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Preanalytical quality control of blood samples is critical for tests of coagulation function and
coagulation factor activity. Preanalytical storage time and temperature are the main variables. We

. investigated the effects of preanalytical frozen storage time and temperature on activated partial

: thromboplastin time (APTT), fibrinogen (Fbg), prothrombin time (PT)/international normalized ratio

. (INR), thrombin time (TT), factor VIII activity (FVIII:C), and factor IX activity (FIX:C) in frozen plasma.
Samples (n =144) were randomly and equally divided into four groups (storage at —80°C or —20°C)
and analysed by CS5100 or CA7000 coagulation analysers. Baseline values and results after storage for
15 days, 1 month, 3 months, 6 months, and 1 year were measured after thawing. Mean percent changes

. and scatter plots were used to determine clinically relevant differences. The stabilities of coagulation

. tests and coagulation factor activities measured by the C55100 system were consistent with those

. measured by the CA7000 system. At —80 °C, assessment samples of PT/INR, Fbg, and TT can be safely

. stored for 1 year, APTT for 6 months, and FVIII:C and FIX:C for 1 month. At —20°C, samples of Fbg and

© TT can be stored for 1 year, PT/INR and FIX:C for 1 month, and APTT and FVIII:C for 15 days.

Preanalytical quality control of blood samples includes steps that can interfere with the measurement of coag-
. ulation function and coagulation factor activity'. Unsuitable samples can lead to unreliable haemorrhagic and
. thrombotic results, thereby affecting clinical decisions"* Preanalytical variables primarily include sample collec-
* tion, transportation, centrifugation, assay method, storage time, and temperature®*. With the development of a
. hierarchical medical system in China, some patients undergoing anticoagulant therapy or with cardiovascular,
. haematological, or hepatic diseases consult doctors in small hospitals, community hospitals, and clinics, and
family doctors*®. The samples collected from these patients for routine coagulation tests are sent to independent
. clinical laboratories (ICLs) or certain comprehensive hospitals for analysis, especially for assessment of factor
© VIII activity (FVIIL:C) and factor IX activity (FIX:C)>®. The time required to transport the samples to ICLs and
: comprehensive hospitals is often over 4h, and therefore exceeds the time recommended by the Clinical and
Laboratory Standards Institute (CLSI) (H21-A5)". In addition, recent advances have determined that biobanks
can facilitate the development of drugs and diagnostic tests for both public health and personalized medicine®’.
Biobank networks have been developed and established by collecting, authenticating, and preserving human
and/or bacterial specimens®. Relevant data for ensuring long-term preservation and optimal use of samples for
analysis of coagulation are lacking.

Our preliminary tests established the storage times and optimal temperatures for screening coagulation tests
(activated partial thromboplastin time (APTT), fibrinogen (Fbg), prothrombin time/international normal-
ized ratio (PT/INR), thrombin time (TT)) and D-dimers in asymptomatic individuals and hepatitis B patients,

. and those of FVIII:C and FIX:C in asymptomatic individuals, using whole blood samples and aliquoted fresh

. plasma™'®!!. We demonstrated that PT/INR, TT, and Fbg can be safely stored for <24h at 4°C and 25°C in fresh

: separated plasma, APTT for <12h at4°C and <8h at 25°C, and FVIIL:C for <2h and FIX:C for <4h at4°C and
25°C.
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However, these results only partially meet the practical requirements, especially for factor activity measure-
ment'®!!. One of the primary reasons is that some laboratories choose to accumulate large numbers of samples for
coagulation tests for simultaneous measurement to save on costs and assay time. In addition, samples are some-
times collected during non-operating hours of laboratories, and there are centralized laboratory measurements
for external quality assessment, clinical trials, and multicentre studies>!?*. We aimed to establish appropri-
ate sample storage times and temperatures for screening coagulation tests and coagulation factor activity assays
for the treatment and monitoring of oral anticoagulant therapy, haemophilia, liver diseases, and thrombotic
diseases'>"%.

Perioperative fresh-frozen plasma (FFP) contains a number of coagulation factors, and is often used in
patients with coagulopathy who have multiple coagulation factor deficiencies and are actively bleeding. After
thawing, FFP is also used for patients with major trauma and/or massive haemorrhage?*-*2. Kuta et al.** and
Lamboo et al.”® analysed the quality of coagulation factors immediately after thawing FFP, and found that FFP
units contained adequate coagulation factor activities for maintaining haemostatic function. Therefore, using
fresh plasma samples that were immediately centrifuged after collection before being aliquoted and frozen, we
aimed to investigate whether storage temperature (—20°C or —80°C) and time affected coagulation function
and coagulation factor activity, and whether any changes caused by delayed analysis resulted in clinically relevant
differences. In addition, we aimed to establish our own acceptable storage temperature and time guidelines for
frozen plasma. In the present study, we measured APTT, Fbg, PT/INR, TT, FVIII:C, and FIX:C in both fresh sam-
ples and frozen samples stored at —20°C or -80 °C for 15 days, 1 month, 3 months, 6 months, and 1 year using
Sysmex CS5100 and CA7000 coagulation analysers.

