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1 | INTRODUCTION

Hemorrhage is directly responsible for most preventable
prehospital trauma deaths and about a third of in-
hospital trauma deaths."” Hemorrhage also contributes
to late mortality and morbidity due to multiorgan fail-
ure. Hemorrhage control is achieved prehospital
through direct pressure and occasionally by tourniquet
and in hospital through surgery or interventional radiol-
ogy. In parallel, shed blood is replaced in hospital using
major hemorrhage protocols (MHP), also referred to as
massive transfusion protocols. A ratio-based MHP

Abbreviations: °C, degrees celsius; 95%CI, 95% confidence intervals;
aPTT, activated partial thromboplastin time; ELP, extended life plasma;
FDP, freeze-dried plasma; FFP, fresh frozen plasma; FLYP, French
Lyophilized Plasma; HCI, hydrochloric acid; MD, mean difference;
MeSH, medical subject headings; MHP, major hemorrhage protocol;
NOS, Newcastle-Ottawa Scale; ODP, on-demand plasma; PT,
prothrombin time; SDP, Spray-dried plasma; vWF, von Willebrand
factor.

recommends the administration of high volumes of
plasma (at least 1 unit for every 2 units of red blood
cells), with the aim to prevent and treat trauma-induced
coagulopathy.” However, in current prehospital practice
and some rural and regional centers around the world,
plasma is commonly unavailable due to logistical diffi-
culties in supply.

Fresh frozen plasma (FFP) is prepared through sepa-
ration from donated whole blood or obtained by plasma
apheresis, with the freezing process commencing within
18 hours of collection for whole blood plasma and within
8 h of collection for apheresis plasma. It is then stored at
—18°C or colder with a shelf life of up to 3 years. The
thawing process requires a 30-37°C agitated water bath
or a warming device, taking 15-30 min, and is challeng-
ing outside the hospital setting. Thawed FFP should be
used immediately but can be stored between 1 and 6°C
for up to 5days as “extended life plasma (ELP)” with
similar (not identical) clotting factors—but may result in
wastage if not subsequently used.*
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Freeze-dried plasma (FDP) is made from human
plasma after lyophilization to produce a freeze-dried prod-
uct, allowing it to be reconstituted and administered. FDP
is made from plasma from either single (e.g., LyoPlas-Nw;
German Red Cross) or multiple donors (e.g., French
lyophilized plasma (FLYP)). Freeze drying, or lyophiliza-
tion, is a dehydration process used to preserve the struc-
tural integrity and the qualities of plasma. FDP has been
used in clinical trials and is feasible for transport, storage,
and delivery.>® However, widespread use outside the
countries of manufacture is constrained by the complexi-
ties of the manufacturing processes and supply limitations.

Spray-dried plasma (SDP) is manufactured by feeding
liquid plasma into a stream of pressurized drying gas and
was developed by Entegrion, with ability to dry a unit of
plasma in about 10 min.” This can be achieved in substan-
tially shorter times than freeze-drying and uses equipment
with a smaller laboratory footprint than lyophilization.
This may enable decentralized manufacturing of dried
plasma in-house in regional blood services. Another name
for SDP is on-demand plasma (ODP™),

The aim of this study was to collate the reported con-
centrations of coagulation factors in SDP, compared with
other plasma preparations. This will serve as a benchmark
for future assessment of newer SDP products and inform
any changes that may be required in clinical practice
when using SDP compared with other plasma products.
The secondary aim was to compare the tests of coagulation
function between SDP and other plasma products.

2 | MATERIALS AND METHODS
This systematic review was reported in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses guidelines. The protocol was pub-
lished in Prospero prior to initiating the search.'”

2.1 | Studies

This review sought to include reports on SDP obtained
from human plasma, compared with FFP or another
plasma product. The review also sought to include data
in which human-derived SDP was assessed in laboratory
(in vitro) or humans. To be included, the studies had to
report the measures of at least one coagulation factor or
test of coagulation function.

2.2 | Exposure and controls

The exposure variable was the assessment of SDP for the
composition of coagulation factors or coagulation

function. The control arm could contain the assessment
of FFP, FDP, or another plasma product.

2.3 | Outcome measures

We extracted data on coagulation factor concentrations
and other coagulation proteins as outcome measures. In
addition, the tests of coagulation function were extracted
as assessed by standard laboratory tests or viscoelastic
hemostatic assays.

