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A B S T R A C T

Among blood components for transfusion, plasma for direct therapeutic use is one which has the most diverse
presentations as it can either be a labile (fresh) component or a drug when industrially manufactured after
pooling of thousands of individual plasma collections. Therapeutic plasma can come in an unmanipulated form
or be subjected to chemicals, then may or may not be followed by physical interventions. The question then
arises as to whether fresh plasma retains all the moieties having therapeutic virtue and whether the manip-
ulations (aimed at eradicating or at least eliminating infectious agents) favor adverse reactions, the major one
being typical allergy or allergic type reactions (that can be severe when presenting as anaphylaxis). These
questions become crucial when patients are exposed to hundreds of therapeutic plasma units while being sub-
jected to therapeutic plasma exchange (TPE). This short review aims to present the various types and pre-
sentations of therapeutic plasma and to update information on fresh plasma use in TPE programs, both in terms
of efficacy and tolerance.

It is expected that plasma for direct therapeutic use—the new name
for fresh plasma (referred in this paper as FP) —contains elements or
factors that are missing in certain pathologies and restores physiolo-
gical functions. FP brings clotting and antifibrinolytic factors to control
hemostasis [1]. In Therapeutic Plasma Exchange (TPE), FP exchange
removes deleterious antibodies (Abs) and provides non- pathogenic
(normal) immunological soluble factors [2]. Most FP types currently
licensed for therapeutic use fulfill these roles; furthermore, manu-
facturers, either blood establishments or industry, file with notifying
and authorizing bodies or agencies to guarantee that the final products
(industrial processes) or components (blood establishment processes)
match official criteria issued as standards by the European Commission
or others, for example, the FDA [3]. Meanwhile, FP is not uniform and
can come in distinct presentations (types) [4]. One may thus question
whether those distinct types are functionally different or alike, bearing
in mind that differences can be revealed both quantitatively (efficacy)
and qualitatively (tolerance).

As has been presented in recent reviews [4–6], FP can be obtained
from centrifuged whole blood or by apheresis procedures and further
differ because the variation in devices may affect outcome. FP units can
be processed from single donations, or result from pools either from a
small number of donations (mini pools) or a large number of donations

(often a very large pool of several thousand). The latter is, in general,
provided by industry while the former is processed by blood estab-
lishments. The number of residual leukocytes which leads to residue
after freezing varies considerably from normal (no leukoreduction) to
as low as technically possible (below 104/L). In most blood establish-
ments, the target is below 106/L; theoretically, industrial processes
further eliminate virtually all leukocyte residues. FP present as truly or
virtually universal (the AB group stands for the truly universal and
mixes from various ABO groups stand for likely universal) [7]. A and B
donors are selected as having low titer anti-B and -A Abs and no iso-
agglutinins. Further, FP can come as fresh frozen plasma (FFP), thawed
at the time of being issued (delivered) to a given recipient, under pre-
defined conditions, preserving sentinel proteins; FFP is currently the
most frequent FP form. FP can come from rapidly frozen plasma (6–8 h
after collection) or from plasma frozen later and held as a liquid for 24 h
at room temperature (24RTH plasma). Alternatively, FP can come as a
liquid; the liquid FP presentations can result from the thawing of a
previously frozen plasma, kept liquid for several days, or from never
frozen plasma kept liquid for different periods at 4 °C, defining their
usability [8]. Dried FP was made available a long time ago and was
recently rehabilitated to serve patients in extreme conditions such as in
military or civilian disasters [9]. (Fig. 1) . In theory, there is no specific
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purpose in having such a variety of processes apart from offering flex-
ibility. All FP must contain of desired content in therapeutic factors;
flexibility is also expected at the bedside or in the field, which is, for
example, the main driver for dried or liquid plasma.

Methods to ensure safety from infections are also strikingly dif-
ferent, despite a universal platform that has been defined, such as one
agreed to by the European Community [10]. FP can then also be as-
sayed with nucleic acid and acid testing against HIV, HBV, HCV and
additional viruses, depending on epidemiological situations. Nuclei
acid testing is applied either to individual donations or mini pools.
Additional serological testing may be available depending on the epi-
demiological conditions.

