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Stability of FV, FVII and FVIII in Post-Thaw Plasma Units during Refrigerated  
Storage for 5 Days

Sumaira Khan1, Aisha Hameed2, Shabnam Bashir3, Iram Aftab4, Fauzia Shafi Khan5, Ghulam Mustafa6, Shahida Mohsin7

ABSTRACT

OBJECTIVES: To measure the coagulation Factor V (FV, proaccelerin), FVII (proconvertin), and FVIII (antihemophilic factor) levels 
as well as haemostatic integrity of single-donor FFP (fresh frozen plasma) units during 5 days storage at 2-6°C and also to compare 
factor levels between different days.
STUDY DESIGN: A cross-sectional analytical study.
PLACE AND DURATION: Department of Hematology, University of Health Sciences Lahore from 1st July, 2015 to 30th June, 2016. 
METHODOLOGY: Total 35 FFP units of AB positive blood group from male donors were aliquoted and stored at −70 °C. Aliquots 
were thawed at 37 °C and stored at 2–6 °C for 5 days. Prothrombin time (PT), activated partial thromboplastin time (APTT) and FV, 
VII and VIII levels were assessed during 0, 1, 3 and 5 days. 
RESULTS: The PT, international normalized ratio (INR) and APTT levels increased with time whereas FV and VIII levels decreased on 
day 1, 3 and 5 when compared to day zero. A maximum reduction was noted for FV (54%) and FVIII (56%) levels. FVII levels were 
reduced (31%) less as compared to labile coagulation factors and the statistically significant difference was observed on 3rd and 5th 
day when compared to day zero.
CONCLUSION: The levels of FV,VII, VIII remained within normal range for 3 days in thawed plasma stored at 2-6oC, which supports 
that plasma not used after thawing can be relabeled as Thawed Plasma and utilized in emergency situations. 
KEYWORDS: Coagulation; Fresh Frozen Plasma; Plasma Storage; Prothrombin Time; Activated Partial Thromboplastin Time; Thawed 
Plasma
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INTRODUCTION

Currently, FFP is used for the treatment of impaired haemo-
stasis caused by multiple factor deficiencies. These include 
DIC, liver disease, warfarin reversal, dilution coagulopathy 
and massive transfusion 1,2. Additionally, plasma transfusion is 
also indicated for replacement of specific coagulation factors 
3. These suggested indications for FFP are nearly comparable in 
different parts of world including Pakistan. 
Nowadays, different forms of transfusable plasma are available 
in western countries which include FFP (plasma frozen within 
8 hours of phlebotomy) and plasma frozen within 24 hours of 
phlebotomy (PF24). The recommended indications for these 
forms of plasma are same across the globe but guidelines re-
garding for maximum permitted storage time after thawing 
vary among different countries. In the United States, FFP and 
PF24 are FDA-licensed products that must be transfused with-
in 24 hours of thawing, but they can be relabeled as thawed 
plasma and used locally, without transport across state lines, 
for an additional 4 days 4 whereas in Canada and Europe, plas-
ma should be infused as soon as possible after thawing 5,6. 
If we consider the stability of coagulation factors, then shelf 
life of FFP after thawing is only 24 h at 1–6 °C in Pakistan, 
which means that thawed FFP cannot be re-used as Thawed 
plasma (TP) and should be discarded after 24 h of refrigerated 
storage. A lot of research has been done in West 6-9 to explore 
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the stability of coagulation factors and inhibitors in TP at vari-
ous temperatures over different days of storage but in vain as 
contradictory findings have been observed. Therefore, these 
available findings may not be directly applicable for our coun-
try.
This study was designed to check the stability of coagulation 
Factor (F) V, VII and VIII in single-donor thawed FFP units during 
5 days storage at 2-6°C. Based on previous results, supplemen-
tary data could be provided for blood banks to alternate the 
interchangeable use of FFP and TP, in order to maintain the 
stocks of TP for immediate transfusion to trauma patients as 
well as decrease plasma wastage in Pakistan. The objective of 
our study is to measure the coagulation Factor V (FV, proaccel-
erin), FVII (proconvertin), and FVIII (antihemophilic factor) lev-
els as well as haemostatic integrity of single-donor FFP (fresh 
frozen plasma) units during 5 days storage at 2-6°C and also to 
compare factor levels between different days.