24 | Search methods

We searched Medline (from January 1, 2000 to October
31, 2024), Embase (January 1, 2000 to October 31, 2024),
Cochrane Controlled Trials Register (from January
1, 2000 to October 31, 2024), and Google Scholar (first
200 hits). The search was not restricted by language or
publication status. Search terms were defined a priori
and by reviewing the Medical Subject Headings terms of
articles identified in preliminary literature searches. A
sensitive search strategy combining Medical Subject
Headings (MeSH) headings and the keywords “plasma,”
“spray-dried plasma,” and “frozen plasma” was used. The
final search was performed in November 2024.

2.5 | Data abstraction

Title searching was performed by a single investigator
(BM). Next, two review authors (BM and PB), not
blinded to the journal, institutions, or authors, indepen-
dently examined abstracts and full texts to identify man-
uscripts for data extraction. References within each
included full text were searched for additional citations.
Disagreements were resolved by consensus or with
another investigator (DM or MR). Only published data
were included. Investigators were not contacted to
obtain additional data.

2.6 | Risk of bias assessment

Risk of bias was assessed using the modified Newcastle-
Ottawa Scale (NOS). The NOS assesses the following
domains: selection of exposed and nonexposed cohorts,
comparability of cohorts, assessment of outcomes, and
adequacy of follow-up and was limited to seven
domains that were relevant for the research question.
Using the modified NOS, a score of <2 was considered
high risk of bias; 3-5, moderate risk of bias; and >5,
low risk of bias.
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2.7 | Analyses

For each study, we reported the source of the plasma,
manufacturer of SDP, methods of reconstitution, and the
outcome measures. Clinical and methodological hetero-
geneity across the studies was assessed by examining the
details of the subjects, the baseline data, the interven-
tions, and the outcomes to determine whether the studies
were sufficiently similar. Statistical heterogeneity was
determined using the I? statistic. Studies were combined
in meta-analyses using a random effects model, as it was
assumed that the true effect size (6) could vary across
studies. Differences in concentrations of coagulation fac-
tors, proteins, and tests for coagulation factors were
reported using mean differences (MD) and 95% confi-
dence intervals (95% CI). The percentage difference was
calculated using the pooled mean difference as the
numerator and the pooled mean of observed values for
FFP as the denominator. A p-value of <0.05 was defined
to be statistically significant. All analyses were under-
taken using Stata v 18.0 (College Station, TX, USA).

3 | RESULTS

There were 95 manuscripts identified after initial
searches, with 84 manuscripts excluded after title and
abstract screening (Figure 1). There were 11 manuscripts
assessed with full-text review. Of these, Bercovitz et al.
reported on microfluidic analysis of thrombus formation;
Potter et al. reported on pulmonary vascular permeability
and inflammation; Wataha et al. reported on permeabil-
ity and inflammation in vitro in vascular endothelial
cells, all without assays of coagulation factors or coagula-
tion function, and were excluded.™'* A further three
manuscripts without original data were excluded.'**°
Finally, a screened manuscript by Shuja et al. did not
report on characteristics of SDP and was also excluded."’

Unique manuscripts from database searches: 90
Manuscripts from reference searches: 5

Excluded on title and
abstract review: 84

Full text review: 11

A further manuscript by Pusateri et al. reported compara-
tive data between SDP and FFP from an undetermined
source but was included for analysis as the relevant data
were available.'®

There were seven preparations of SDP tested in the
four manuscripts (Table 1). All preparations were per-
formed using instruments manufactured by Velico Medi-
cal, Inc. (Beverly, MA, USA). In the analysis by Booth
et al., SDP was reconstituted with either 1.5% glycine
(a) or de-ionized water (b)." In the analysis by Meledeo
et al., two groups of SDP aliquots were pretreated with
excipients prior to drying and rehydrated with water: the
first group pretreated with 20 mM glycine-HCI, whereas
the second was pretreated with 20 mM glycine-
HCI/50 mM glycine. A third group of aliquots was not
pretreated but was reconstituted with water containing
20 mM glycine-HCI/50 mM glycine.”® All studies used
human FFP from sources different from the SDP and
were performed in vitro, and none used FDP in the com-
parator group.