Filtration, deep freezing, thawing, and preservation, can affect
quantitative parameters (defining efficacy) while donor selection, leu-
koreduction and filtration, and testing can impact qualitative para-
meters (occurrences or non- occurrences of adverse reactions).

FP is made safer via chemical and physical methods collectively
termed Pathogen Reduction or Inactivation Technologies [11]. These
methods rely on distinct processes but mainly aim at reducing or
eliminating infectious pathogens. They have all proven to be highly
effective against most enveloped viruses and parasites (bacteria are not
of major concern relative to FP transfusion); however, their efficacy
varies against non-enveloped viruses such as HAV, HEV and parvovirus
B19. The next question is whether or not these Pathogen Reduction or
Inactivation Technologies have a significant impact on quality [12].
Quality is measured after the testing of sentinel proteins such as fi-
brinogen and FVIII; however, proteins needed in FP used in TPE pro-
tocols are often not routine and must be validated separately from the
validation file submitted to obtain clearance from licencing bodies.
Another safety tool exists that does not use Pathogen Reduction or

Inactivation Technologies, but a quarantine (in general of 2 months)
prior to issuing the component. The donor must come back and either
donate blood or a test tube for lab work; the quarantined FP can only be
released in the subsequent absence of infectious markers. Quarantined
FP is thus unmanipulated and expected to maintain all proteins, it is
only altered by the freezing and thawing process as for Pathogen Re-
duction or Inactivation Technologies-treated FP (Fig. 2). Of note, it has
been observed that alloimmune anti-HLA Abs are present in numerous
female donors having had one or more pregnancies (between 20–30%
of multiparous female donors, depending on the studies and test sen-
sitivity) [13,14]. Policies have thus been made available in many
countries to either defer multiparous females or to test for anti-HLA
Abs, and have proven to be effective in lowering the risk of so- called
immunological Transfusion Associated Lung Injury (TRALI) [15,16].

Over time however, some complaints have been made by users re-
porting intolerance to at least one type of FP, particularly for allergic
type adverse reactions. Allergy is indeed the major adverse reaction
reported [17]. This has led, in particular, to the discontinuation by the
French authorities of Methylene Blue inactivated FP. Occasionally,
there have also been reports of post transfusion HEV contamination
despite the fact that the FP was Pathogen inactivated [18]. Post
transfusion HVA contamination has recently been reported as well,
calling attention to the inactivation methods used and contributing to
improvements. In spite of this data, large surveys comparing the tol-
erance of different types of FP failed to identify statistical differences
[19–21]. However, it should be stated that this result is probably more
valid for severe adverse reactions than for mild ones since they are not
rigorously reported, even in countries where this is mandatory by law,
such as in France (according to our experience and interviews of many
colleagues).

