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BACKGROUND: Plasma can be manufactured by multiple methods. Few studies have compared quality parameters between plasma products that may
affect efficacy and safety.

METHODS: Four different plasma products were analyzed to include fresh frozen plasma (FFP), liquid plasma (LP), solvent detergent plasma (SDP),
and a spray-dried, solvent detergentYtreated plasma (SD-SDP) at multiple time points of storage. Parameters measured included red
blood cell, platelet, and white blood cell counts; microparticle phenotypes; thrombin generation; and thrombelastography. These
parameters were compared in 10 samples of each product.

RESULTS: SDP and SD-SDP contained the smallest number of residual cells compared with FFP and LP. Platelets were the most common residual
cell in all products andwere highest in LP. FFP contained the greatest number of residual red blood cells. Total microparticle counts were
elevated in LP and FFP compared with SDP and SD-SDP. Cell-derivedmicroparticles in both LP and FFPwere mostly platelet in origin.
Microparticle counts in SDP and SD-SDP were negligible. Thrombelastography results demonstrated similar thrombin, fibrinogen, and
platelet function on Day 28 LP compared with Day 5 thawed FFP. Thrombin generation assays revealed that the total, lag time to, and
peak thrombin formation were higher in SDP and SD-SDP compared with FFP and LP. All parameters in FFP and LP products
were characterized by a large degree of variability.

CONCLUSION: The differences in cellular, microparticle, and functional hemostatic parameters measured between plasma products have the potential to
affect efficacy and safety. Further study is needed to elucidate the potential immune effects of the cellular and microparticle differences
noted as well as the clinical implications of altered thrombin generation kinetics in SD products. (J Trauma Acute Care Surg. 2015;78:
S18YS25. Copyright * 2015 Wolters Kluwer Health, Inc. All rights reserved.)
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The number of plasma transfusions in the United States has
been steadily increasing for the past few decades, from less

than 2 million units a year in 1979, to 3 million to 4 million units
currently transfused per year.1 For decades, fresh frozen plasma
(FFP) was the only product available, but recently, several other
types have come onto the market. FFP, plasma frozen at 24 hours
(PF-24), and liquid plasma (LP) are single-donor products pre-
pared by separating plasma from whole blood units or by
apheresis collection. FFP and PF-24 are frozen atj20-Cwithin
8 hours and 24 hours of collection, respectively, whereas LP is

never frozen but rather stored at 2-C to 6-C for up to 28 days. In
contrast, solvent detergentYtreated plasma (SDP) products are
made from pools of approximately 1,000 FFP units. SDP has
been available to patients in Europe for decades, with more
than 14 million units transfused. In 2013, the Food and Drug
Administration (FDA) licensed Octaplas (Octapharma USA
Hoboken, NJ), a solvent detergentYtreated product for use in the
United States. In addition, a spray-dried SDP product called
Resusix, based on the SDP manufactured by Kedrion in Italy is
under development by the US Office of Naval Research and the
US Department of Defense. The pooling and solvent detergent
treatment processes performed to manufacture the Octaplas and
Kedrion products are similar.

The FDA allows FFP and PF-24 to be thawed and stored at
1-C to 6-C for 5 days. The AABB, in contrast, allows these
thawed plasma products to be stored at 1-C to 6-C for up to
5 days.2 A 24-hour period for thawed plasma storage is the
standard in many European countries because of concerns over
reduced efficacy as a consequence of decreases in coagulation
factors, most significantly in factors V and VIII. FDA licensing
of Octaplas restricts storage at 2-C to 4-C for 12 hours, with no
additional storage time permitted by the AABB.3

Very few studies have compared in vitro plasma product
characteristics that may affect quality, at the limit of storage
duration. In fact, clinical trials examining the efficacy and
safety of different plasma products are also lacking. Recently, a
report indicated that LP retained superior hemostatic capacity
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out to 26 days compared with FFP-derived thawed plasma at
Day 5.4 The authors concluded that their findings were probably
caused by higher platelet counts and platelet-derived micro-
particles in LP. Microparticle content and phenotypes are of
particular interest since their cellular origin may potentially have
either beneficial or harmful clinical consequences.5Y23 The ob-
jective of this study was to analyze multiple metrics that include
residual cell counts, microparticle phenotypes, and functional
hemostatic measures of different plasma products. These de-
scriptive data are intended to stimulate further exploration into
the clinical relevance of our findings in critically ill patients who
require plasma transfusions.

