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Abstract
Background—Severe bleeding after injury requires transfusion of blood products, including
fresh frozen plasma (FFP). Many centers are keeping thawed plasma (TP) ready for massively
transfused patients. According to the American Association of Blood Banks Standards, TP is
approved for transfusion up to 5 days after thawing, when stored at 1°C to 6°C. However, there
are no clinical data analyzing the effects of the approved 5-day storage on plasma. We hypothesize
that the hemostatic potential (HP) of freshly thawed (FFP-0) was superior to plasma stored for 5
days (FFP-5).

Methods—FFP from 30 single donors were thawed at 37°C and kept at 1°C to 6°C for 5 days.
HP was evaluated at day 0 and 5 by measuring kinetics of thrombin generation (TG), kinetics of
clot formation by thromboelastography, clotting factors and inhibitors, and cell-derived
microparticles (MPs) by flow cytometry.

Results—When comparing FFP-5 to FFP-0, FFP-5 exhibited only 40% of the potential of FFP-0
for TG (6.2 nM/min vs. 14.3 nM/min, p < 0.0001), a slower clotting response via
thromboelastography (reaction time: 4.3 minutes vs. 3.2 minutes, p < 0.0001) and a longer delay
in reaching maximum thrombus generation (5.7 minutes vs. 4.6 minutes, p < 0.01). Diminished
HP was accompanied by a significant decline in multiple coagulation proteins, including FV, VII,
VIII, von Willebrand factor, and free Protein S, by up to 30%, and a decrease of 50% in MP
counts.

Conclusion—The HP and clot forming ability of TP significantly declined with storage. Hence,
freshly TP may have a greater ability to restore hemostasis and correct coagulopathy compared
with FFP-5. The clinical consequences for transfused patients deserve further exploration.
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Hemorrhage remains a major cause of potentially preventable death after both civilian and
military severe traumatic injury, and transfused trauma patients are frequently
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coagulopathic. Several comprehensive reviews of traumatic coagulopathy indicate that the
mechanism of acute coagulopathy of trauma with hemorrhagic shock (ACoTS) is not fully
understood and is likely multifactorial.1,2 Cohen and coworkers have recently described the
relationship between acute traumatic coagulopathy in mice and generation of elevated
activated protein C (APC), suggesting APC may play a major role in development of
ACoTS.3,4 Patients with severe bleeding after major traumatic injury often require massive
transfusion (MT) of blood products including fresh frozen plasma (FFP), the early use of
which has been associated with improved survival.5 The improvement in survival with FFP
is conventionally assumed to be because of its hemostatic potential (HP) by delivery of
components necessary for hemostasis, which becomes depleted with hemorrhage, MT, and
crystalloid fluid resuscitation. Although this plasma HP is important, we have shown that
plasma also has profound effects on repairing endothelial permeability.6

The HP of FFP, as it relates to the ability to correct the hypocoagulable state of bleeding
patients, is likely the result of several parameters including coagulation factor activity,
presence or absence of inhibitors, and the procoagulant activity of cellular microparticles
(MPs). Recent data support transfusing earlier and greater amounts of FFP in MT patients.
To accommodate this change in practice, and improve the rapid availability of plasma in
emergency situations, many centers are using thawed plasma (TP) as an alternative for these
patients. Although TP has been shown to contain the same coagulation factors as FFP with
the exception of lower levels of FV and FVIII, there are no clinical data suggesting that the
efficacy of TP is equal to that of FFP. Thus, quantitative or qualitative declines of these
plasma components may result in reduced HP of TP.

FFP is prepared by centrifugation of whole blood with separation of plasma from cellular
components or by apheresis collection. If the separated plasma is frozen within 8 hours of
blood collection, it is labeled “FFP,” and if it is frozen within 24 hours, it is labeled “FP24.”
According to the American Association of Blood Banks Standards, FFP is thawed at 37°C
for 30 minutes to 40 minutes, after which it can be used in clinical situations within a 24-
hour period; if not used within the 24 hours, the thawed FFP can be relabeled and designated
as TP.7,8 Both FFP and FP24 are approved for transfusion up to 5 days after thawing, when
stored at 1°C to 6°C. We, and others, have shown that levels of coagulation factors in
plasma are variable and change with storage. However, there are no published studies
correlating the age of plasma and clinical outcomes. Furthermore, there are no studies
conclusively documenting what constitutes adequate levels of hemostatic components for
patients with ACoTS.