Fig. 1. Different fresh plasma types and categories. The major types and presentation of plasma for therapeutic use are presented, irrespective of implementation of
safety measures relative to testing and quality control (that are captured in Fig. 2). *24HRTH plasma may be subjected to safety measures similar to rapidly frozen
plasma (not pictured here for space constraint). **In certain blood establishments, fresh plasma is issued after processing (freezing and thawing, or hold liquid)
without a cleansing procedure or quarantine. ***PCC stands for Prothrombin Complex Concentrates, which are either a labile blood component or a plasma
derivative (drug), depending on systems. ****PCC can be subjected to additional safety measures such as Pathogen Reduction Technologies.
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In general, indications for prescribing plasma are restricted and
should follow expert recommendations [22]. In hemorrhage and shock,
PF transfusion is prescribed more rapidly, after clinical evidence ob-
tained from large clinical trials [23]. In clinical settings in general, FP is
used to assist global hemostasis and therefore adequate levels of clot-
ting factors are required compressing all factors that are essential at all
stages of the hemostasis and fibrinolysis. All types of FPs available have
proven to fulfill this goal to obtain clearance from licensing bodies. It
must be noted that FP is comprised of more than three hundred proteins
with identified biological activity; consequently, crystalloids and col-
loids, as well as other volume expanders cannot replace them. There are
evidence-based indications for FP transfusion in traumatology, in-
tensive care, anesthesiology, and surgery with novel indications of ra-
tios respective to red blood cell concentrates (and platelet concentrates)
as well as the timeframe of the resuscitation protocols [23–25]. There
are additional evidence-based medical indications for medical emer-
gencies, such as in TPE protocols for Thrombotic Microangiopathies
[26], and particularly thrombotic thrombocytopenic purpura (TTP)
[27]. TTP is a rare pathology that requires urgent TPE to bring sus-
tainable levels of ADAMTS13, the enzyme that cleaves multimerized
VWF [28]. Besides evidence- based indications, there are also emerging
ones. The restoration of endothelium glycocalyx and the prevention of
vessel leakage in diverse infectious pathologies have proven to benefit
from FP transfusion independent of the infusion of neutralizing anti-
bodies [29,30]; the immunomodulatory and rejuvenating capacity of FP
has recently been demonstrated but deserves further clinical study [31].

As novel preparations of FP are made available by blood estab-
lishments, they must be evaluated. Liver transplantation remains one of
the most reliable models to evaluate global hemostasis and to license or
evaluate new FP types [32]. TTP remains the best model for evaluating
the types of FP that can be considered to be used in very high volumes
of patients, as the treatment of this disease is increasingly standardized
worldwide [33]. Currently, retrospective studies have evaluated several
types of FP and in particular quarantined, solvent-detergent (SD)- and
Amotosalen-inactivated FP. It has been shown that each type of FP
could safely treat TTP patients [34]. Two recent studies however ob-
served that TPE regimens based on the use of Amotosalen-inactivated

plasma enabled a moderately but significantly faster platelet count re-
covery and minimized the global need of FP (in terms of volume)
[35,36]. This data deserves a closer look in larger studies to be con-
firmed; however, it states that ADAMTS13 is likely as robust as Pa-
thogen Reduction Technologies. It also states that there is likely an
equal chance of success of TPE for TTP, using any type of FP available at
a blood bank. It does not state that the latter assumption holds true for
other pathologies, as pathophysiology is different and treatment may
rely on factors that may be more or less vulnerable to the various Pa-
thogen Reduction Technology processes. Regarding tolerance, as TPE
exposes the patient to a variety of events each carrying a risk of being
allergenic, preference is generally given to the standard, which is SD-FP
(though AI-FP can be a possibility) over Quarantined FP. The quite
exhaustive French hemovigilance network, which reports major but
also minor adverse reactions has shown that individual, quarantined FP
might be slightly less tolerated than Pathogen-inactivated FP and lead
to more frequent reports of allergic-type reactions or anaphylaxis [37].
There is no clear- cut explanation for this observation as pro-allergenic
factors are not diluted in pathogen-inactivated individual FP units;
pooled FP units may bring dilution of allergenic factors. It has been
proposed that the processes can interfere with the complement cascade,
though this remains to be formally ascertained. Mini pools of FP units
could be another interesting option.

In total, the majority of observations reported so far are in favor of
the efficacy equivalence of all types of FP for TPE regimens (despite
doubts that are regularly cast on MB- FP, though that is debatable [38]).
Caution should be shown for newer types of FP (liquid, dried) that are
basically designed for trauma and hemorrhic emergencies rather than
for medical resuscitation. Validation per component is recommended
per pathology to ensure that the FP type appropriately provides the
needed factors accordingly.

Disclosures

Both authors have received invitations to attend key opinion leader
seminars by industrial societies promoting pathogen reduction tech-
nology solutions; the TTP-study having compared Amotosalen-

Fig. 2. Safety measures that apply to fresh plasma. Summary of the safety measures that are applied at the different steps of the fresh plasma life circuit. * The
controls can be stochastic and on demand or re-qualified or re-certified.
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