MATERIALS AND METHODS

Ten units of each plasma product tested were analyzed.
FFP and LP were purchased from the Blood Centers of the
Pacific. Entegrion, Inc., provided the SDP and SD-SDP (the
SDP used to make SD-SDPwas manufactured by Kedrion). All
FFP units were type AB, SDP units were from one Type A lot,
SD-SDP units were from one Type AB lot, and nine LP units
were Type O and one was Type B. FFP and SDP were thawed at
37-C and stored at 2-C to 6-C for 5 days. SD-SDP was re-
constituted according to the manufacturer’s instructions and
stored at 2-C to 6-C for 24 hours. LP was shipped at 4-C to 6-C
from San Francisco from Blood Centers of the Pacific to St.
Louis; thus, the earliest it could be tested was Day 3. LP was
stored for 28 days at 2-C to 6-C. The FFP and LP were not
leukocyte reduced after collection.

The sampling times for each of the plasma products were
as follows: FFP, Time 0 and Days 3 and 5 after thaw; LP, Days
3, 14, and 28; SDP, Time 0 and Days 3 and 5 after thaw; SD-
SDP, Time 0 and 24 hours after reconstitution. FFP stored at
4-C for up to 5 days is commonly called thawed plasma; as a
result, this term is used throughout the article for this product.

Laboratory Methods
Platelet-Poor Plasma Preparation

Platelet-poor plasma (PPP) was prepared by centrifuga-
tion (2,500 G) for 15 minutes and stored at j80-C. For flow
cytometry assays, frozen PPP aliquots were thawed for 10 mi-
nutes at 37-C and analyzed within 2 hours.

Microparticle-Poor Plasma Preparation
Microparticle-poor plasma (MPP) was prepared for

thrombin generation assay testing by centrifuging PPP plasma
at 25,000 G for 30 minutes; it was stored at j80-C.24Y26

Residual Cell Count Determination
Residual cells were determined by an automated cell

counter (Sysmex XN-3000) and by flow cytometry (Becton
Dickinson Accuri C6). The automated cell counter was oper-
ated in body fluid mode to accurately quantitate rare events. For
confirmation, 5 mL of plasma of each product was centrifuged
at 3,000 G for 10 minutes, the supernatant removed, and the
pellet reconstituted with 500 KL of phosphate buffer solution.
The lower limits of detection were defined as the concentration
of cells with coefficient of variation of less than 10% and found

to be 1,000, 5, and 1,000 cells per microliter for red blood cell
(RBC), white blood cell (WBC), and platelets, respectively.

Flow cytometry was performed as described by Matijevic
et al.4 Briefly, 10 KL of each plasma product was incubated
with lineage-specific monoclonal antibodies to identify RBCs
(CD235a-APC), platelets (CD41a-PerCP-Cy5.5), and leuko-
cytes (CD45-PE-Cy7) for 15 minutes in the dark. After incu-
bation, samples were diluted with stain buffer up to a total
volume of 1 mL. Sample gating was set using the unstained
sample. APC-, PerCP-Cy5.5Y and PE-Cy7Yconjugated isotype
control mouse IgGwere negative controls. Threshold setting and
data acquisition was performed according to software manu-
facturer recommendations (BD C6 Accuri Cytometer).

Microparticle Phenotyping
Phosphatidylserine-positive (annexin V+) microparticles

with cellular origins from platelets, RBCs, leukocytes, and en-
dothelial cellYderived microparticle (MP) phenotypes were
analyzed in PPP samples using the following antibodies with
the BD C6 Accuri flowcytometer: annexin V-FITC, CD41a-
PerCP-Cy5.5, CD62P-APC, CD235a-APC, CD47-PerCP-Cy5.5,
CD45-PE-Cy7, CD66b-PerCP-Cy5.5, CD3-PE, CD14-APC,
CD154-APC, CD105-PE, CD144-PerCP-Cy5.5, CD62E-APC,
CD106-APC, CD142-PE, and CD35-PE. BDTruCOUNT tubes
quantified absolute MP counts within different plasma products.
Small Bead Calibration Kits (Bangs Laboratories) were used to
measuremicroparticleswithin the constant regionof 0.2Kmto1Km
(Supplemental Digital Content 1, http://links.lww.com/TA/A554).
Positive control acquisition was based on full stains minus one,
and the compensation was set against antibody capture beads
with single and tandem fluorochromes. The potential clinical
relevance of each of the microparticles measured is listed in
Supplemental Digital Content 2, http://links.lww.com/TA/A554.
Ten microliters of PPP from each plasma product was incubated
with 2 KL of lineage-specific monoclonal antibodies with or
without 2KL of annexin V (in the presence of 2.5-mMCaCl2) for
30 minutes at room temperature in the dark. After incubation,
sampleswere dilutedwith stain buffer or annexinV binding buffer
up to a total volume of 300KL.Data acquisitionwas performed as
suggested by the software manufacturer (BD C6 Accuri).