Methods

Subjects. The study included 144 asymptomatic individuals who visited the First Affiliated Hospital of
Zhejiang University for a physical examination in November 2014. The 144 subjects comprised 72 males and 72
females with a median age of 43 years (range: 19-78 years).

Ethics statement. This study was approved by the Ethics Committees of the First Affiliated Hospital of
Zhejiang University. Subjects provided written informed consent for their samples to be used in the study accord-
ing to the principles expressed in the Declaration of Helsinki.

Assays. Venepunctures were performed in the morning following a 12-h fast. A 5.4-ml venous whole blood
sample was collected from each patient into two 2.7-ml tubes containing 0.109 M sodium citrate as an anticoagu-
lant (Becton Dickinson, Franklin Lakes, NJ, USA) at a blood-to-anticoagulant ratio of 9:1. The two samples from
each patient were centrifuged (10 min, 3000 x g) to obtain fresh plasma without platelets and cells, and the fresh
plasma samples from the two tubes were mixed in an empty tube. The fresh plasma was quickly aliquoted into
six Eppendorf tubes composed of a nonactivating plastic and capped. The 144 samples were randomly divided
into four groups: 36 samples were frozen at —20°C, stored at —20 °C, and analysed with the CA7000 system; 36
samples were frozen at —80°C, stored at —80 °C, and analysed with the CA7000 system; 36 samples were frozen
at —20°C, stored at —20°C, and analysed with the CS5100 system; and 36 samples were frozen at —80 °C, stored
at —80 °C were analysed with the CS5100 system. One aliquot for each patient was analysed immediately after
sample collection to assess the baseline (0 day) values. After storage for 15 days, 1 month, 3 months, 6 months, and
1 year, respectively, at —20°C or —80 °C, the remaining five aliquots were tested after thawing in a thermostatic
water bath for 10 min at 37 °C. The samples were mixed six times by end-over-end inversions before testing. All
testing was completed within 30 min after thawing. The samples were tested for APTT, PT/INR, TT, Fbg, FVIILC,
and FIX:C by a coagulation-based nephelometric method using the CA7000 system (Sysmex, Kobe, Japan)
or a coagulation-based turbidimetric method using the CS5100 system (Sysmex), with the following reagents
from Siemens (Sysmex, Marburg, Germany): Dade Actin activated cephaloplastin reagent (lot: 557211); Dade
Thrombin reagent (lot: 538097); Thromborel S (lot: 545584); Test Thrombin reagent (lot: 43668); Coagulation
factor VIII-deficient plasma (lot: 546588B); and Coagulation factor IX-deficient plasma (lot: 504102). The results
are presented as s (PT, APTT, TT), % (FVIIL:C, FIX:C), and g/L (Fbg).

Statistical Analysis

The results for the screening coagulation tests and coagulation factor activities were presented as mean =+ standard
deviation when the data were normally distributed or median (range) when the data distribution were skewed.
The statistical significance of differences among repeated-measure multiple groups or compared with baseline
values was assessed by repeated-measures analysis of variance or the Friedman test (Wilcoxon test) as appropri-
ate. To assess the stability of the coagulation tests and coagulation factor activities, percent changes compared
with baseline values were calculated [(result at storage time X — result at baseline)/result at baseline] and averaged
for each time point. According to our previous study'® and the study by van Geest-Daalderop et al.?, a clinically
relevant difference was defined as a mean percent change of >10%. If the number of samples with >10% change
was less than 25% of the total sample number, the effect was considered moderate. If more than 25% of the sam-
ples had a change of >10%, the effect was considered large. Plots of the differences in percent changes were con-
structed with the percent changes of samples on the y-axis and the baseline values on the x-axis. The plots were
visually inspected to determine the underlying variability characteristics of the relationship between storage time
and baseline values. Individual sample differences were also observed. Two dotted lines were drawn in the figures
to represent plus or minus 10% changes. P < 0.05 was considered statistically significant. Statistical analyses were
performed using SPSS version 22 (SPSS, Chicago, IL, USA).
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Terms ‘ Baseline ‘ 15 days ‘ 1 month 3 months 6 months 1year P
CS5100/—80°C