In this study, we applied a comprehensive set of in vitro measures to (a) further characterize
the HP and clot forming kinetics of FFP-0, FFP-5, and FP24-0, FP24-5; and (b) relate
changes in HP to the functional assays of clotting factors, physiologic inhibitors, and cellular
MPs.

METHODS
Plasma

Frozen plasma units from 30 single donors were obtained from the Gulf Coast Regional
Blood Center (Houston, TX). All the FFP units used in the study were donated and frozen at
the blood donation center <2 months before our experiment. The mean donor age was 42.5
years (range, 17–66 years), 47% were from male donors. Plasma samples were divided into
four groups according to plasma separation time from whole blood before freezing (FFP vs.
FP24) and a storage time after thawing (day 0 vs. day 5; Table 1). Fourteen plasma units
were FFP and the rest were FP24. Plasma units included different blood groups: 13O, 11A,
4B, and 2AB. The blood group O to non-O ratio was 1:1.8 in FFPs and 1:1 in FP24s. Frozen
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plasma was thawed in a water bath at 37°C according to standard operating procedures8 and
stored at 1°C to 6°C for 5 days. Aliquots were taken from each of the 30 TP units on day 0
(FFP-0 or FP24-0) and day 5 (FFP-5 or FP24-5), centrifuged, frozen, and stored at −80°C
until use for parallel testing. All plasma assays were measured concurrently to minimize
differences attributable to variable assay conditions.

Plasma samples were characterized for the following functional and quantitative measures:
(a) thrombin generation (TG), using the Calibrated Automated Thrombogram (CAT;
Thrombinoscope, Maastricht, Netherlands), using the platelet poor plasma-low (PPP-low),
platelet rich plasma, and MP reagents, providing reaction concentrations of 1 pM tissue
factor (TF)/4 μmol/L phospholipid (PL), 1 pM TF/no PL, and no TF/4 μmol/L PL,
respectively; (b) Thromboelastography (TEG 5000 Thromboelastograph Analyzer;
Hemoscope, Niles, IL), which measures the kinetics of clot formation and clot strength and
stability; and (c) residual cell and MP phenotypes, and MP procoagulant activity, using flow
cytometry and a functional prothrombinase assay (Zymuphen MP-activity; Hyphen BioMed,
Neuville-sur-Oise, France).

TG Assay
In this study, the HP of FFP and FP24 samples were analyzed by TG assay,9 using the CAT
(Thrombinoscope), with PPP and PPP-low reagents, providing reaction concentrations of 5
pM and 1 pM TF, and 4 μmol/L PL. The CAT assay renders a TG curve that provides
information on several parameters including the lag time (representing the time until initial
thrombin had formed [min], the thrombin peak height [nM thrombin], the time to peak
[ttPeak, min], the endogenous thrombin potential [reflects the area under the curve], and the
rate of TG [mean slope = peak height/{time to peak − lag time}]). When assayed in a donor
plasma unit, TG estimates its HP for correcting the impaired hemostasis in a patient when
transfused, whereas when assayed in a patient plasma sample, TG reflects current
intravascular functionality and hemostatic capacity of the plasma.

Thromboelastography
The kinetics of plasma clot formation and clot strength and stability were assayed by TEG
(TEG 5000 Thromboelastograph Analyzer).10 Clot formation was triggered with a
recombinant TF (Recombiplastin; Instrumentation Laboratory, Lexington, MA) final
concentration 3 pM. The analyzed TEG parameters included split point (SP, representing the
time to initial fibrin formation), reaction time to clot initiation (R), the speed of clot
propagation (α-angle), final clot strength as maximum amplitude (MA), and time to MA
(TMA). The analysis also included a set of parameters from the mathematical first derivative
of the standard TEG: maximum rate of thrombus generation (MRTG), time to MRTG
(TMRTG), and total thrombus generation, as potentially more sensitive measures of clot
growth.