Coagulation Parameters
Thrombelastography (TEG) testing was performed with

kaolin activation of 340 KL of plasma in standard TEG cups
with 20 KL of 0.2-M CaCl2 in FFP and LP samples only. The
absence of phospholipids and platelets in SDP and SD-SDP
samples does not allow for clot formation with standard
kaolin-activated TEG testing. Clot reaction time (R time), $R
time (R time j split point time), clot formation time (K time),
propagation time (> angle), maximum clot amplitude (MA),
and shear elastic modulus (G value) were determined. The $R
time is thought to reflect thrombin generation more accurately
than the R time;27,28 however, this concept has not been well
studied; thus, both values are reported.

Thrombin production was determined by a thrombin
generation assay, using the Calibrated Automated Thrombogram
(CAT) (Thrombinoscope).29 Thrombin generation reaction was
triggered by PPP-low reagent that produces 1-pM TF final
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concentration in a sample. Each samplewas analyzed in triplicate,
and the data were averaged.

Statistical Analysis
Continuous demographic and clinical variables are re-

ported as mean (SD) if parametric or median with interquartile
range (IQR) if nonparametric and categorical variables as counts
and percentages. Continuous data were assessed with the Stu-
dent’s t test or Wilcoxon rank-sum test, as appropriate. Data for
more than two groups with single time measurement were
assessed with one-way analysis of variance (ANOVA). Data for
more than two groups of data with repeated measures were
assessed with two-way ANOVA with Bonferonni postadjust-
ment as appropriate. Comparisons were considered significant if
the two-sided p value was G0.05. Analyses were performed
using SAS and GraphPad Prism.

RESULTS

Residual Cell Counts
In general, platelets were themost common residual cell in

the plasma products tested, with more detected in LP than SD or
SD-SDP by both counting methods (Table 1). Residual RBCs
were low in all products and were significantly increased in FFP
compared with SD-SDP by the Sysmex method only. WBC
counts were low in all plasma products and marginally higher in
LP and SD-SDP than in SD by Sysmex counting and higher in
LP compared with FFP and SD-SDP by flow cytometry.

Microparticle Count and Phenotypes
Total annexin V+ and specific MP phenotype absolute

counts are reported in SDC 3, http://links.lww.com/TA/A554.

Concentrations for each plasma product tested for annexin V+

microparticles (total, platelet-derived [CD41a], and RBC-
derived [CD235a and CD47]) over multiple time points are
displayed in Figure 1. The number of microparticles from any
cellular source is negligible in SDP and SD-SDP. After ad-
justment for multiple comparisons, platelet-derived micropar-
ticles are the most common subtype in LP and thawed FFP.
CD235a+ microparticles increased over time in thawed FFP,
from Day 0 to Day 5. For Day 3 LP, CD41a-positive micro-
particle counts were higher than for CD235a and CD47 by
ANOVA (p G 0.0001). For Day 0 FFP, CD41a-positive mi-
croparticle counts were higher than for CD235a and CD47 by
ANOVA (p G 0.005). Measurements of leukocyte-derived
(CD45+) microparticles in FFP and LP were numerically in-
creased but not significantly, compared with SDP and SD-SDP
(Supplemental Digital Content 4, http://links.lww.com/TA/A554).
The number of unspecified microparticles (total microparticles j
sum of all analyzed) were numerically higher in FFP and LP
compared with SDP and SD-SDP (Supplemental Digital Content
3, http://links.lww.com/TA/A554).

TEG Analysis
Kaolin activation did not cause clot formation in SDP and

SD-SDP samples; thus, these data are not shown. After adjust-
ment for multiple comparisons, as storage duration of thawed
plasma increased, the time to initial fibrin formation (increasedR
time and $R time) and fibrinogen function (K time and > angle)
did not change significantly (Table 2). Clot strength (MA and G
values) also did not change over time in thawed FFP, but the
baseline (Day 0)measurementwas significantly lower thanDay3
LP, which contained increased platelets compared with Day
0 thawed FFP. All TEG parameterswere similar for LP at Day 28
compared with Day 5 thawed FFP. There was no measurable
fibrinolysis in either thawed FFP or LP at any time point.

Thrombin Generation
Figure 2 displays thrombin generation assay results over

time, and Figure 3 shows the individual sample curves on the
first day of analysis, demonstrating the variability found within
FFP and LP products compared with SDP and SD-SDP, which
were obtained from the same batch of pooled plasma. After
adjustment for multiple comparisons, there was no significant
difference for thrombin generation lag time between products
compared, except for Day 28 LP compared with Day 5 SDP
(Fig. 2A). Endogenous thrombin potential (ETP), a measure of
total thrombin formed, was highest in SDP and thawed FFP on
Day 0 and decreased over time in thawed FFP (Fig. 2B). ETP
values were increased for Day 5 SDP compared with both Day
5 thawed FFP and Day 28 LP, whereas the ETP values were
similar between Day 5 thawed FFP and Day 28 LP. Thrombin
peak values were significantly higher for Day 0 SDP than for
SD-SDP. Thrombin peak values were also significantly higher
for Day 5 SDP compared with Day 5 thawed FFP and Day 28
LP. Day 5 thawed FFP and Day 28 LP had similar ETP values.
Thrombin peak values decreased over time significantly in
thawed FFP and SDP (Fig. 2C).