PT (s) 10.8(9.9-16.1) 11.0(10-16.3)* 11.0(10.1-16.6)* 11.1(10.2-16.8)* 10.9(10-16.8)* 11.3(10.3-17.1)* <0.001
INR 0.94(0.86-1.39) 0.96(0.87-1.40)* 0.96(0.88-1.43)* 0.97(0.89-1.44)* 0.95(0.87-1.44)* 0.94(0.85-1.47) <0.001
APTT (s) 30.8+3.8 30.4£6.0% 31.74+6.3% 32.3+6.6% 32.6£6.9% 34.74+7.0% <0.001
TT (s) 174412 17.6 £1.1* 17.7£1.3% 17.7+£1.1% 17.9+£1.2% 18.1+1.0% <0.001
Fbg (g/L) 3.13+1.17 3.15£1.17* 3.13+1.18 3.12+1.18 3.14£1.17* 3.15+1.17 <0.001
FVIIL:C (%) 129.7(77.3-325.7) 125.6(77.3-311.4) 123.5(75.4-269.0)* 115.0(69.8-302.8)* 112.9(67.2-297.7)* 112.1(68.6-281.3)* <0.001
FIX:C (%) 104.5+24.6 100.3 £23.5% 96.2 £22.7* 89.4+£22.4% 78.2£22.0% 74.54+19.2% <0.001
CS$5100/—20°C

PT (s) 10.9(9.6-12) 11.4(9.9-12.3)* 11.4(9.9-12.4)* 12.4(10.5-14.4)* 12(11.1-14.5)* 14.2(11.7-17.1)* <0.001
INR 0.95(0.84-1.04) 0.99(0.86-1.07)* 0.99(0.86-1.08)* 1.08(0.92-1.24)* 1.04(0.97-1.24)* 1.21(0.98-1.47) <0.001
APTT (s) 31.1+£3.8 32.7 £4.6% 34.245.1% 36.5+6.0% 36.9+£5.7*% 44.0 £7.4% <0.001
TT (s) 17.6£1.0 17.7£1.1 18.0£1.1% 18.0 £1.0% 18.0£0.8* 18.5£1.35% <0.001
Fbg (g/L) 2.8940.67 2.8910.66 2.87+0.66 2.90%0.67 2.9140.67* 2.8940.65 <0.001
EVIIL:C (%) 109.7(72.2-234.4) 107.7(68.7-237.1)* 93.4(58.8-203)* 93.3(62.3-213.7)* 82.3(46.6-204.5)* 67.5(41.6-158.9)* <0.001
FIX:C (%) 92.7+16.5 86.9+15.0% 86.8+14.9* 79.5+13.6*% 68.3+£13.1% 64.3+11.9* <0.001
CA7000/—80°C

PT (s) 11.2(10.1-12.7) 11.3(10.1-13) 11.1(10-12.9) 11.1(10.1-12.8) 11.4(10.3-13.3)* 11.8(10.7-13.4)* <0.001
INR 0.98(0.88-1.1) 0.98(0.88-1.12) 0.97(0.87-1.12) 0.96(0.87-1.13) 0.99(0.9-1.15)* 1.03(0.93-1.17)* <0.001
APTT (s) 28.94+4.0 30.54+4.8* 30.1+4.6% 30.3+£4.6% 31.6+5.0% 34.3+5.2% <0.001
TT (s) 19.3+0.9 19.3+£0.9 19.5+£0.9* 19.8 £1.2% 19.8 £1.4% 20.4+1.4% <0.001
Fbg (g/L) 2.874+0.71 2.90£0.73* 2.90+0.72% 2.87+£0.72 2.90£0.72% 2.91+0.72% <0.001
FVIILC (%) 117.1(62.5-223.1) 110.7(66.7-184.0)* 106.2(55.6-189.3)* 99.7(58.5-164.4)* 99.0(60.8-163.0)* 96.4(52.6-177.2)* <0.001
FIX:C (%) 93.8+22.1 91.8+20.0% 88.6£20.0% 82.1+18.8* 64.5+15.4% 61.6+14.7* <0.001
CA7000/—20°C