Coagulation Factors and Inhibitors
Plasma samples were analyzed for a panel of coagulation factors and physiologic inhibitors
on the ACL TOP coagulation analyzer (Instrumentation Laboratory). Measurements
included prothrombin time, activated partial thromboplastin time, fibrinogen, coagulation
factors II, V, VII, VIII, IX, X, XI, XII, XIII, protein C (PC), free Protein S antigen and
activity, von Willebrand factor (vWF) antigen and activity, antithrombin, plasminogen,
plasmin inhibitor, and D-dimer. Thrombin-activatable fibrinolysis inhibitor (total) was
analyzed using an enzyme-linked immunosorbent assay (ELISA; American Diagnostica),
and protein C inhibitor (PCI) activity was measured by an in-house immunoassay.11
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Cellular MPs
Microparticle counts and phenotypes were analyzed by multicolor flow cytometry.12

Briefly, MPs were identified and defined as particles less than 1 μm in size. Phenotypes
include platelet (PMP), red blood cell, leukocyte, monocyte, endothelial cell, TF-positive,
and total Annexin-V-positive MPs, which were assayed using the following antibodies:
CD41-PE, CD235a-PE, CD45-PC5, CD14-FITC, CD144-PE, CD142-PE, and Annexin-V
FITC, respectively. Thirty microliters of plasma was mixed with 10 μL of lineage-specific
monoclonal antibodies or with Annexin-V FITC. After 30-minute incubation at room
temperature in the dark, samples were diluted in 1 mL of a 0.22 μm-filtered sheath fluid
(Isoflow, Beckman Coulter, Miami, FL) or Annexin-V binding buffer. The flowcount beads
(Flow-Count, Beckman Coulter) with known concentration were added to samples before
reading and used to calculate the absolute MP number per μL of plasma.

Statistical Analysis
The results are expressed as mean with SE of means (mean ± SEM) or median (interquartile
range) levels. Statistical differences between FFP-0 and FFP-5 and between FFP and FP24
were evaluated with a paired Student’s t test. Statistical comparisons of mean activities in
blood group O versus non-O, and male versus female plasma donors were accomplished
using an unpaired Student’s t test assuming either equal or unequal variance, as appropriate.
Pearson’s correlation coefficient (r) was calculated and tested for statistical significance to
determine correlation between two continuous variables. A p value of less than 0.05 was
considered statistically significant. Contributions of clotting factor changes between FFP-0
and FFP-5 to changes in CAT and TEG parameters were evaluated by multivariate
regression analysis, after adjusting for age, gender, and ABO blood group.

RESULTS
TG Assay

Analysis of thrombograms demonstrated significant changes in all parameters between day 0
and day 5. The largest decline was observed for the rate and the peak thrombin in FFP-5
(58.1% and 47.3%, both p < 0.0001) with PPP-low reagent, as shown in Table 2. Similarly,
comparison of FP24-0 and FP24-5 thrombograms demonstrated a statistically significant
decline in all parameters. When TG parameters were compared between FFP-0 and FP24-0,
higher values of thrombin peak and rate, and a shorter time to peak, were noticed in FP24
(Table 2). Representative tracings of single plasma day 0 and day 5 thrombograms with
PPP-low and PPP reagents are presented at Figure 1. When thrombogram parameters were
analyzed according to the time (duration) of whole blood storage before plasma separation,
there was a significant inverse correlation between the time of plasma separation and
changes in the rate of TG, and thrombin peak (Fig. 2). This association indicates the largest
decline in HP of plasma separated earlier. None of the CAT parameters were influenced by
donor’s age, gender, or ABO blood group (data not shown).

Thromboelastography
We have shown that TEG parameters (SP, R, TMA, and TMRTG) significantly change
during 5 days of refrigerated plasma storage (manuscript submitted), and that the removal of
MPs by filtration further reduces plasma clotting properties, significantly affecting MA and
G. In this study, we evaluated the effects of plasma preparation times on its clot forming
properties, and the results are presented in the Table 3. Noticeably, the majority of
parameters declined between day 0 and day 5 in FFP. This was also true for the FP24 with
the exception of MRTG, which was significantly higher in FP24-5 compared with FP24-0
(6.7 vs. 7.0, p < 0.02). However, comparison of FFP and FP24 revealed shorter SP, R, TMA,
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TMRTG, and higher MRTG in FP24, indicating its greater ability to form a clot compared
with FFP. There was no difference in TEG values when analyzed by donor’s age, gender, or
ABO blood group (data not shown).