To assess if the microparticles in each product tested
affected thrombin generation, PPP samples were compared
with MPP samples (Table 3). After adjustment for multiple

TABLE 1. Residual Cell Counts According to Sysmex Cell
Counter and Flow Cytometry for Each Plasma Product at Day
0 for FFP, SDP, and SD-SDP, and Day 3 for LP

Sysmex

Median (IQR), cells/KL

RBC WBC Platelets

FFP 100 (0.0Y125)* 0.5 (0.0Y25.3) 800 (450Y1,450)**

LP 0 (0.0Y100) 4.5 (0.0Y12.5)† 2,500 (1,800Y3,950)†‡

SD 0 (0.0Y0.0) 0 (0.0Y1.3)†¶ 0 (0.0Y0.0)**†
SD-SDP 0 (0.0Y0.0)* 5 (4.0Y10.0)¶ 200 (175Y225)‡

Flow cytometry

Median (IQR), cells/KL

RBC WBC Platelets

FFP 233.5 (103.8Y415.8) 0.0 (0.0Y9.5)|| 959.0 (784.8Y1,514.0)*||

LP 203.0 (145.3Y316.8)23.5 (3.0Y46.8)‡|| 8,454 (4,767Y22,424)†‡||

SD 125.5 (83.0Y210.0) 7.0 (3.0Y9.8) 700.5 (303.8Y782.0)†

SD-SDP 186.5 (172.8Y225.8) 1 (0.0Y3.0)‡ 294 (269.5Y422.5)*‡

*Significant between FFP versus SD-SDP.
**Significant between FFP versus SDP.
†Significant between LP versus SD.
‡Significant between LP versus SD-SDP.
¶Significant between SD versus SD-SDP.
||Significant between FFP versus LP.
Values presented as median with IQR. For all significant comparison, p e 0.05.
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comparisons, there was increased thrombin generation in FFP
and LP samples at all time points in PPP versus MPP samples,
as expected. There was no difference in PPP versus MPP in

both of solvent detergentYwashed plasma, which was also
expected because of very low counts of microparticles detected
in both of these plasma products.

Figure 1. Microparticle concentrations in each plasma product at multiple storage duration times. *FFP D0 versus LP D3 versus SDP
D0 versus SD-SDP D0. #FFP D3 versus LP D14 versus SDP D3. &FFP D5 versus LP D28 versus SDP D5 versus SD-SDP D1. ^Within
products. Graphs depicted as median values with IQR. For all significant comparison, p e 0.05.

TABLE 2. TEG Parameters for Plasma Products at Multiple Time Points of Storage Duration

TEG Parameters (Reference Value) Thawed FFP Day 0 Thawed FFP Day 3 Thawed FFP Day 5 LP Day 3 LP Day 14 LP Day 28

R time (5Y10 min) 7.9 T 1.2 11.9 T 2.6 12.0 T 1.6 12.0 T 1.4 11.4 T 1.0 13.3 T 1.5

$R time (0.7Y1.1 min) 0.6 T 0.1 0.4 T 0.1 1.0 T 0.3 0.9 T 0.2 1.0 T 0.2 1.9 T 0.8

K time (1Y3 min) 2.1 T 0.5 2.2 T 0.7 2.7 T 0.7 2.5 T 0.6 2.9 T 0.7 3.4 T 0.9

> angle (53Y72 degrees) 67.6 T 1.5 66.6 T 5.0 59.3 T 5.2 61.1 T 2.3 58.5 T 4.2 50.3 T 6.2

MA (50Y70 mm) 27.4 T 1.2* 28.3 T 0.9 28.5 T 0.6 41.9 T 3.7*** 32.4 T 2.8 28 T 2.3**

G value (4.5Y11 Kd/sc) 1.9 T 0.1* 2.0 T 0.1 2.0 T 0.1 3.9 T 0.5***† 2.5 T 0.3† 2 T 0.2**

*Significant between FFP D0 versus LP D3.
**Significant between LP D3 versus LP D28.
†Significant between LP D3 versus LP D14.
Values presented as mean T SEM. For all significant comparison, p e 0.05.
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DISCUSSION

This is the first study to compare multiple characteristic
measures of plasma to include residual cell counts, microparticle

counts according to phenotype, and hemostatic parameters be-
tween single-donor, pooled, and spray-dried plasma products.
Surprisingly, plasma quality measures in the United States have
not been previously established. The FDA does not require
specific quality parameters or criteria for plasma but rather
licenses the plasma processing method. Conversely, the Euro-
pean Union has established plasma criteria including pH
(6.5Y7.6), osmolality (minimum of 240 mOsm/kg), total protein
content (minimum of 45 g/L), absence of irregular RBC anti-
bodies, hepatitis Avirus antibody levels, and coagulation factor
concentration ranges. The coagulation factor criteria include
factors VIII, V, XI, (90.5 IU/mL), protein C (90.7 IU/mL), and
>-2 antiplasmin (90.2 U/mL). These parameters provide an
initial framework to establish a more thorough panel of quality
measures that are also clinically relevant.