PT (s) 10.9(9.9-13.5) 11.7(10.5-13.9)* 11.8(10.6-14.2)* 12.4(11.1-14.8)* 13.7(11.9-16.9)* 14.4(12.6-17.7)* <0.001
INR 0.95(0.87-1.17) 1.02(0.92-1.2)* 1.02(0.92-1.23)* 1.08(0.97-1.27)* 1.19(1.11-1.47)* 1.28(1.11-1.61)* <0.001
APTT (s) 28.1+5.2 30.3+5.8*% 30.846.0% 31.6+6.4% 34.5+6.9% 41.1+£8.3% <0.001
TT (s) 19.5£0.9 19.6 £1.0% 19.7£1.1% 19.8 £1.0% 19.7 £1.3% 21.0£2.0% <0.001
Fbg (g/L) 2.8940.68 2.8740.67 2.8740.67 2.8940.68 2.914+0.67 2.881+0.67 <0.001
FVIILC (%) 118.6(61.2-168.6) 111.8(43.4-172.3)* 105.4(53.6-147.6)* 97.9(48.2-145.1)* 92.2(45.4-166)* 74.5(30.4-107.2)* <0.001
FIX:C (%) 95.2420.0 91.3+18.3* 87.6+18.5% 77.7+17.5% 62.0+£12.2% 59.7£13.2% <0.001

Table 1. Results for PT/INR, APTT, Fbg, TT, FVIIL:C, and FIX:C detected by the CS5100 and CA7000 systems
after storage for 15 days, 1 month, 3 months, 6 months, and 1 year. *p < 0.05 compared with baseline values.
Abbreviations: APTT, activated partial thromboplastin time; Fbg, fibrinogen; PT, prothrombin time; INR,

international normalized ratio; T'T, thrombin time; FVIII:C, factor VIII activity; and FIX:C, factor IX activity.

Results

Stability studies. Table 1 shows the results and statistical differences in the screening coagulation tests and
coagulation factor activities of the plasma samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year
at —20°C or —80°C and analysed by the CS5100 and CA7000 systems, compared with the baseline values (0h).
Table 2 shows the mean percent changes and the stabilities of PT/INR, APTT, Fbg, TT, FVIII:C, and FIX:C when
the samples were stored under the aforementioned conditions and analysed by the CS5100 and CA7000 systems.
The mean changes of Fbg and TT were less than 10% for all time points and the mean percent change of FIX:C was
less than 10% after sample storage for 1 month, regardless of storage temperature. The mean percent changes of
PT/INR were less than 10% after sample storage for 1 year at —80°C and 1 month at —20°C. Although the mean
percent changes of APTT after 1 month at —20°C were 9.77% for the CS5100 system and 9.60% for the CA7000
system, changes of >10% in individual samples occurred in >25% of the samples. The mean percent changes of
FVIIL:C were less than 10% after sample storage for 1 month at —80°C and 15 days at —20°C. Therefore, assess-
ment samples for Fbg, TT, and FIX:C can be safely stored for 1 year, 1 year, and 1 month regardless of storage
temperature, samples of PT/INR for 1 year, samples of APTT for 6 months, and samples of FVIII:C for 1 month
at —80°C, while samples of PT/INR and FIX:C can be stored for 1 month and samples of APTT and FVIII:C for
15 days at —20°C. Meanwhile, we found that the stability times based on different analysis principles (CA7000: a
coagulation-based nephelometric method; CS5100: a coagulation-based turbidimetric method) were consistent.

Scatter plots. Figures 1, 2, 3, 4 and 5 show the percent changes of PT, APTT, Fbg, TT, FVIIIL:C, and FIX:C in
samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year at —20°C or —80°C and measured by the
CS5100 or CA7000 systems. The two dotted lines in the figures represent plus or minus 10% changes. Therefore,
individual samples with changes of >10% can be visualized in the scatter plots. Furthermore, the numbers of
samples with changes of >10% in each group (over nine samples in this study) can be visualized.
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PT (s) 1.38 429 224 4.75 2.42 12.36* 1.71 11.11% 4.09 30.73% 1 year 1 month
INR 2.26 4.22 141 4.69 2.48 12.07* 1.68 10.75% 0.36 28.2% 1 year 1 month
APTT (s) —1.3 4.96 2.63 9.77% 4.62 17.14% 5.65 18.39% 12.65%* 41.53% 6 months 15 days
TT (s) 1.23 0.27 1.78 2.01 1.74 2 3.12 2.51 4.4 4.71 1 year 1 year
Fbg (g/L) 0.68 0.11 —0.05 —0.37 —0.26 0.45 0.69 0.99 0.71 0.48 1 year 1 year
FVIIL:C (%) —1.52 —2.94 —3.79 —16.58% —10.1* —12.6* —11.33*% —24.52% —11.98% —37.86* 1 month 15 days
FIX:C (%) -3.97 —5.96 -7.9 —6.19 —14.68%* —14% —25.84% 26.4% —29.04* —30.61%* 1 month 1 month
CA7000