METHODOLOGY

This cross-sectional analytical study was carried out in the De-
partment of Haematology of University of Health Sciences, La-
hore from 1st July, 2015 to 30th June, 2016. The informed con-
sent was taken from each donor. Thirty five freshly prepared 
plasma units (within 6 hours of blood collection) from male 
donor of AB positive blood group stored at room temperature 
were included in the study using consecutive sampling tech-
nique whereas blood bags not sealed properly or with tears 
were excluded. 12 aliquots of each unit containing 1.5 ml of 
plasma were prepared, labeled and stored at -40oC for a pe-
riod of one month. For the stability studies, plasma aliquots 
were thawed in a water bath at 37°C according to standard 
operating procedures. Thawed plasma aliquots were double 
centrifuged and stored (except of day 0) at 4°C ± 2°C for 1, 3 
and 5 days.
Prothrombin Time (PT) and Activated Partial Thromboplastin 
Time (APTT), FV, FVII and FVIII levels of thawed plasma were 
measured according to manufacturer’s instructions on STAGO 
Compact Coagulation Analyzer (Diagnostica Stago, France) at 
day 0, 1, 3 and 5 respectively. The STAGO Compact coagulation 
analyzer is an automated instrument used for in vitro testing 
of the coagulation system. This analyzer measures the time 
of clot formation, using an electro-magnetic mechanical clot 
detection system. FV and FVII levels were measured by using 
STAGO-Neoplastine reagent while FVIII levels were measured 
by using STAGO-Cephascreen reagent 19.
Data Analysis: Statistical analysis was performed using Sta-
tistical Package for Social Sciences (IBM SPSS) version 20. The 
results of PT, APTT, FV, VII and VIII at Day 0, 1, 3 and 5 were 
calculated and expressed as mean ± standard deviation (SD). 
Analysis of variance (ANOVA) for repeated measures was used 
to compare the results of Day 1, 3 and 5 with Day 0. Mauchly’s 
Test of Sphericity was used to the check the assumption of ho-
mogeneity of variances of differences of factors levels among 
these days. For pair-wise comparison of coagulation factors, 
Post Hoc test using Bonferroni correction was applied. A p-val-
ue of <0.05 was considered statistically significant.

RESULTS

This study was carried out on 35 single-donor FFP units of AB 
positive blood groups. All donors were males of age group 
between 18-40 years. Blood bags not sealed properly or 
with tears / broken in open system, plasma components not 
prepared properly, plasma stored at room temperature for 
more than 6 hours and FFP stored in freezers that were not 
maintained at -20oC were excluded from the study. 
Basic Coagulation Parameters in Thawed Plasma Stored at 
2-6oC Coagulation tests (PT, International Normalized Ratio 
(INR) and APTT) showed increasing trend during 5 days of 
refrigerated storage. PT gradually increased on proceeding 
days as compared to day 0 (13.8±1.2 second). The mean values 
for PT on day 3 (17.5±1.4 sec) and day 5 (18.2±1.8 sec) crossed 
the upper normal limit (12-16 sec). INR showed a gradual 
increase on day 1 (1.07), 3 (1.19) and 5 (1.25) as compared to 
day 0 (0.94). APTT mean values also showed increasing trend 
from day 0 to 5 (APTT at day 0 (33.5±2.6 sec), 1 (37.5±3.5 sec), 
3 (39.7±2.3 sec) and 5 (41.4±3.6) respectively). APTT value on 
day 5 was not in normal range (32-40 sec) (Table-I).
Comparison of Basic Coagulation Parameters in Thawed 
Plasma Repeated measures analysis of variance (ANOVA) test 
was carried out to compare the PT, INR and APTT levels among 
different days 0, 1, 3 and 5. This test revealed that the mean 
difference in PT, INR and APTT was statistically significant (p< 
0.001) among different days as compared to day 0. PT, INR 
and APTT showed a significant increase on proceeding days 
(Table-I). 
Coagulation Factors Levels in Thawed Plasma during 5 Days 
Storage The change in mean levels of coagulation factors (FV, 
VII and VIII) was observed during 5 days of refrigerated storage. 
These coagulation factors gradually decreased on day 1, 3 and 
5 as compared to day 0 (Figure-II). On comparison to day 0, the 
mean levels of FV, VII and VIII on day 5 were decreased by 55%, 
31% and 57% respectively. The mean level of FVII was less 
reduced as compared to FV and VIII and it remained within 
reference range during 5 days storage. The mean levels of FV 
and FVII shows a gradual decrease while FVIII shows a rapid 
decrease of 30% on day-1. However, FV and FVIII remained 
within normal range only for 3 days of storage.
Comparison of Coagulation Factors Levels in Thawed Plasma
Repeated measures analysis of variance (ANOVA) test was 
applied to compare the mean levels of FV, VII and VIII on day 0, 
1, 3 and 5. Mauchly’s Test of Sphericity was used to the check 
the assumption of homogeneity of variances of differences 
of factors levels among these days. This test showed that 
for FVII levels, no significant difference exists between day 0 
and 1, however, a significant difference was present at day 3 
and day 5 when compared to day 0. The mean FV and FVIII 
levels at day 1, 3 and 5 were significantly lower as compared 
to day 0. (Table-II) Pair wise Comparison of Coagulation 
Factors between Different Days For Pair wise Comparison, 
Post Hoc Test using Bonferroni Correction was used. This test 
showed that for FV and FVIII levels, there was a significant 
difference with the p-value < 0.001 between days 1, 3 and 5 
when compared to day 0. The FVII levels showed that there 
was no significant difference between day 0 and 1; however, 
a significant difference was present on remaining days when 
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compared to day-0 (Table-III). 