Another emerging measure of plasma efficacy may also
be its ability to protect or restore endothelial function during
acute hemorrhage. Future quality metrics should assess
plasma’s ability to prevent or treat the endotheliopathy of
trauma,30,31 a condition characterized by endothelial dys-
function, barrier integrity compromise, deregulated coagula-
tion, and overt inflammation. Previous studies comparing FFP
with SDP and SP-SDP revealed similar efficacy in restoring the
endothelium and reducing inflammation within the pulmonary
endothelium32 both in vitro and in animal models.

The implementation of damage-control and hemostatic
resuscitation principles at many large tertiary care centers has
greatly increased the need for immediately available plasma.
Simultaneously, physicians are placing greater emphasis on
optimization of risk-benefit profiles and looking for products
with enhanced safety profiles that do not compromise efficacy.
Well-designed studies that examine efficacy and safety of
plasma products available have not been performed because
hospitals shift to immediately available plasma products for
severe hemorrhage. Data from the Department of Health and
Human Services indicate that the vast majority of all plasma
being transfused in the United States in 2008 was either FFP
(54%) or PF-24 (27%) and that thawed plasma use was neg-
ligible. Just 3 years later, the use of FFP and PF-24 had de-
clined to 37% and 33%, respectively, and thawed plasma
increased to 30% in the absence of any reported safety or
efficacy data.33

Despite a 10-fold higher platelet count in the LP samples
tested by Matijevic et al.,4 our data are consistent with their
recently published results comparing FFP-derived thawed
plasma to LP. Both studies found that there was no difference
between Day 5 thawed plasma and Day 28 LP for clot firmness
(MA and G value), and thrombin generation parameters. An
initial evaluation of endothelial function also reported that
there were similar in vitro endothelial protective effects when

Figure 2. Thrombin generation assay results for plasma
products at multiple storage duration times and individual
curves for each plasma product at initial storage time tested.
*FFP D0 versus LP D3 versus SDP D0 versus SD-SDP D0. #FFP D3
versus LP D14 versus SDPD3. &FFP D5 versus LP D28 versus SDP
D5 versus SD-SDP D1. ^Within products. Graphs depicted as
median values with IQR. For all significant comparison, p e 0.05.
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Day 5 thawed FFP was compared with Day 28 LP.34 If similar
hemostatic and endothelial efficacy of Day 28 LP compared
with Day 5 thawed FFP is demonstrated in clinical trials, this
could dramatically increase the feasibility of providing imme-
diately available plasmawhile also reducing the logistic hurdles
of requiring frozen plasma to be thawed. There could be an
increased risk of plasma wastage since the shelf-life of LP is
28 days versus 1 year for FFP however. The cost-effectiveness
of LP versus thawed FP requires further study.

Residual cell and microparticle counts are a potential
clinically relevant quality metric for plasma because of their
hypothesized role in the immunosuppression underlying
transfusion-related immune modulation. Notable findings in
this study included increased CD41, CD235a, CD47, and
CD45 microparticles in thawed FFP and LP, since they are
associated with immune suppression and prothrombotic states
(Supplemental Digital Content 2, http://links.lww.com/TA/A554).
This may account for the adverse effects that have been associated

Figure 3. Individual thrombin generation curves for each plasma product at initial storage time tested.

TABLE 3. Differences in Thrombin Peak Values Between PPP
and MPP Samples

Thrombin Peak, nM

PPP Median (IQR) MPP Median (IQR) p

FFP D0 112.7 (99.8Y133.9) 90.7 (81.7Y96.2) 0.002

FFP D3 73.2 (62.6Y81.5) 58.0 (47.7Y70.9) 0.0045

FFP D5 62.7 (57.6Y74.5) 50.8 (44.7Y60.3) 0.0039

LP D3 54.9 (34.1Y80.9) 44.2 (18.7Y60.0) 0.002

LP D14 33.4 (22.5Y60.9) 20.9 (15.6Y54.2) 0.0078

LP D28 54.3 (14.1Y87.4) 32.1 (9.9Y43.1) 0.0078

SD D0 241.1 (231.9Y245.7) 242.1 (226.6Y250.2) 0.959

SD D3 184.2 (172.2Y189.3) 182.7 (170.5Y197.7) 0.7394

SD D5 178.9 (167.9Y184.2) 176.3 (169.6Y181.6) 0.7394

SD-SDP D0 189.7 (179.1Y198.6) 183.1 (174.2Y203.3) 0.642

SD-SDP D1 163.4 (152.7Y170.3) 171.4 (155.5Y178.6) 0.393
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with FFP in the literature. Conversely, certain microparticles may
play an important role in hemostasis, so their presence could
contribute to the procoagulant activity of these products. However,
it is curious that total thrombin formation was higher in SDP and
SD-SDP, which are practically devoid of microparticles. The
clinical impact of the transfusion of plasma with or without the
microparticle phenotypes described is unknown and may be dif-
ferent according to the nature of the patient’s critical illness. Future
clinical studies that analyze the clinical effects of microparticle
content within plasma products are essential since there are wide
differences between products and there are potential adverse or
beneficial effects.