PT (s) 0.42 6.17 —0.44 7.81 —0.14 13.23% 2.08 24.82% 5.61 33.33% 1 year 1 month
INR 2.04 6.06 0.41 7.59 —0.26 12.76* —0.56 24.75% 5.6 36.66* 1 year 1 month
APTT (s) 5.56 7.94 4.21 9.6% 4.86 12.13% 9.19 22.64% 18.64% 46.73% 6 months 15 days
TT (s) 0.31 0.62 1.04 1.19 3.11 1.72 2.96 1.41 5.89 8.04 1 year 1 year
Fbg (g/L) 0.79 —0.72 0.8 —0.16 —0.3 0.11 0.72 —0.23 111 —0.21 1 year 1 year
FVIILC (%) —2.69 -7.9 —7.99 —10.68* —13.11% —17.33% —13.5% —20.41% —15.46%* —38.65% 1 month 15 days
FIX:C (%) —-1.71 —3.8 —5.39 —7.92 —12.37% —18.46* —31.2% —34.69% —34.26% —37.4% 1 month 1 month

Table 2. Mean percent changes of PT/INR, APTT, Fbg, TT, FVIII:C, and FIX:C detected by the CS5100 and
CA7000 systems after storage for 15 days, 1 month, 3 months, 6 months, and 1 year compared with the baseline
values. *Changes of >10% in individual samples occurred in >25% of samples.
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Figure 1. Percent changes of PT in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and
detected by the CS5100 and CA7000 systems. 1: Samples stored at —80 °C and analysed by the CS5100 system;
2: samples stored at —20 °C and analysed by the CS5100 system; 3: samples stored at —80 °C and analysed by the
CA7000 system; 4: samples stored at —20 °C and analysed by the CA7000 system. The two dotted lines in the
figures represent plus or minus 10% changes.
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Figure 2. Percent changes of APTT in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and
detected by the CS5100 and CA7000 systems.1: Samples stored at —80 °C and analysed by the CS5100 system;

2: samples stored at —20 °C and analysed by the CS5100 system; 3: samples stored at —80 °C and analysed by the
CA7000 system; 4: samples stored at —20 °C and analysed by the CA7000 system. The two dotted lines in the
figures represent plus or minus 10% changes.

Discussion

Reliable measurements of coagulation function and coagulation factor activity can be affected by sample storage
temperature and time from sample collection to testing. We previously found that, along with prolonged time
from sample collection to testing, coagulation test times were increased or decreased and coagulation factor activ-
ity was significantly reduced at both 4°C and 25°C"°. If samples cannot be analysed in a timely manner according
to recommended guidelines, the CLSI suggests that samples should be frozen for later analysis. However, the CLSI
does not specify optimal storage times’. In this study, we evaluated the effects of freezing time and temperature
on screening coagulation tests and coagulation factor activity. According to the mean percent changes and scatter
plots, the acceptable stabilities of coagulation tests and factor activities measured by the CS5100 system were
consistent with those measured by the CA7000 system at both —80°C and —20 °C. Therefore, the different coag-
ulation analysers had no significant effect on the quality of the results, although some subtle differences may be
observable from the plots. The safe storage times for PT/INR, APTT, and FVIIL:C (1 year, 6 months, and 1 month,
respectively) at —80 °C were longer than the times (1 month, 15 days, and 15 days, respectively) at —20°C. The
safe storage times for Fbg, T'T, and FIX:C (1 year, 1 year, and 1 month, respectively) at —80 °C were the same as
those at —20°C. Although the safe storage times at —80°C/—20°C for FVIII:C (1 month/15 days) and FIX:C (1
month/1 month) were longer than the times for FVIIL:C (2h/2h) and FIX:C (4h/4h) at 4°C/25°C!, their safe
storage times were significantly shorter than those for APTT, Fbg, PT/INR, and TT.