Table – I: Comparison of Basic Coagulation Parameters in Thawed Plasma over 5 days storage at 4°C ± 2°C  ( N=35 )

Analytes Reference

Range

(Second)

Day-0

Mean + SD

(Min-Max)

Day-1

Mean + SD

(Min-Max)

Day-3

Mean + SD

(Min-Max)

Day-5

Mean + SD

(Min-Max)

p-value

(ANOVA)

PT

(Sec)
12-16

13.8 ± 1.2

(12-17)

15.6 ± 1.1

(13-18)

17.5 ± 1.4

(14-21)

18.2 ± 1.8

(15-21)
< 0.001*

APTT

(Sec)
32-40

33.5 ± 2.6

(29-40)

37.5 ± 3.5

(31-47)

39.7 ± 2.3

(35-43)

41.4 ± 3.6

(34-50)
< 0.001*

INR
0.9-1.2

0.94 + .014

(0.92-0.98)

1.07 + .012

(1.04-1.1)

1.19 + .016

(1.16-1.23)

1.24 + .020

(1.12-1.23)
< 0.001*

Data is given as Mean+ SD, ANOVA (Analysis of variance), * statistically significant

Table – II: Comparison of Coagulation Factors levels in Thawed FFPs Stored at 2-6oC  ( N=35 )

Analytes

Reference Range

Day-0

Mean+ S.D

(Min- Max)

Day-1

Mean+ S.D

(Min- Max)

Day-3

Mean+ S.D

(Min- Max)

Day-5

Mean+ S.D

(Min- Max)

p-value

(ANOVA)

FV

(%)
55–120

83.2 ± 9.1

(70-116)

71.6 ± 8.2

(59-93)

57.1 ± 7.3

(46-67)

45.9 ± 7.7

(33-56)
< 0.001*

FVII

(%)
50–150

92.2 ± 20.3

(50-137)

88.0 ± 18.0

(53-134)

67.9 ± 14.1

(42-104)

64.1 ± 11.2

(42-92)
< 0.001*

FVIII (%)
55–150

106.0 ±24.2

(59-179)

74.8 ± 17.5

(43-118)

68.0 ± 11.1

(49-102)

46.3 ± 13.5

(30-100)
< 0.001*

Data is given as Mean+ SD, ANOVA (Analysis of variance),  * statistically significant

Comparison of FV, FVII & FVIII Levels at Day 0 with days 1, 3 and 5
Factors     Days Mean Difference Std. Error p-value

FV 0
1 11.571* 1.086 < 0.001
3 26.143* 1.790 < 0.001
5 37.314* 1.788 < 0.001

FVII 0
1 4.143 3.784 > 0.999
3 24.314* 3.472 < 0.001
5 28.114* 3.346 < 0.001

FVIII
0

1 31.229* 4.073 < 0.001
3 38.029* 4.379 < 0.001
5 59.771* 4.822 < 0.001

*Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Table-III: Pair wise Comparison of Coagulation Factors between Different Days ( N=35 )
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DISCUSSION

FFP has been available in blood banks for transfusion since 
1941 10. It should be stored at or below -30°C for 1-3 years 11. 

Like other developed countries, the shelf life of thawed FFPs 
in our setup is 6 hours at room temperature and 24 hours at 
2-6°C with respect to the stability of coagulation factors and 
inhibitors. From the late nineteen’s to up till now, many re-
ports recommended that thawed FFPs consist of adequate 
amount of coagulation factors and inhibitors up to 5 to 7 days 
of storage at 2-6 oC 6,9,12. The present study was designed to 
measure the levels of coagulation factors V, VII & VIII in post 
thaw plasma units for up to 5 days storage at 2-6°C. All select-
ed coagulation factors demonstrated significant decrease and 
basic coagulation tests PT, INR & APTT showed a continuous 
increase over the time. 
Prothrombin Time (PT) measures the overall integrity of the 
extrinsic and common pathways of coagulation 13. In this 
study, we observed a 24% increase in PT value on the 5th day 
(p < 0.001). Wang et al noted a significant increase of 14% in 
PT value on Day 512. Sheffield et al in two studies noted an 
increase of 8% and 7% which was statistically significant4,6. As 

PT is commonly expressed as INR (normal value 0.9-1.2s) 14, 
it also demonstrated the similar outcome with an increase of 
24% (p < 0.000). The APTT measures the integrity of intrinsic 
and common pathways and mainly sensitive to FVIII and FIX 
deficiencies 13.  APTT increased significantly with an increase 
of 19% (p < 0.001) at day 5 of refrigerated storage which is 
consistent with previous studies 12. 