Our results indicated wide donor variability in single-
donor plasma products (FFP and LP) in all parameters mea-
sured. Most striking is the variability in thrombin generation
potential by the 10 different donors of FFP and LP tested. The
relevance for clinical efficacy and safety of donor and product
variability in residual cell counts, microparticle counts, or
coagulation parameters are unknown and require further
analysis. The relative absence of variation in the two pooled
plasma products analyzed is similarly expected from a single
lot. Further studies comparing multiple lots of pooled plasma
products are needed.

Previously reported ranges for residual cells in plasma
products are between approximately 0 to 950 cells per mi-
croliter for WBC, 0 to 11,400 cells per microliter for RBC and
0 to 38,000 cells per microliter for platelets.35 Our results
varied significantly depending on the method used. The cell
count analyzer uses light scatter and fluorescent stains to dif-
ferentiate a broad spectrum of cell types present in blood. The
instrument uses fluorescent dyes that stain nucleic acid to
determine viable cells, which detects cells with a variability of
less than 10% in standard patient samples. While the method is
accurate and sensitive in whole blood specimens, the sensitivity
decreases in plasma samples. Our samples were centrifuged to
concentrate residual cells, which may further contribute to
inaccuracies. Flow cytometric methods to count cells in plasma
products may also be inaccurate since cell counts can be
overestimated because of carryover of sample material or if cell
fragments from nonviable cells are counted. Regardless of the
method used, residual platelets were found in both FFP and LP
products and a small residual amount of RBCs in FFP.

Comparative microparticle phenotype counts for plasma
products have not been previously described. Consistent with
the number of residual cells counted, we found that the majority
of microparticles in FFP and LP were platelet derived, followed
by RBC, leukocyte, and endothelial cell in origin, whereas SD-
SDP and SD plasma contained significantly fewer micropar-
ticles. A large number of microparticle phenotypes were not
captured by our panel, as evidenced by a significant number of
uncategorized microparticles.

While it has been standard practice to measure specific
factors or proteins between products as a reflection of efficacy,
we measured global and functional measures of hemostasis
with the assumption that they more accurately reflect in vivo
function. The increased platelet content in LP accounts for the
increased maximal amplitude and G value results compared
with FFP. Thrombin generation assay kinetics differed between
single-donor and SD-treated pooled products. Total thrombin

formation was higher in SDP and SD-SDP compared with FFP
and LP products. The reduced time to peak and higher peak
thrombin generation in the SD-treated pooled products suggest
that more rapid and stronger thrombin generation is followed
by a precipitous decline compared with single-donor plasma
products. The clinical relevance of this difference is unknown.
It is theoretically possible that an elevated thrombin genera-
tion peak could promote thrombotic events, or conversely, the
effect of the rapid reduction of thrombin generation could re-
duce this risk. Clinical trials comparing these plasma products
are required to further elucidate these findings. One small
randomized controlled trial in liver transplant patients with
severe bleeding indicated that with TEG-directed plasma trans-
fusion, less SDP than FFP was required to achieve the same
hemostatic effects.36

Our study was limited by the inability to assess LP on
Day 0 because of shipping time. In addition, we were unable to
match ABO groups between plasma products. This may have
influenced coagulation testing, as Group A donors are known
to have increased hemostatic activity compared with Group O
donors. Future studies should include leukocyte stimulation
tests with and without cells and microparticles to obtain in vitro
data on the potential immune effects.

CONCLUSION

Cellular, microparticle, and hemostatic metrics differ
between plasma products. Day 28 LP is similar in hemostatic
efficacy and microparticle load by in vitro measures compared
with FFP-derived thawed plasma. SD-treated pooled products
have reduced residual cell and microparticle counts and altered
thrombin generation kinetics compared with FFP and LP. The
clinical relevance of the differences noted in our study need to
be prospectively evaluated in critically ill populations.

AUTHORSHIP

P.C.S. and E.F. are guarantors of the integrity of the entire study. P.C.F.,
E.F., and O.G. provided the study design. E.F. and O.G. performed the
data acquisition. All authors performed the analysis and interpretation of
data. EF, HFP, and JKA performed the statistical analysis. All authors
participated in the manuscript preparation. All authors participated in
the manuscript editing. All authors also participated in the manuscript
revision/review and final version approval.

