw. For sterility assessment, all plasma
samples were negative at both time points (at first thaw and
second thaw).

Discussion

FFP is commonly used to treat both congenital and
acquired deficiency of coagulation factors. There are two
main indications for FFP transfusion which are used as
prophylaxis or therapeutic [6]. One-third of all FFP
requested by physician are given as prophylaxis before
surgery or invasive procedure in patient with prolonged
coagulation profile [7]. In this study, we evaluated Factor
II, Factor VIII and fibrinogen levels and sterility check on
twice freezing and thawed FFP under controlled
environment.

In our study, it was found that on the contrary Factor II
levels had significantly increased from 74.9% at first thaw
to 82.03% at second thaw. The main concern of this study
is whether there is reduction of factors activities in these
products. As the activity was not reduced, it is assumed that
the quality of the FFP products was not deteriorated. The
differences of the result may be due to the minor variation
of two different samples prepared at two different time
period as well as the variation caused by the equipment
used. For fibrinogen, although the levels have reduced,
there was no significant difference between first thaw and
second thaw. These findings have similarities with previous
studies where the authors showed that these factors remain
stable and adequate for transfusion in twice-thawed-and-
refrozen FFP [5, 6].

For Factor VIII, we found that there was a significant
reduction in the mean levels between first thaw and second
thaw. However, the mean values were still within normal
limits of release criteria. Our findings were supported by
one previous study which was the only data available about
FVIII:C level upon repeated freezing and thawing where
the authors showed that there was a statistically significant
deterioration in FVIIL:C level (23% dropped) after re-
thawing and refrigerated storage for 2—4 h, but did not
approach unsatisfactory level for haemostasis. Hence, they
suggest that such plasmas would be therapeutic to patients
receiving refrozen FFP. It is evidenced that most factors
except Factor VIII remain stable if separation and freezing
are done within 24 h of collection [8]. According to

American Association of Blood Banks (AABB), once
thawed, FFP must be stored at 1-6 °C for no longer than
24 h before transfusion. After 24 h, plasma can be stored
for additional 4 days at 1-6 °C, but has to be labelled as
Thawed Plasma [9].

In this present study, in the first thaw all the 30 units
have FVIII ranged from 98.58% to 212.96% which is
above the quality control requirement of at least 70%
(0.70 IU/mL). While in the second thaw, FVIII level ran-
ged from 54.8% to 116.4% where 73.4% of the units ful-
filled the released criteria; which is very near to the quality
control requirement of at least 75% of the units sampled
should have FVIII more than 0.70 IU/mL. Moreover, if we
look into the standard haematology range (0.5-2 IU/mL)
[10], all these units were within the standard haematology
range.

A study by Agus et al. (2012) on FFP units prepared
after 24 h of storage at 4 °C revealed that 50% units con-
tained more than 0.70 IU/mL of FVII while 90% units
contained more than 0.5 IU/mL of FVIIL. They showed that
although a good percentages of units contain standard
levels of FVIII (0.70 IU/mL), but the percentage increases
much higher considering the standard haematology range
of 0.5-2 TU/mL. They viewed that the loss of coagulation
factors observed is unlikely to be clinically significant and
these FFP units still contained a reasonable level of FVIII
(0.50 IU/mL) for treatment of disseminated intravascular
coagulation and massive transfusion and would be an
acceptable product for most patients requiring fresh-frozen
plasma [10].

Another study at Malaysia National Blood Centre on
two groups of thawed FFP where Group A was stored at
2-6 °C for 5 days and Group B was stored at 20-24 °C for
initial 6 h followed by 2-6 °C for 5 days was done. They
showed that all coagulation factors mean activities in both
storage groups decreased over 5 days of storage but most
of the activities were still above 30%. The mean FVIII
activity at day 5 of storage was 36.9% and 39.8% in Group
A and Group B respectively. The other coagulation factors
mean activities were > 50% on day 5 of storage in both
groups. They concluded that the coagulation factors
activities were still sufficient to treat bleeding patients as
the activities were more than 30%, as 30% is the minimal
level of coagulation factors required for adequate
haemostasis [11].

In our present study, 73% of the double thawed FFP
units fulfilled the standard quality control requirements,
and all the units were within the standard haematology
range (0.5-2 IU/mL) and above the minimal level of
coagulation factors required for adequate haemostasis.
Thus, we expect the coagulation factor levels in the FFP
units are sufficient for adequate haemostasis in bleeding
cases. Therefore, the thawed plasma may be refrozen if it is
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kept at controlled environment at 4 °C for 6 h and to be
used later in bleeding cases like other FFP. These thawed
plasma are recommended to be used like other FFP units
that is immediately after thawing.

One local unpublished data on thawed plasma during
prolonged storage at 4 °C has shown that level for factor II
at 6 h of thaw increased from 73.43% to 73.73% (increased
by 0.4%), Factor VIII decreased from 177 to 144% and
fibrinogen level was static compared to the level immedi-
ately after thaw. These factor levels continued to drop
further to 71% and 69.8% for Factor II and 81% and 71%
for Factor VIII at day 3 and day 5 when stored in a 4 °C
fridge. Our result found that, when we refreeze thawed
plasma at 6 h, and re-thaw 2 weeks later, the level of
Factor II and Factor VIII are similar to those stored at 4 °C
for 3 days.

In this present study, sterility assessment was negative
for bacterial growth at both time points (at first thaw and
second thaw). However, the result of this sterility testing
could be biased due to the small sample size in this study.
Our decision to omit the usage of anaerobic culture vials
was based on the usual practice of storing thawed plasma in
aerobic conditions which do not favour the growth of
obligate anaerobic bacteria such as Propionibacterium sp.
There was no previous study done on sterility of repeated
freezing and thawing of FFP to support our findings.

The limitation of this study is the relatively small
sample size of 30 and the fact that the study was conducted
on plasma collected by apheresis method. Although
apheresis plasma is one of the methods of collection, the
methodology used for apheresis collection is different as it
is collected during a stem cell harvesting procedure.

Conclusion

This study results showed that the refrozen and thawed FFP
units contained a reasonable level of FVIII and other
coagulation factor (Factor II and fibrinogen). We would like
to propose that thawed plasma may be refrozen if it is kept
in a controlled environment at 4 °C for not more than 6 h
and can be used later in bleeding cases like other FFP as the
levels of FVIII are still within the standard haematology
range (0.5-2 TU/mL) and above the minimal level of 30%
coagulation factors required for adequate haemostasis.
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