Although there are many studies on the effects of freezing storage time and temperature on coagulation func-
tion, FVIII:C, and FIX:C, they primarily involved coagulation tests and measurements of coagulation factor activ-
ity in FFP after thawing?®?>-2%, FFP is prepared by separating plasma from whole blood within 6 h after donation.
The FFP is then frozen and stored at —18 °C or below?”?’. As early as 1989, Dzik et al.*® found a greater decline in
the factor VIIIL:C levels in FFP stored for 72h at —65 °C compared with control plasma immediately after thawing.
Philip et al.*® found that the activity of vitamin K-dependent coagulation factors (FII, FVII, FIX, and FX) and the
level of Fbg were within the normal ranges, and adequate for transfusion in twice frozen and thawed FFP stored at
—18°C or below for 1 week. Ben-Tal et al.?® also found that PT, FVIL, FIX, FX, and Fbg were stable and adequate
for transfusion in twice frozen and thawed FFP stored at —80°C for 1 week. Gosselin et al.?’” evaluated the levels
of PT, APTT, Fbg, FVIII:C, and FIX:C stored at —70°C for at least 1 week, and found significant differences in
PT, APTT, and FVIII between fresh and frozen plasma. FFP is used to treat bleeding in patients with multiple
coagulation factor deficiencies, or for the prevention of surgical bleeding?**’. We examined the percent changes
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Figure 3. Percent changes of Fbg in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and
detected by the CS5100 and CA7000 systems. 1: Samples stored at —80 °C and analysed by the CS5100 system;
2: samples stored at —20 °C and analysed by the CS5100 system; 3: samples stored at —80 °C and analysed by the
CA7000 system; 4: samples stored at —20 °C and analysed by the CA7000 system. The two dotted lines in the
figures represent plus or minus 10% changes.

of coagulation tests, FVIII:C, and FIX:C, and observed increases in PT and APT'T, and significant decreases in
FVIIL:C and FIX:C. In contrast to our study, the previous researchers primarily aimed to measure the levels of
coagulation function and coagulation factor activity. They determined whether coagulation factor activities in
FFP were within the normal ranges, and whether FFP could be transfused to avoid wastage. In addition, they did
not freeze plasma immediately after blood collection, and the frozen storage time was short.

Other studies have proposed acceptable times for tests of coagulation function and coagulation factor activity in
frozen plasma, but not in FFP?%*°. Woodhams et al.?® concluded that APTT, T'T, PT, Fbg, and coagulation factor activ-
ity (allowing for 10% variation) in normal citrate plasma samples were stable for up to 3 months if frozen at —24°C
or below, and stable for at least 18 months if frozen at —74°C. They found significant prolongation of PT and APTT,
reduction of FVIIL:C and FIX:C, and no relevant changes of Fbg during storage for up to 24 months. Additionally, they
found that the freezing process (freezing at —74°C and storage at —24°C vs. freezing at —24°C and storage at —24°C)
was not responsible for changes in stability. Alesci et al.*! found that freezing and storage strongly influenced PT and
APTT assays and weakly influenced Fbg assays, and showed that the changes in PT, APTT, and Fbg were smaller in
samples stored at —70°C compared with —20°C after 1, 2, 3, and 4 months of storage. In our study, we aimed to meas-
ure coagulation function and coagulation factor activity immediately after blood collection. Furthermore, we aimed to
determine suitable storage times and temperatures, and analysed individual differences between samples. Woodhams
et al.*® analysed 600 ml of mixed plasma collected from six healthy volunteers. Furthermore, they did not describe the
time period from blood collection to freezing, and did not take individual differences into account. Meanwhile, Alesci
et al*! did not study changes in FVIII:C and FIX:C. Although the present results were different than those reported by
Woodhams et al., Alesci et al., and our previous study, these studies indicated that the stability of coagulation function
and coagulation factor activity in frozen plasma stored at approximately —80 °C was better than that of frozen plasma
stored at approximately —20°C, refrigerated plasma at 4°C, or fresh plasma at room temperature.

Our study had some limitations. First, only plasma samples obtained from healthy subjects were used. The
stability of some coagulation tests and coagulation factor activities may be affected by the clinical states of patients
or drugs being taken. In addition, plasma samples with abnormal coagulation function or coagulation factor
activity may behave differently. Second, we used only one source of reagents (Siemens) and one type of collection
container. Third, our study was a single-centre study. Fourth, we did not study different freezing processes, such
as freezing with liquid nitrogen, freezing at —80 °C and storage at —20°C, or freezing at —20°C and storage at
—80°C. Our conclusions should be further validated by multicentre studies based on different study populations,
reagents, collection containers, and freezing processes.
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Figure 5. Percent changes of FVIII:C and FIX:C in samples stored for 15 days, 1 month, 3 months, 6 months,
and 1 year and detected by the CS5100 and CA7000 systems. 1: Samples stored at —80 °C and analysed by the
CS5100 system; 2: samples stored at —20 °C and analysed by the CS5100 system; 3: samples stored at —80°C
and analysed by the CA7000 system; 4: samples stored at —20 °C and analysed by the CA7000 system. The two
dotted lines in the figures represent plus or minus 10% changes.