DISCLOSURE

This study received funding from the Office of US Naval Research.

REFERENCES
1. Wallis JP, Dzik S. Is fresh frozen plasma overtransfused in the United

States? Transfusion. 2004;44(11):1674Y1675.
2. American Association of Blood Banks. Standards for Blood Banks and

Transfusion Services. 26th ed. Bethesda, MD: Committee on Standards,
AABB; 2009.

3. Octaplas Prescribing Information: Octapharma USA Inc.. Available at:
http://www.octaplasus.com/uploads/1.17.13_Octaplas_US_PI_FINAL.pdf.
Accessed October 1, 2014.

4. Matijevic N, Wang YW, Cotton BA, Hartwell E, Barbeau JM, Wade CE,
Holcomb JB. Better hemostatic profiles of never-frozen liquid plasma
compared with thawed fresh frozen plasma. J Trauma Acute Care Surg.
2013;74(1):84Y90.

J Trauma Acute Care Surg
Volume 78, Number 6, Supplement 1Spinella et al.

S24 * 2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



5. Tissot JD, Rubin O, Canellini G. Analysis and clinical relevance of
microparticles from red blood cells. Curr Opin Hematol. 2010;17(6):
571Y577.

6. Spinella PC, Sparrow RL, Hess JR, Norris PJ. Properties of stored red
blood cells: understanding immune and vascular reactivity. Transfusion.
2011;51(4):894Y900.

7. Sadallah S, Eken C, Schifferli JA. Erythrocyte-derived ectosomes have
immunosuppressive properties. J Leukoc Biol. 2008;84(5):1316Y1325.

8. Xiong Z, Cavaretta J, Qu L, Stolz DB, Triulzi D, Lee JS. Red blood cell
microparticles show altered inflammatory chemokine binding and release
ligand upon interaction with platelets. Transfusion. 2011;51(3):610Y621.

9. Belizaire RM, Prakash PS, Richter JR, Robinson BR, Edwards MJ,
Caldwell CC, Lentsch AB, Pritts TA. Microparticles from stored red blood
cells activate neutrophils and cause lung injury after hemorrhage and re-
suscitation. J Am Coll Surg. 2012;214(4):648Y655.

10. Oldenborg PA. CD47: a cell surface glycoprotein which regulates multiple
functions of hematopoietic cells in health and disease. ISRN Hematol.
2013;2013:614619.

11. Gasser O, Schifferli JA. Activated polymorphonuclear neutrophils dis-
seminate anti-inflammatory microparticles by ectocytosis. Blood. 2004;
104(8):2543Y2548.

12. Mesri M, Altieri DC. Leukocyte microparticles stimulate endothelial cell
cytokine release and tissue factor induction in a JNK1 signaling pathway. J
Biol Chem. 1999;274(33):23111Y23118.

13. Angelillo-Scherrer A. Leukocyte-derived microparticles in vascular ho-
meostasis. Circ Res. 2012;110(2):356Y369.

14. Prakash PS, Caldwell CC, Lentsch AB, Pritts TA, Robinson BR. Human
microparticles generated during sepsis in patients with critical illness are
neutrophil-derived and modulate the immune response. J Trauma Acute
Care Surg. 2012;73(2):401Y406.

15. Martin S, Tesse A, Hugel B, Martinez MC, Morel O, Freyssinet JM,
Andriantsitohaina R. Shed membrane particles from T lymphocytes impair
endothelial function and regulate endothelial protein expression. Circu-
lation. 2004;109(13):1653Y1659.

16. Simak J, GeldermanMP. Cell membrane microparticles in blood and blood
products: potentially pathogenic agents and diagnostic markers. Transfus
Med Rev. 2006;20(1):1Y26.

17. Wang JG, Williams JC, Davis BK, Jacobson K, Doerschuk CM, Ting JP,
Mackman N. Monocytic microparticles activate endothelial cells in an IL-
1betaYdependent manner. Blood. 2011;118(8):2366Y2374.

18. Lacroix R, Plawinski L, Robert S, Doeuvre L, Sabatier F, Martinez de
Lizarrondo S, Mezzapesa A, Anfosso F, Leroyer AS, Poullin P, et al.
Leukocyte- and endothelial-derivedmicroparticles: a circulating source for
fibrinolysis. Haematologica. 2012;97(12):1864Y1872.

19. Sadallah S, Eken C, Martin PJ, Schifferli JA. Microparticles (ectosomes)
shed by stored human platelets downregulate macrophages and modify the
development of dendritic cells. J Immunol. 2011;186(11):6543Y6552.

20. Italiano JE Jr, Mairuhu AT, Flaumenhaft R. Clinical relevance of micro-
particles from platelets and megakaryocytes. Curr Opin Hematol. 2010;
17(6):578Y584.