The concentration of coagulation factors in SDP, com-
pared with FFP, is displayed in Figure 2. Compared with
the equivalent preparation of FFP, there were signifi-
cantly lower concentrations of fibrinogen by 16.9%
(pooled MD —47.74; mg/dL; 95%CI: —62.65 to —32.83),
Factor VII by 7.5% (pooled MD —6.99 mg/dL; 95%CIL:
—11.99 to —1.99), Factor VIII by 29.7% (pooled MD
—34.83 mg/dL; 95%CIL: —60.04 to —9.63), Factor IX by
9.7% (pooled MD —11.16 mg/dL; 95%CI: —16.46 to
—5.86), and Factor X by 12% (MD —12.10 mg/dL; 95%CI:
—17.90 to —6.30) in SDP.

A comparison of other relevant components of the
clotting cascade is displayed in Figure 3. Compared with
equivalent preparation of FFP, there were significantly
lower concentrations of Protein C by 6.5% (pooled MD
—6.4 1U/dL; 95% CI: —11.77 to —1.04) and Protein S by
12.6% (pooled MD —13.69 IU/dL; 95% CIL. —22.23 to
—5.15) in SDP. Von Willebrand activity (pooled MD

Excluded after full text review: 7
Relevant outcome measures not reported:3
Wrong comparator:1
Review: 3

Included for analysis: 4

FIGURE 1
manuscripts. [Color figure can be

Selection of

viewed at wileyonlinelibrary.com]
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TABLE 1 Study characteristics.
Author Manufacturer Study
(year) Source of SDP  Substrate for SDP of SDP Reconstitution of SDP Source of FFP setting
Booth Human donors;  Whole blood plasma  Velico Medical, 30 mL of 1.5% glycine Human donors;  Laboratory;
(2011)a O+ separated within1h  Inc O+ in vitro
of collection
Booth Human donors;  Whole blood plasma  Velico Medical, 30 mL of deionized water Human donors;  Laboratory;
(2011)b O+ separated within1h  Inc O+ in vitro
of collection

Pusateri ~ Human donors Obtained from Velico Velico Medical, Not reported Human donors Laboratory;
(2016) Inc in vitro

Lui Not reported Never frozen plasma  Velico Medical, = Water Not reported Laboratory;
(2019) Inc in vitro
Meledeo Human donors; Obtained from Velico Velico Medical, = Water (DSP pretreated Human donors;  Laboratory;
(2019)a Group A and O Inc with 20 mM of glycine- Group Aand O  in vitro

HCL)
Meledeo Human donors;  Obtained from Velico Velico Medical, = Water (SDP pretreated Human donors;  Laboratory;
(2019)b Group A and O Inc with 20 mM glycine-HCl Group Aand O  in vitro
and 50 mM glycine)

Meledeo Human donors;  Obtained from Velico  Velico Medical, = Water containing 20 mM Human donors;  Laboratory;
(2019)c Group A and O Inc of glycine-HCl and 50 mM  Group Aand O  in vitro

—41.81 IU/dL; 95% CI: —56.19 to—27.23) was lowered by
32.9%, and von Willebrand Ristocetin Cofactor levels
(pooled MD —62.10; 95% CI: —79.14 to —45.05) were also
significantly lower by 53.3% in SDP. There were no differ-
ences observed in levels of Protein S antigen, von Willeb-
rand factor (VWF) antigen, antithrombin III, and
ADAMTS-13 concentrations.

In studies that reported tests of coagulation function,
prothrombin time (PT) was significantly longer with SDP
by 7.5% (pooled MD 0.85 secs; 95% CI: 0.16-1.53), but
similar activated partial thromboplastin times (aPTT)
between assays of FFP and SDP were reported (Figure 4).
When assessed using viscoelastic hemostatic assays, the
clot profile after treatment with SDP was reported to have
significantly longer clotting times by 11.7% (pooled MD
0.75s; 95% CI: 0.16-1.35), lower angles by 4.9% (pooled
MD —3.53 degrees; 95% CI: —5.42 to —1.65), and lower
maximum amplitudes by 12.5% (pooled MD —5.71 mm;
95% CI. —9.31 to —2.12). The detailed results of the meta-
analysis are provided in Tables S1-S3, including mea-
sures of statistical heterogeneity.