Coagulation Factors and Inhibitors
The results for mean activities of coagulation factors and physiologic inhibitors in FFP-0
and FFP-5 for all ABO blood groups, expressed as a percentages of calibration plasma
which was referenced against WHO International Standards, and the percentages of change
in factors between FFP-0 and FFP-5 are presented in Table 4. During storage, multiple
factors decreased. We observed significant changes in 15 of 24 analytes in FFP-5 compared
with FFP-0. The largest decreases were noted for FV (30%), FVIII (24.5%), free Protein S
activity (23.4%), FVII (18.9%), and vWF activity (15.7%). There were no significant
changes in fibrinogen, FXIII, antithrombin, protein C, plasminogen, plasmin inhibitor, D-
dimer, and thrombin-activatable fibrinolysis inhibitor.

As expected, when factors were analyzed by blood group, the ABO blood group-dependent
variations in levels of FVIII and vWF were noted. Blood group O had significantly lower
activities of FVIII (67% [55–82%] vs. 99% [81–104%], p < 0.001) and VWF (81% [65–
93%] vs. 110% [95–128%], p < 0.01), and a longer activated partial thromboplastin time
(37.2 seconds [36.4–39.9 seconds] vs. 34.7s [33.2–36.6 seconds], p < 0.02) when compared
with non-O blood groups. The comparison of coagulation proteins by gender showed
significantly higher activity of plasmin inhibitor (105% [100–107%] vs. 93% [91–96%], p <
0.001), and lower activity of protein C inhibitor (90% [80–99%] vs. 103% [97–115%], p <
0.02), in females. There was no difference in factor levels by donor age.

When analyzed by the time of plasma separation, only FV declined significantly more in
FFP24 compared with FFP (37% vs. 27%, p < 0.01), whereas FVIII showed a trend toward
lower levels but did not reach statistical significance (data not shown).

Cellular MPs
The majority (95%) of MPs in plasma originated from platelets, and the rest from other
blood and vascular cells. When the PMP counts were analyzed in relation to duration of
whole blood storage (<8 hours vs. >8 hours and <24 hours) before plasma separation, a
significantly higher PMP count was observed in FP24-0 compared with FFP-0 (8,302/μL vs.
2,344/μL, p = 0.02). However, PMP levels declined both in FFP-5 and FP24-5 during
storage by 40% (p = 0.002) and 69% (p = 0.001), respectively, (Fig. 3). Furthermore, there
was a correlation between PMP count and time of plasma separation in FP24 but not in FFP.
This indicates longer blood storage, before plasma separation, may contribute to PMP
generation. The trend toward increased MPs of other cell types was also noted but did not
reach statistical significance (data not shown).

Multivariate Analysis
The results of a multivariate analysis identifying the association of changes in individual
variables with changes in plasma’s HP and ability to form a clot are presented in Table 5.

DISCUSSION
This study demonstrates that the standard 5-day storage of TP decreases the capacity to
generate thrombin, the central mediator of fibrin generation, and the ability to form a fibrin
clot. Both processes were significantly reduced in FFP-5 versus FFP-0. Multiple clotting
factors and PMPs also significantly declined. Interestingly, plasma prepared after extended
whole blood storage (>8 hours and <24 hours) retained better HP compared with plasma
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separated within 8 hours. These findings are particularly relevant at trauma centers whose
current protocols use TP so that they can infuse plasma sooner to massively bleeding trauma
patients, where ≈30% of severely injured patients are coagulopathic on admission.

By definition, each mL of fresh normal plasma should contain 1 IU of each coagulation
factor (=100%). However, there is significant variation in levels and activity of coagulation
factors in an individual blood donor, resulting in a wide “normal range.” The Council of
Europe requires testing of factor VIII levels in 10 randomly selected plasma units in the first
month of storage and indicates that plasma containing at least 0.7 IU/mL of FVIII is
satisfactory for transfusion.13 There are no requirements for evaluation of other clotting
factors. Regulatory agencies in the United States do not have similar guidelines.