SCIENTIFICREPORTS|7:12179 | DOI:10.1038/541598-017-11777-x 7



www.nature.com/scientificreports/

References

1.

2.

3.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lippi, G. et al. Quality standards for sample collection in coagulation testing. Seminars in thrombosis and hemostasis 38, 565-575
(2012).

Adcock Funk, D. M., Lippi, G. & Favaloro, E. . Quality standards for sample processing, transportation, and storage in hemostasis
testing. Seminars in thrombosis and hemostasis 38, 576585 (2012).

Adcock, D. M., Favaloro, E. J. & Lippi, G. Critical pre-examination variables in the hemostasis laboratory and their quality indicators.
Clinical Biochemistry 49, 1315-1320 (2016).

. L.J. Improvement of Hierarchical Diagnosis and Treatment System Under Deepening medical and Health Reform. Chinese Hospital

Management 34, 1-3 (2014).

. Yao, J. & Lv, G. Effect of pre-analytical variables on coagulation tests in hepatitis B patients. Blood Coagul Fibrinolysis 25, 761-764

(2014).

. Chao, S., Zhiming, S. & Weimin, Z. A nationwide investigation and analysis of present status of independent clinical laboratories in

China and suggestions. Chin ] Hosp Admin 27, 288-291 (2011).

. C.a.L.S. 1. C.and, L. S. I. 2008, Collection, Transport, and Processing of Blood Specimens for Testing Plasma-Based Coagulation

Assays and Molecular Hemostasis Assays; Approved Guideline. 5th ed. CLSI DocumentH21-A5. (Wayne, PA, 2008).

. Hewitt, R. E. Biobanking: the foundation of personalized medicine. Current opinion in oncology 23, 112-119 (2011).
. Zika, E. et al. A European survey on biobanks: trends and issues. Public health genomics 14, 96-103 (2011).
. Feng, L., Zhao, Y., Zhao, H. & Shao, Z. Effects of storage time and temperature on coagulation tests and factors in fresh plasma. Sci

Rep 4, 3868 (2014).

Zhao, Y. & Lv, G. Influence of temperature and storage duration on measurement of activated partial thromboplastin time, D-dimers,
fibrinogen, prothrombin time and thrombin time, in citrate-anticoagulated whole blood specimens. Int ] Lab Hematol 35, 566-570
(2013).

Cunningham, M. T. et al. Quality assurance in hemostasis: the perspective from the College of American Pathologists proficiency
testing program. Seminars in thrombosis and hemostasis 33, 250-258 (2007).

Lippi, G., Simundic, A. M., Rodriguez-Manas, L., Bossuyt, P. & Banfi, G. Standardizing in vitro diagnostics tasks in clinical trials: a
call for action. Annals of translational medicine 4, 181 (2016).

Lima-Oliveira, G., Adcock, D. M., Salvagno, G. L., Favaloro, E. J. & Lippi, G. Mixing of thawed coagulation samples prior to testing:
Is any technique better than another? Clin Biochem 49, 1399-1401 (2016).

Loeliger, E. A., van den Besselaar, A. M. & Lewis, S. M. Reliability and clinical impact of the normalization of the prothrombin times
in oral anticoagulant control. Thrombosis and haemostasis 53, 148-154 (1985).

Mulder, R. et al. Associations between high factor VIII and low free protein S levels with traditional arterial thrombotic risk factors
and their risk on arterial thrombosis: results from a retrospective family cohort study. Thrombosis research 126, €249-254 (2010).
Prelipcean, C. C. et al. [Liver cirrhosis—procoagulant stasis]. Revista medico-chirurgicala a Societatii de Medici si Naturalisti din Iasi
115, 678-685 (2011).

Ingerslev, J. Efficacy and safety of recombinant factor VIIa in the prophylaxis of bleeding in various surgical procedures in
hemophilic patients with factor VIII and factor IX inhibitors. Seminars in thrombosis and hemostasis 26, 425-432 (2000).

Bassus, S. et al. Platelet-dependent coagulation assays for factor VIII efficacy measurement after substitution therapy in patients with
haemophilia A. Platelets 17, 378-384 (2006).

Dzik, W. H., Riibner, M. A. & Linehan, S. K. Refreezing previously thawed fresh-frozen plasma. Stability of coagulation factors V and
VIIL:C. Transfusion 29, 600-604 (1989).

Gosselin, R. C., Honeychurch, K., Kang, H. J. & Dwyre, D. M. Effects of storage and thawing conditions on coagulation testing. Int |
Lab Hematol 37, 551-559 (2015).