All studies were assessed to have moderate risk of
bias (Table 2). As studies were all conducted in vitro, rep-
resentativeness of the exposed human cohort in critical
bleeding scenarios remains unknown, and all studies
were marked down. Assessment of outcomes was not
reported to be in duplicate, and all studies were marked
down on that domain. Finally, the report by Pusateri

of glycine

et al., did not have sufficient detail on the methodology
to assess comparability of the cohorts.'®

4 | DISCUSSION

SDP is an attractive preparation that is similar to fresh
frozen plasma in containing relevant coagulation factors
and proteases. A small number of in vitro analyses, using
SDP from a single manufacturer, have reported signifi-
cant differences between SDP and FFP in the concentra-
tion of coagulation factors and antithrombotic proteins. It
is likely that the different composition of SDP results in
weaker blood clots that take longer to form in vitro, when
compared with FFP. There are some theoretical and as
yet unproven concerns that these differences may impact
clinical outcomes after resuscitation and necessitate alter-
ations to major hemorrhage protocols that may recom-
mend SDP instead of FFP.

SDP offers substantial benefits over both FFP and
FDP with regard to the rate of manufacture, portability,
reconstitution, throughput, and equipment needs."
Importantly, these efficiencies do not negatively affect
endothelial permeability or inflammation, with FFP and
SDP reported to equivalently modulate both at the molec-
ular and cellular levels.*? Similarly, FFP and SDP have
been shown to both preserve the integrity of endothelial
cell monolayers and result in similar gene expression
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SDP FFP Mean diff. Weight FIGURE 2 Concentrations
Study N Mean SD N Mean SD with 95% Cl (e) of coagulation factors in spray-
Fibrinogen dried plasma compared with
Booth (2012)a 6 3208 99 6 3728 1547 —=——— -52.00[-198.96, 94.96] 1.03

Booth (2012)b 6 2673 842 6 372.8 154.7
Pusateri (2016) 20 250 53.4 20 287.7 62.9
Liu (2019) 59 214 39 59 263 52

0l+

Difference = -16.9%

Factor V

Booth (2012)a 6 557 197 6 702 20
Booth (2012)b 6 175 81 6 702 20
Pusateri (2016) 20 86 15 20 94 19
Liu (2019) 59 1044 20.2 59 988 204
Difference = -17.8%

Factor VII

Booth (2012)a 6 628 271 6 728 237
Booth (2012)b 6 583 184 6 728 237
Pusateri (2016) 20 80.5 115 20 85.6 12.1
Liu (2019) 59 923 20.2 59 100.3 20.7
Difference = -7.5%

- IJJ_PQrIiH

Factor Vil
Booth (2012)a 6 627 196 6 108 33 -
Booth (2012)b 6 368 14 6 108 33 -

Pusateri (2016) 20 80 264 20 927 209

Liu (2019) 59 106.5 27.2 59 1274 33.3 .1
Difference = -29.7% ’

Factor IX

Booth (2012)a 6 912 285 6 101 23

Booth (2012)b 6 70.3 194 6 101 23 . 3
Pusateri (2016) 20 101.7 20.2 20 111.8 18.1

Liu (2019) 59 1094 17 59 1196 17.6 [ |
Difference = -9.7% .
Factor X

Liu (2019) 59 889 146 59 101 174 [ |
Difference = -12.0% |
Factor XI

Pusateri (2016) 20 923 24 20 974 233 q
Liu (2019) 59 1054 19.8 59 110.3 204

Difference = -4.6%

-300 -200 -100 0
(mg/dL)

patterns and cytokine/growth factor production. Further-
more, FFP and SDP reduced shock-induced pulmonary
vascular permeability in animal models to a similar
extent.'® Therefore, while there are significant differences
among these plasma products, SDP contains clinically
meaningful levels of coagulation activity and, even
though the clotting profile appears weaker than FFP,
there is a consistent ability to generate thrombus.*

fresh frozen plasma.
-105.50 [ -246.43, 35.43] 1.12

37.70[ -73.86, -1.54] 17.01
-49.00[ -65.59, -32.41] 80.84
-47.74 -62.65, -32.83]

(a) Reconstituted using 1.5%
glycine; (b) Reconstituted using
de-ionized water. [Color figure
can be viewed at
wileyonlinelibrary.com]

-1450[ -36.96, 7.96] 22.46
5270 -69.97, -35.43] 24.32
-8.00[ -18.61, 2.61] 26.27
560[ -1.73, 12.93] 26.96
-16.66 [ -41.29, 7.96]

-10.00[ -38.81, 18.81] 3.01
1450 -3851, 9.51] 4.34
510[ -1242, 222] 4673
-8.00[ -15.38, -0.62] 45.92
6.99[ -11.99, -1.99]