21. Horstman LL, Jy W, Jimenez JJ, Ahn YS. Endothelial microparticles as
markers of endothelial dysfunction. Front Biosci. 2004;9:1118Y1135.

22. Horstman LL, Jy W, Jimenez JJ, Bidot C, Ahn YS. New horizons in the
analysis of circulating cell-derived microparticles. Keio J Med. 2004;
53(4):210Y230.

23. Martel C, Cointe S, Maurice P, Matar S, Ghitescu M, Theroux P, Bonnefoy A.
Requirements for membrane attack complex formation and anaphylatoxins
binding to collagen-activated platelets. PLoS One. 2011;6(4):e18812.

24. Chandler WL. Microparticle counts in platelet-rich and platelet-free
plasma, effect of centrifugation and sample-processing protocols. Blood
Coagul Fibrinolysis. 2013;24(2):125Y132.

25. Lacroix R, Judicone C, Mooberry M, Boucekine M, Key NS, Dignat-
George F. The ISSCW. Standardization of pre-analytical variables in
plasma microparticle determination: results of the International Society on
Thrombosis and Haemostasis SSC Collaborative workshop. J Thromb
Haemost. 2013; [Epub ahead of print].

26. Lee RD, Barcel DA,Williams JC,Wang JG, Boles JC,Manly DA, KeyNS,
Mackman N. Pre-analytical and analytical variables affecting the mea-
surement of plasma-derived microparticle tissue factor activity. Thromb
Res. 2012;129(1):80Y85.

27. Gonzalez E, Kashuk JL, Moore EE, Silliman CC. Differentiation of enzy-
matic from platelet hypercoagulability using the novel thrombelastography
parameter delta (delta). J Surg Res. 2010;163(1):96Y101.

28. Kawano-Castillo J, Ward E, Elliott A, Wetzel J, Hassler A, McDonald M,
Parker SA, Archeval-Lao J, Tremont C, Cai C, et al. Thrombelastography
detects possible coagulation disturbance in patients with intracerebral
hemorrhage with hematoma enlargement. Stroke. 2014;45(3):683Y688.

29. Hemker HC, Giesen P, Al Dieri R, Regnault V, de Smedt E, Wagenvoord R,
Lecompte T, Beguin S. Calibrated automated thrombin generation measure-
ment in clotting plasma. Pathophysiol Haemost Thromb. 2003;33(1):4Y15.

30. Holcomb JB, Pati S. Optimal trauma resuscitation with plasma as the
primary resuscitative fluid: the surgeon’s perspective. Hematology Am Soc
Hematol Educ Program. 2013;2013:656Y659.

31. Jenkins DH, Rappold JF, Badloe JF, Berseus O, Blackbourne L, Brohi KH,
Butler FK, Cap AP, Cohen MJ, Davenport R, et al. Trauma hemostasis
and oxygenation research position paper on remote damage control re-
suscitation: definitions, current practice, and knowledge gaps. Shock.
2014;41(Suppl 1):3Y12.

32. Wataha K, Menge T, Deng X, Shah A, Bode A, Holcomb JB, Potter D,
Kozar R, Spinella PC, Pati S. Spray-dried plasma and fresh frozen plasma
modulate permeability and inflammation in vitro in vascular endothelial
cells. Transfusion. 2013;53(Suppl 1):80SY90S.

33. The United States Department of Health and Human Servicea 2011 Na-
tional Blood Collection and Utilization Survey Report. Available at: http://
www.hhs.gov/ash/bloodsafety/2011-nbcus.pdf. Accessed October 1, 2014.

34. Cao Y, Dua A, Matijevic N, Wang YW, Pati S, Wade CE, Ko TC, Holcomb
JB. Never-frozen liquid plasma blocks endothelial permeability as effec-
tively as thawed fresh frozen plasma. J Trauma Acute Care Surg. 2014;
77(1):28Y33.

35. Lambrecht B, Spengler HP, Nauwelaers F, Bauerfeind U, Mohr H, Muller
TH. Flow cytometric assay for the simultaneous determination of residual
white blood cells, red blood cells, and platelets in fresh-frozen plasma:
validation and twoyears’ experience. Transfusion. 2009;49(6):1195Y1204.

36. Bindi ML, Miccoli M, Marietta M, Meacci L, Esposito M, Bisa M, Mozzo
R, Mazzoni A, Baggiani A, Scatena F, et al. Solvent detergent vs. fresh
frozen plasma in cirrhotic patients undergoing liver transplant surgery: a
prospective randomized control study. Vox Sang. 2013;105(2):137Y143.

J Trauma Acute Care Surg
Volume 78, Number 6, Supplement 1 Spinella et al.

* 2015 Wolters Kluwer Health, Inc. All rights reserved. S25

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.