FFP also contains cellular MPs, which interact with clot formation. Information about the
cellular MPs and their contribution to hemostatic capacity of stored blood products are
limited.14,15 Based on FDA Guidance for Industry and transfusion guidelines from other
regulatory agencies, it is assumed that TP transfused at day 5 will provide sufficient clotting
proteins to bleeding patients; however, there are no clinical data supporting this widely held
opinion. There are several reports describing the stability of common clotting factors in TP
under different storage conditions and/or preparation and preservation methods.16–18

However, functional measures presented in this study indicate that despite acceptable levels
of coagulation factor activity, the overall HP of TP is significantly reduced. In addition, the
decline in HP seems to be inversely correlated with the time of plasma separation, such that
the HP of FP24 decreases less than that of FFP.

TG is a key process that determines the extent of a hemostatic plug or a thrombotic process.
The thrombin burst is crucial for the formation of a stable fibrin clot. Thrombogram analysis
has been increasingly used in evaluating hemostatic capacity in various inherited or acquired
bleeding or thrombophilic conditions and is often correlated with the risk prediction for
bleeding or thrombosis.19,20 Dysregulated thrombogram results have been reported in
trauma patients with acute coagulopathy at admission; however, the association of an
abnormal laboratory measurement and clinical outcomes was not explored.21

As mentioned previously, ACoTS is the acquired hypocoagulable state that occurs in the
most severely injured patients who often require MTs. The mechanism of the ACoTS seems
to be multifactorial and is not fully understood. It is the sum of the effects of blood loss and
dilution, coagulation factor and platelet consumption, hypothermic platelet dysfunction,
acidosis-induced decreases in coagulation factor activity, and fibrinolysis. Recent research
showed that the combination of trauma and shock in patients and in mouse model was
associated with an activation of PC, early coagulopathy, and poor outcomes.3,4 Once
generated, APC exerts its anticoagulant effects by irreversibly inactivating factors Va and
VIIIa and through derepression of fibrinolysis by directly inhibiting plasminogen activator
inhibitor. However, the mechanism of this PC activation is, as yet, unknown. Importantly, if
elevated APC is a major player in the ACoTS, not only is the HP of transfused plasma
important but also the ability of that plasma to generate thrombin in the presence of elevated
APC.

The present data show significant decreases in multiple coagulation factors, which has been
widely reported.16–18 Similarly, the inherent variability in coagulation factors between
individual donors is well described. The activities of the factors V, VII, and VIII, free
Protein S, and vWF decreased with storage of TP. With the exception of decreased levels of
factor V, there was no major difference between FFP and FP24. According to current
opinion, TP contains hemostatic levels of coagulation factors necessary for bleeding
patients. Restoring in vivo clotting function toward normal is widely considered important in
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patients with massive hemorrhage and severe hemorrhagic shock. In cases of massive blood
loss requiring infusion of large amounts of asanguineous fluids and blood products,
coagulation factors are reduced to 30% of normal levels after the loss of one blood volume
(10 units of blood components) and to 15% after the loss of two blood volumes. Although
30% to 40% is considered to be a minimum individual factor activity level required for safe
surgical hemostasis in euvolemic and normothermic surgical patients,22 there are no data
regarding factor activity levels required for hemostasis in severely injured patients suffering
from hypothermia, acidosis, hemodilution, and multiple coexisting factor depletions. The
potential clinical significance of transfusing a plasma product with preserved HP, especially
in MT patients, is clear. At the very least, clinicians should be knowledgeable about the
products they are ordering and receiving from the blood bank.

Our results show that although individual factor levels remained above 50% of normal levels
in TP stored for 5 days, the overall HP significantly diminished by as much as 58%. When
multiple in vivo factors are depleted, which is often the case in major trauma with bleeding,
it is difficult to estimate the necessary factor levels for adequate hemostasis, and it is likely
that replacement with a plasma product (FFP-5 or FP24-5) that has decreased factor activity
levels will be inadequate to restore in vivo hemostatic capacity. The results further indicate
that global functional tests of hemostasis, TG and TEG, are likely a better reflection of the
HP of plasma to support adequate hemostasis than the simple retention of clotting factor
levels.