-4530[ -76.01, -14.59] 21.11
-71.20[ -99.88, -42.52] 22.00
-12.70[ -27.46, 2.06] 27.82
-20.90[ -31.87, -9.93] 29.07
-34.83[ -60.04, -9.63]

-9.80[ -39.10, 19.50] 3.27
-30.70[ -54.78, -6.62] 4.84
41010 -21.99, 1.79] 19.87
-10.20[ -16.44, -3.96] 72.02
-11.16 [ -16.46, -5.86]

-12.10[ -17.90, -6.30] 100.00
-12.10[ -17.90, -6.30]

-510[ -19.76, 9.56] 19.67
-490[ -12.15, 2.35] 80.33
494 -11.44, 1.56]

100

However, in addition to the differences in coagulation
factors and profiles, other differences have been reported,
necessitating caution before equivalent replacement of
other plasma preparations.'® Spinella et al. reported ini-
tial total thrombin formation was higher in SDP com-
pared with FFP. The reduced time to peak and higher
peak thrombin generation in the SDP suggest that more
rapid and stronger thrombin generation is followed by a
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FIGURE 3 Coagulation SDP FFP Mean diff. Weight
. . Study N Mean SD N Mean SD with 95% CI (%)
factors in spray-dried plasma
. Protein C ‘
compared with fresh frozen Booth (2012)a 6 755 148 6 812 11.9 - 570[ -20.90, 9.50] 12.45
plasma. (a) Reconstituted using Booth (2012)b 6 745 93 6 812 119 - 6.70[ -18.78, 5.38] 19.69
1.5% glycine; (b) Reconstituted Pusateri (2016) 20 816 263 20 90 222 JJF -8.40[ -2348, 6.68] 12.64
using de-ionized water. [Color Liu (2019) 59 98 20 59 104 20 | 6.00[ -13.22, 1.22] 5521
figure can be viewed at Difference = -6.54% Q 6.40[ -11.77, -1.04]
wileyonlinelibrary.com]
Protein S
Booth (2012)a 6 735 252 6 1027 1741 —,— 2920 -53.57, -4.83] 10.40
Booth (2012)b 6 777 176 6 1027 17.1 —— 25.00[ -44.64, -5.36] 14.79
Pusateri (2016) 20 1082 205 20 1196 187 Ik -1140[ -23.56, 0.76] 28.55
Liu (2019) 59 98 192 59 106 20 [ | -8.00[ -15.07, -0.93] 46.26
Difference = -12.61% ‘ 1369 -22.23, -5.15]
Protein S antigen
Pusateri (2016) 20 935 121 20 956 10.9 - 210[ -9.24, 5.04] 54.70
Liu (2019) 59 964 205 59 103.6 229 O 720 -15.04, 0.64] 45.30
Difference = -4.3% .‘ -441[ -9.69, 0.87]
VWF antigen
Booth (2012)a 6 848 301 6 1123 522 ——W——  -27.50[ -75.71, 20.71] 7.06
Booth (2012)b 6 978 392 6 1123 522 — W -1450[ -66.73, 37.73] 6.02
Pusateri (2016) 20 151.3 494 20 1457 51.9 —M—  560[ -2580, 37.00] 1665
Liu (2019) 59 1419 42 59 1356 427 B 6.30[ -8.98, 21.58] 70.28
Difference = +1.89% ‘ 2.55[ -10.27, 15.36]
VWF activity
Booth (2012)a 6 827 356 6 1107 344 —_— 28.00[ -67.61, 11.61] 13.17
Booth (2012)b 6 58 259 6 1107 344 — -52.70[ -87.15, -18.25] 17.41
Pusateri (2016) 20 951 249 20 1368 305 -~ 4170 -58.96, -24.44] 69.42
Difference = -32.92% <> 4181 -56.19, -27.43]
VWF Ristocetin Cofactor
Meledeo (2019)a 2 3561 1559 20 131.8 19.22 —— -96.19[ -119.38, -73.00] 17.93
Meledeo (2019)b 2 774 2263 20 131.8 19.22 — 5440 -86.87, -21.93] 13.60
Meledeo (2019)c 20 69.28 19.83 20 131.8 19.22 I+ 62.52[ -74.62, -50.42] 23.64
Liu (2019) 59 62.3 235 59 105 405 1 -42.70[ -54.65, -30.75] 23.71
Pusateri (2016) 20 448 155 20 1042 359 = -59.40[ -76.54, -42.26] 21.11
Difference = -53.32% <o 62.10[ -79.14, -45.05]
Antithrombin Il
Pusateri (2016) 20 926 114 20 941 88 - 1.50[ -7.81, 4.81] 33.84
Liu (2019) 59 91 13 59 92 12 [ ] 1.00[ -551, 3.51] 66.16
Difference = -1.26% \ -1.17[ -4.84, 2.50]
ADAMTS-13 I
Booth (2012)a 6 983 202 6 1083 235 —— -10.00[ -34.80, 14.80] 18.94
Booth (2012)b 6 893 81 6 1083 235 | -19.00[ -38.89, 0.89] 23.82
Pusateri (2016) 20 79.8 656 20 882 33.9 j\ll— -8.40[ -40.76, 23.96] 13.50
Liu (2019) 59 135 53 59 1285 93 ‘h 6.50[ 3.77, 9.23] 4374
Difference = -4.03% <> -471[ -18.96, 9.54]
100  -50 0 50
1U/dL