Kuta, P.,, Hauck-Dlimi, B., Strobel, ., Zimmermann, R. & Eckstein, R. Quality of Clotting Factor Activity in Fresh Frozen Plasma at
Thaw with a Microwave System and after Storage at 4 degrees C for 48 Hours. Clinical laboratory 62, 987-991 (2016).

Lamboo, M. et al. Coagulation parameters of thawed fresh-frozen plasma during storage at different temperatures. Transfusion
medicine (Oxford, England) 17, 182-186 (2007).

van Geest-Daalderop, J. H., Mulder, A. B., Boonman-de Winter, L. ., Hoekstra, M. M. & van den Besselaar, A. M. Preanalytical
variables and off-site blood collection: influences on the results of the prothrombin time/international normalized ratio test and
implications for monitoring of oral anticoagulant therapy. Clin Chem 51, 561-568 (2005).

Philip, J., Sarkar, R. S. & Pathak, A. The effect of repeated freezing and thawing on levels of vitamin K-dependent coagulation factors
and fibrinogen in fresh frozen plasma. Asian journal of transfusion science 7, 11-15 (2013).

Woodhams, B., Girardot, O., Blanco, M. J., Colesse, G. & Gourmelin, Y. Stability of coagulation proteins in frozen plasma. Blood
Coagul Fibrinolysis 12, 229-236 (2001).

Gosselin, R. C. & Dwyre, D. W. Determining the effect of freezing on coagulation testing: comparison of results between fresh and
once frozen-thawed plasma. Blood Coagul Fibrinolysis 26, 69-74 (2015).

Ben-Tal, O., Zwang, E., Eichel, R., Badalbev, T. & Hareuveni, M. Vitamin K-dependent coagulation factors and fibrinogen levels in
FFP remain stable upon repeated freezing and thawing. Transfusion 43, 873-877 (2003).

Kor, D. J., Stubbs, J. R. & Gajic, O. Perioperative coagulation management—fresh frozen plasma. Best practice & research. Clinical
anaesthesiology 24, 51-64 (2010).

Contreras, M. et al. Guidelines for the use of fresh frozen plasma. British Committee for Standards in Haematology, Working Party
of the Blood Transfusion Task Force. Transfusion medicine (Oxford, England) 2, 57-63 (1992).

. Alesci, S., Borggrefe, M. & Dempfle, C. E. Effect of freezing method and storage at —20 degrees C and —70 degrees C on prothrombin

time, aPTT and plasma fibrinogen levels. Thrombosis research 124, 121-126 (2009).

Acknowledgements
This work was financially supported by grants from the Science Foundation of Health Bureau of Zhejiang
Province (2015KYA086) and the Zhejiang Provincial Natural Science Foundation of China (LY15H190002).

Author Contributions
L.M.E and Y.Z. designed the experiments. LMLE, Y.Z., ].Z., CM.C,, and R.J.G. performed the experiments. Y.Z.
and G.EE wrote the main manuscript text. All authors reviewed the manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFICREPORTS|7: 12179 | DOI:10.1038/541598-017-11777-x 8



www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS|7:12179 | DOI:10.1038/541598-017-11777-x 9


http://creativecommons.org/licenses/by/4.0/

	Effects of preanalytical frozen storage time and temperature on screening coagulation tests and factors VIII and IX activit ...
	Methods

	Subjects. 
	Ethics statement. 
	Assays. 

	Statistical Analysis

	Results

	Stability studies. 
	Scatter plots. 

	Discussion

	Acknowledgements

	Figure 1 Percent changes of PT in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and detected by the CS5100 and CA7000 systems.
	Figure 2 Percent changes of APTT in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and detected by the CS5100 and CA7000 systems.
	Figure 3 Percent changes of Fbg in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and detected by the CS5100 and CA7000 systems.
	Figure 4 Percent changes of TT in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and detected by the CS5100 and CA7000 systems.
	Figure 5 Percent changes of FVIII:C and FIX:C in samples stored for 15 days, 1 month, 3 months, 6 months, and 1 year and detected by the CS5100 and CA7000 systems.
	Table 1 Results for PT/INR, APTT, Fbg, TT, FVIII:C, and FIX:C detected by the CS5100 and CA7000 systems after storage for 15 days, 1 month, 3 months, 6 months, and 1 year.
	Table 2 Mean percent changes of PT/INR, APTT, Fbg, TT, FVIII:C, and FIX:C detected by the CS5100 and CA7000 systems after storage for 15 days, 1 month, 3 months, 6 months, and 1 year compared with the baseline values.