Interestingly, a recent report indicated that low plasma thrombin peak (<100 nM) was
associated with ongoing bleeding in patients during major surgery. Furthermore, either
impaired TG or insufficient fibrin clot formation was present in 88% to 93% of patients with
acquired dilutional coagulopathy during major surgery, whereas both tests were low in 50%
to 59% of cases with bleeding.23 Hence, transfusing plasma or other hemostatic products
with preserved and persistent HP for the TG and clot formation, especially in MT patients, is
likely of great significance. Importantly, studies are still required to evaluate their clinical
efficacy.24

Our studies demonstrated that platelet-derived MPs decreased significantly during storage,
contributing to a lower HP of TP. MPs are small cellular membrane fragments (<1 μm) shed
from activated or apoptotic blood and EC.25 They express PS, adhesion receptors, and TF,
rendering them highly procoagulant. MPs are considered essential for hemostasis, as they
expose PLs on their surface, providing binding sites for activated clotting factors.
Comparison of MP levels in FFP and FP24 revealed increased levels of PMPs in FP24,
suggesting cell-derived MPs, generated during extended blood storage, contribute to
functional hemostasis in stored plasma.26 Lawrie et al.14 reported elevated red blood cell-
derived MPs in overnight stored whole blood before separation of plasma. This finding is in
line with reports of increased PMPs in platelet concentrates during storage. The clinical
relevance of PMPs in supporting coagulation was documented in leukemic and
thrombocytopenic patients, showing that patients with high levels of circulating PMPs did
not bleed despite having low platelet counts. In addition, the presence of high levels of
PMPs in cryoprecipitate is considered to contribute to its therapeutic effects in bleeding
patients,15,27 and it has been reported that PMPs have 100-fold higher procoagulant activity
than platelets. The combined activities and interactions of clotting factors, inhibitors, MPs,
and other plasma components contribute to plasma’s overall hemostatic phenotype as a
determinant of its hemostatic capacity. However, the physiologic and pathophysiological
roles of circulating MPs generated intravascularly from various blood and vascular cells are
largely unknown and can be beneficial or deleterious depending on the endogenous disease
state. They may have potent prothrombotic and proinflammatory effects and potentially
modify vascular functions.28
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This study has several potential limitations. First, FFP and FP24 were collected from
different donors, and we might have either under- or overestimated the differences between
the two. Ideally, one should compare pairs of FFP and FP24 prepared from same donor.
Second, studies were performed only at day 0 and day 5, not at other periods in between;
therefore, we do not know if there is a point where HP decreases abruptly or if it is gradual.
Third, to minimize differences attributable to variability in assay conditions, reagent lot
numbers, or substrates, plasma aliquots were refrozen and assayed later concurrently under
the same assay conditions. Keeping in mind the large number of different assays performed
on plasma samples, this would not be feasible otherwise. Importantly, since the storage at
ultra low temperatures minimizes analyte degradation and all the samples in our study were
treated in the same manner, we believe that refreezing process likely did not have any
significant impact on analyte activity. Furthermore, we did not evaluate the different
hemostatic capacity of TP at the various temperatures common to severely injured trauma
patients. Finally, we did not evaluate the effects of the length of FFP storage before thawing
and testing. As all the FFP units used in the study were donated and frozen at the blood
donation center <2 months before our experiment, we believe this short storage time
(compared with 1 year of storage limit allowed by the American Association of Blood
Banks Standards) did not have any significant effects on measured analytes. The greatest
limitation is the lack of data regarding correlation of these in vitro tests with clinical
outcomes. The separation of blood banking storage practice from clinical results is an area
of clinical practice and research that must be reconciled.

Trauma and hemorrhagic shock result in major perturbations of the coagulation system and
significant and systemic damage to endothelium. Our recent study showed freshly TP had
beneficial effects on endothelial permeability, vascular stability, and resuscitation in an
animal model of HS, whereas aged plasma exacerbated the permeability and inflammation
of endothelial cells in vitro.6 The clinical consequences for patients transfused with TP
possessing decreased HP, insufficient TG capacity, and delayed clot propagation warrant
further in vivo investigation. The clinical benefits versus risks associated with transfusion of
TP need to be evaluated.