precipitous decline compared with single-donor plasma
products. They raised the concern that this early, elevated
thrombin generation peak could promote thromboem-
bolic events."”

The beneficial properties of SDP, with similarities in
constituency and activity to FFP, plus ease of

manufacture, reconstitution, and delivery when com-
pared with both FFP and FDP, suggest that it could be
effective as a first-line product in MHPs. There are many
scenarios where patients with critical bleeding are cur-
rently managed with crystalloids or red cells only, some-
times for prolonged periods. These include prehospital
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SDP FFP Mean diff. Weight FIGURE 4 Comparisons of
Study N Mean SD N Mean SD with 95% CI (%) clotting function of FFP versus
FT ‘ SDP. (a) Pretreated with 20 mM
Pusateri (2016) 20 12 4 20 115 &5 . 0.50[ 0.22, 0.78] 50.71 of glycine—HCl; (b) Pretreated
Liu (2019) 59 125 9 59 113 9 i 1.20[ 0.88, 1.52] 49.29 with 20 mM glycine-HCl;
Difference = +7.49% ¢ 0.85[ 0.16, 1.53] () Reconstituted with water
aPTT containing 20 mM of glycine-
Pusateri (2016) 20 37 36 20 257 18 » 11.30[ 9.54, 13.06] 49.80 HCl and 50 mM of glycine.
Liu (2019) 59 299 34 59 203 ] 0.60[ -0.56, 1.76] 50.20 [Color figure can be viewed at
Difference = +20.89% ——— 503[ -456, 16.41] wileyonlinelibrary.com]
Clot time
Meledeo (2019)a 2 837 56 20 822 .74 m 0.15[ -0.69, 0.99] 21.49
Meledeo (2019)b 2 87 .86 20 822 .74 048[ -0.76, 1.72] 14.41
Meledeo (2019)c 20 882 .76 20 822 .74 0.60[ 0.14, 1.06] 30.49
Liu (2019) 59 6 1 59 4.6 8 140[ 1.07, 1.73] 33.62
Difference = +11.67% (] 0.75[ 0.16, 1.35]
Angle
Meledeo (2019)a 2 64.67 2.67 20 66.57 4.25 —— -1.90[ -6.04, 2.24] 14.92
Meledeo (2019)b 2 6265 323 20 6657 425 —M— -3.92[ -8.77, 093] 11.77
Meledeo (2019)c 20 60.82 3.67 20 66.57 4.25 . B -5.75[ -8.21, -3.29] 28.06
Liu (2019) 59 749 34 59 775 28 [ ] 2.60[ -3.72, -1.48] 4525
Difference = -4.90% < -3.53[ -5.42, -1.65]
Maximum amplitude
Meledeo (2019)a 2 50.38 3.47 20 63.82 3.03 —— 444 -9.43, 055] 20.42
Meledeo (2019)b 2 5555 39 20 63.82 3.03 —l— -8.27[-13.84, -2.70] 18.63
Meledeo (2019)c 20 55 3.87 20 63.82 3.03 -8.82[-10.97, -6.67] 30.02
Liu (2019) 59 254 51 59 274 51 : | -2.00[ -3.84, -0.16] 30.92
Difference = -12.48% S 571 -9.31, -2.12]
—1IO 0 16 2IO
sec / degrees / mm
D1 D2 D3 D4 D5 D6 D7 Overall TABLE 2 Modified Newcastle-
Ottawa assessment of included

Booth (2011) * * * * * . 8.8, 8.8 ¢ manuscripts.