FV is an important coagulation factor of coagulation cascade. 
Half life of this labile factor in plasma is 36 hours 15. To achieve 
haemostasis during surgery or in severe bleeding, mainte-
nance of FV levels at 20–25% is recommended 16.  Although, 
these levels are 2-6 times lower than the reference range (55–
120) but are adequate to prevent bleeding during a surgical 
procedures in patients with single FV deficiency.  In present 
study, the mean FV levels showed a significant decrease at Day 
5 of refrigerated storage with a loss of 54%. The maintenance 
levels of 45.9% ±7.7 of FV at Day-5 were below the reference 
range (55–120). Wang et al showed a decrease of 34% in FV 
levels at day 5, which was significant but in contrast to our 
results remained within the reference range [12].  Our study 
results at Day-3 (FV 57.1% ± 7.3) were in normal range and in 

Figure - 1: The values of PT, INR and APTT in Thawed plasma during 5 days storage

Figure - 2: Dot plots showing reduction of coagulation factors in thawed plasma stored at 2-6oC
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accordance to Downes et al who selected the expiration time 
of 3 days rather than 5 17. 
Factor VII (FVII) is a vitamin K-dependent glycoprotein synthe-
sized by the liver. In most surgical procedures, 15-25% levels 
of FVII provide adequate hemostasis 18.  In present study, the 
mean levels of FVII showed a significant decrease at Day-5 
of refrigerated storage with a loss of 31%. These levels were 
within reference range (50–150) and enough to maintain the 
normal haemostasis. Similar results have been observed in 
previous studies. 7,12  Although the stability of FVII is debated, 
most plasma products whether freshly thawed or nearing the 
end of their shelf life contain reasonable FVII activity 7.  In dis-
parity, Sidhu et al had not observed any significant change in 
FVII activity during storage ranging from 5-20 days 19. Our do-
nors were only males which may have affected our outcomes 
because contact activation in female plasma is more 20. 

Factor VIII (FVIII), which is a key plasma protein in the blood 
coagulation cascade. The half-life of this labile factor is approx-
imately 8 to 12 hours 21.  In cases of severe bleeding, a mini-
mum level of 50–70 IU/dL of FVIII is required to maintain the 
clot formation 15. In present study, FVIII levels showed maxi-
mum decrease with a fall of 56% on 5th day of storage. A study 
by Wang et al supported our outcomes because this study also 
reported a maximum decrease in FVIII levels (40%) at Day-5 as 
compared to other coagulation factors 12. An interesting find-
ing in our study was that the decrease in mean FVIII activity 
was mainly observed in the first 24 h with a loss of 30%, after 
that decline was less rapid. It is also in accordance with oth-
er studies 6,12. Furthermore, in present study, the FVIII activ-
ity was within the normal range (above 50%) upto 3 days of 
refrigerated storage which is sufficient for satisfactory clinical 
hemostasis. The decrease in FVIII levels after 3 days of storage 
was not in a reference range.
 Regardless of the broad usage of thawed plasma by western 
countries 4,6,9, currently it is not available in Pakistan. Our find-
ings show that thawed plasma had sufficient amount of FV, 
VII and VIII upto 3rd day of refrigerated storage,  providing in 
vitro proof that FFP after thawing may be relabeled as Thawed 
Plasma and kept at 4°C ± 2°C for maximum 3 days. The matter-
of-fact in extending the post thaw storage life of plasma for 3 
days means not to store all FFPs as thawed plasma. Instead, 
FFPs that are not needed after 24 hours of thawing should not 
be discarded and kept for 3 days as thawed plasma. 

CONCLUSION

The levels of FV,VII, VIII remained within normal range for 3 
days in thawed plasma stored at 2-6oC, which supports that 
plasma not used after thawing can be relabeled as Thawed 
Plasma and utilized in emergency situations.

LIMITATIONS OF STUDY

Due to financials constrains, we had only checked the stabili-
ty of FV, VII and VIII while other factors levels were not mea-
sured. We had also not tested the coagulation inhibitors levels 
during storage period. Bacterial contamination was also not 
tested in this study. 
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