Multiple studies have already shown an association between poor outcome and the age of
transfused blood.29,30 On the basis of the multiple levels of degradation affecting HP of
stored TP, we hypothesize a similar correlation between TP and adverse clinical outcomes,
especially in MT trauma patients. In summary, we have demonstrated that the HP and clot
forming ability of TP declines over 5 days of refrigerated storage. The clinical consequences
for transfused patients are uncertain and deserve further in vivo exploration.
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Figure 1.
Representative thrombogram tracings of FFP-0 and FFP-5 with PPP-low and PPP reagents.
HP of plasma significantly decreased on day 5.
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Figure 2.
Correlations of the plasma separation time with changes (Δ, %) in CAT parameters: (A)
peak thrombin, and (B) rate of TG.
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Figure 3.
PMP levels in FFP-0, FFP-5, FP24-0, and FP24-5. PMP levels were significantly higher in
FP24-0 compared with FFP-0. However, PMP levels declined both in FFP-5 and FP24-5
during storage by 40% and 69%, respectively.
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TABLE 1

Plasma Groups Definitions

Group Label Assay Conditions Criteria

I FFP-0 (n = 14) Freshly thawed plasma, day 0 Plasma separated and frozen within 8 h of blood collection (<8 h)

II FFP-5 (n = 14) Refrigerated thawed plasma, day 5 Plasma separated and frozen within 8 h of blood collection (<8 h)

III FP24-0 (n = 16) Freshly thawed plasma, day 0 Plasma separated and frozen within 24 h of blood collection (>8 h and <24
h)

IV FP24-5 (n = 16) Refrigerated thawed plasma, day 5 Plasma separated and frozen within 24 h of blood collection (>8 h and <24
h)
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TABLE 4

Coagulation Factors and Inhibitors in Thawed Plasma Day 0 and Day 5 (All ABO Groups)

Analyte Day 0 Day 5 % Change p*

Prothrombin time (sec) 11.2 (10.7–11.6) 13.3 (12.7–13.8) 18.5 <0.0001

International normalized ratio 1.02 (0.97–1.05) 1.2 (1.15–1.25) 18.8 <0.0001

Activated partial thromboplastin time (sec) 36.4 (33.7–37.7) 39 (36.8–42.7) 9.5 <0.0001

Fibrinogen (mg/dL) 299 (272–323) 297 (267–331) 1.0 NS

Factor II (%) 95.5 (90.5–105.4) 90.5 (85.8–96.9) 5.5 <0.0001

Factor V (%) 73.2 (69.3–86.7) 53.1 (41.8–61.5) 30.0 <0.0001

Factor VII (%) 97.1 (85.2–116.3) 77.2 (69.8–94.1) 18.9 <0.0001

Factor VIII (%) 83.6 (68.5–99.3) 59.9 (47.8–73.9) 24.5 <0.0001

von Willebrand factor antigen (%) 117.9 (85.6–155.6) 100.5 (74.8–145.1, 55.3) 8.3 <0.01

von Willebrand factor activity (%) 102.4 (79.1–122.3) 77.6 (47.4–103.5) 15.7 <0.0001

Factor IX (%) 112.3 (100.9–115.9) 104.5 (97.8–106.7) 6.0 <0.0001

Factor X (%) 94.2 (85.2–102.8) 93.1 (83.7–97.8) 2.4 <0.0001

Factor XI (%) 94.6 (85–102) 91.9 (82.2–100.6) 2.8 <0.001

Factor XII (%) 104.6 (87–114.4) 99.3 (84.4–116.2) 1.1 <0.05

Factor XIII (%) 110 (90.9–126) 102.8 (89.8–116.2) 2.6 NS

Antithrombin (%) 96 (93–104) 96 (91.5–102.5) 0 NS

Protein C (%), chromogenic 99 (91–114.5) 99 (93–114.5) 0 NS

Protein C (%), clotting 103.6 (93.7–123.1) 106.2 (96–126) −0.6 NS

Free Protein S antigen (%) 93.7 (82.2–99.3) 90.8 (79.9–98.1) 2.1 <0.001

Free Protein S activity (%) 87.5 (71.8–100.4) 64.4 (53.3–77.9) 23.4 <0.0001

Plasminogen (%) 92.2 (84.9–100.3) 92.1 (85.4–99.7) 0.2 NS

Plasmin inhibitor (%) 99.2 (92.3–105.4) 99.4 (92.7–105.1) 1.0 NS

D-dimer (ng/mL) 148 (119–255) 167 (113–261) 3.5 NS

Protein C inhibitor (%) 97 (88–108.3) 94 (84.3–106) 3.5 0.02

Thrombin-activatable fibrinolysis inhibitor (%) 82 (71.5–91.8) 80.5 (74.8–91.5) 1.2 NS

Values are represented as median (interquartile range).

*
Statistical significance of the difference between day 0 and day 5.
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