Pusateri (2016) * * * * ok k ok

Lui (2019) * * * * * . 8.8, 8.8 ¢

Meledeo (2019) * * * * * 2.8.6.6 .8 ¢

Note: D1: Representativeness of the exposed cohort; D2: Selection of the non-exposed cohort; D3: Outcome
blinded; D4: Comparability of cohorts; D5: Assessment of outcome; D6: Length of follow-up; D7: Adequacy

of follow-up.

care where mission times are long, some rural and
regional centers where there is limited or no availability
of blood components, and in the military setting in for-
ward treatment centers. The evidence for pre-emptive,
high-volume transfusion of plasma in such scenarios,
however, is uncertain; there were conflicting outcomes
from randomized controlled trials of prehospital plasma,
though post-hoc analyses suggested a benefit when pre-
hospital times were in excess of 20 minutes.”’ Such

scenarios, with recruitment of a patient population at risk
of trauma-induced coagulopathy, would be the ideal set-
ting for a randomized trial of SDP compared with stan-
dard practice.

This systematic literature review was limited in
seeking data on the composition of SDP, rather than
clinical effectiveness. Previous studies have demon-
strated the benefits of SDP in animal models or in
other outcomes such as modulation of endothelial
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function and inflammation.'??? However, at the time
of the search, there were no known results from
human trials available, with a study to assess the
safety of infusing increasing doses of SDP in healthy
volunteers registered in November 2024.>* Even within
the small number of studies, there were differences in
the manufacturing and reconstitution processes of
SDP that have evolved over time. If considering
human trials to assess the effectiveness of SDP, these
processes should be considered to estimate the effect
and dosing of SDP. All analyses were conducted
in vitro, with some variability in the constituents of
the FFP product. However, the reported levels of coag-
ulation factors and other proteins in FFP controls were
similar to the expected minimum values following the
manufacture of a human plasma.** All studies
reported used whole-blood-derived plasma as the sub-
strate for the manufacture of SDP. However, many
centers worldwide collect clinical plasma by apheresis,
which may introduce further variability in the constit-
uents and function of SDP. The varied processes for
the reconstitution of SDP exaggerated the differences
between different plasma products. When embarking
on human trials, it is expected that one agreed process
would limit the variability in the preservation of coag-
ulation factors and activity.

At the time of this research, there were fourFDP
products available: French FDP (FLyP), German FDP
(LyoPlas), OctaplasLG- Lyo, and Bioplasma FDP, the last
of which is produced by the National Bioproducts Insti-
tute of South Africa. This analysis did not seek to com-
pare SDP with FDP, but observational studies have
demonstrated the efficacy of FDP in prehospital set-
tings.”” It has been suggested that the key shortcoming of
FDP lies in dependence on a centralized source of plasma
and manufacturing, in addition to limited suppliers. A
decentralized approach to the manufacturing of SDP can
mitigate these issues of plasma supply through sourcing
of plasma from local donors and production facilities
close to the end user."

Presently, the small number of analyses limits confi-
dence in the point estimates for the differences. In partic-
ular, the observed differences in clotting times are
unlikely to be clinically significant. But the slower speed
of clot formation and lower strength of clots with SDP
may have clinical implications. Finally, all SDP products
were provided using devices by one manufacturer, so
potential differences in the final product may arise
should devices from other manufacturers become avail-
able, or with differences in the composition of liquid
plasma (e.g., pooled vs. single donor; solvent/detergent
treated vs. untreated) used as the starting material in the
spray-drying process.

TRANSFUSION-=»
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SDP, when compared with freeze-dried or fresh frozen
plasma, is an attractive plasma product that offers sub-
stantial benefits with regards to manufacture, storage,
transport, reconstitution, and delivery. However, there
are significant differences in the concentrations of coagu-
lation factors and clotting activity in SDP compared with
FFP. In the setting of critical bleeding, the substitution of
FFP with SDP may not translate to the same effectiveness
and safety profiles. Human trials, which would enroll
patients most likely to benefit from early administration
of plasma, are indicated to determine the effectiveness,
safety, and optimal dosing of SDP.
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