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a  r  t  i  c  l  e  i  n  f  o

rticle history:
vailable online 15 May  2019

eywords:
ransfusion
lood product
lood donor
emovigilance

a  b  s  t  r  a  c  t

Transfusion  efficacy  is an  important  clinical  outcome  strongly  contributing  to transfusion  safety.  Optimal
transfusion  care  will soon  require  taking  into  account  novel  criteria’s  in  relation  with  donor,  blood  product
and/or  recipient  characteristics.  Hemovigilance  may  prepare  for  these  evolutions.
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reserved.
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L’efficacité  transfusionnelle  est un  critère  clinique  essentiel  qui  contribue  de  faç on  importante  à  la sécurité
transfusionnelle.  L’amélioration  des  pratiques  transfusionnelles  requerra  demain  la  prise  en  compte  de
nouveaux  critères  en  relation  avec  les  caractéristiques  des  donneurs,  des  produits  sanguins  et/ou  des
receveurs.  L’hémovigilance  peut  se préparer  à ces évolutions.

©  2019  Société  franç aise  de  transfusion  sanguine  (SFTS).  Publié  par  Elsevier  Masson  SAS.  Tous  droits
réservés.
. Hemovigilance successes

Hemovigilance includes reporting and assessing transfusion
dverse events and incidents as well as surveillance activities
ncompassing the entire transfusion process. As such, hemovigi-
ance is a cornerstone to mitigating risks to transfusion recipients
s well as to blood donors [1]. By careful reporting and analysis
f adverse events, hemovigilance has contributed to identifying,
uantifying and ultimately reducing transfusion risks in various
reas such as errors and “near miss” clerical and procedural events

2], transfusion-related errors, transfusion-transmitted infections
3,4] as well as hemodynamic- and/or inflammatory-related side
ffects[5,6].
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A striking success story to which hemovigilance has signif-
icantly contributed is the identification of donor-related risk
factors (i.e. anti-HLA antibodies in ever pregnant donors) for TRALI
(transfusion-related acute lung injury) occurrence and the imple-
mentation of mitigation measures in most jurisdictions, effectively
reducing the risk associated with this severe pulmonary complica-
tion [5–7].

2. Widening the scope of transfusion safety

The overall efficacy of blood products in transfusion recipi-
ents, an integral part of patient blood management, has most often
not been considered as within the scope of hemovigilance [1,5,6].

However, transfusion inefficacy or toxicity, resulting from an inap-
propriate transfusion in view of recipient clinical status and/or from
specific characteristics of the donor or blood product are undoubt-
edly contributive to reduced recipient safety.
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Recently, a number of studies have highlighted that
ow/restrictive (vs high/liberal) red blood cells (RBC) transfu-
ion thresholds in most clinical settings are not only not associated
ith increased morbidity or mortality [8], but may  be associated
ith improved outcome in specific settings such as gastrointestinal

leeding [9]. Despite these findings, insuring adequate hemoglobin
hresholds for RBC transfusion through education and reporting
eviations to appropriate guidelines is not presently a mainstay of
ost hemovigilance programs [5,6].

. Seeking for appropriate transfusion triggers

Hemoglobin (or platelet) thresholds to trigger transfusion are
rguably quite crude and often wrongly considered as independent
f recipients attributes (such as age [10]). Overall, such thresh-
lds are not satisfying indicators to decide of the appropriateness
f transfusion as well as to evaluate transfusion efficacy. At the
ther end of the spectrum, assessing recipient survival is obviously
ppropriate per se, but is certainly not a sensitive mean to evaluate
ransfusion efficacy, in addition to being often not informative out-
ide prospective randomized clinical trials. When performed, such
rials can deliver important, on occasion counter-intuitive, find-
ngs, i.e. the recent finding that a 50,000 platelet/mm3 threshold
vs 25,000/mm3) for platelets transfusion in neonates was  asso-
iated with a significantly higher rate of death or major bleeding
11].

. Assessing in situ efficacy

The development of tools to assess oxygen delivery to the tissues
12], as well as hemostasis [13] and overall homeostasis have the
otential of being most profitable to guide transfusion needs, and
ost importantly to evaluate transfusion efficacy. The provision of

uch tools to assess current blood products safety and efficacy in
elation with to donor, product and recipient characteristics will
ndoubtedly bring hemovigilance a step further. Furthermore, the
ssessment of “novel again” blood products such as whole blood
14] or platelets stored at 4 degrees Celsius [15] in the setting of
cute bleeding would clearly benefit from such tools as well.

. Differing blood products

The impact of RBC storage duration and/or manufacturing pro-
esses on patient outcome, and therefore safety, have drawn
onsiderable attention. Following numerous observational stud-
es suggesting that prolonged RBC storage was associated with a
eleterious clinical outcome [16], several recent prospective ran-
omized trials in various clinical settings not only were unable to
onfirm a deleterious effect of long-term stored RBC (as assessed by
ecipient survival) [17,18], but to the contrary raise the hypothesis
hat long-term storage may  possibly be preferable to short-term
torage [19,20].

Recently, differing methods of whole blood processing have
een found to affect the quality of RBC [21], and may  possi-
ly influence patient outcome as well [22]. Metabolic changes in
tored RBC supernatants impacting the plasma metabolome of
ealthy transfusion recipients has been reported, with notably
xylipins (associated with negative hemodynamic properties) and
lasticizers from end-of-storage RBC accumulating ∼ 20 fold in the

loodstream of transfusion recipients [23]. Such accumulations
ay  vary depending on the recipients (i.e. higher plasticizers expo-

ure in transfused neonates [24]) and could therefore warrant
pecific transfusion strategies in high-risk patients.
 Biologique 26 (2019) 188–191 189

6. Differing donors

Donor characteristics obviously differ significantly and may  also
have a significant impact on transfusion recipient outcome. In fact,
the early knowledge regarding the consequences of differing red
blood cells groups between donor and recipients brought trans-
fusion medicine to the forefront of personalized (or “precision”)
medicine [25], way  before such a concept was  put forward in
oncology and elsewhere in medicine [26]. Nevertheless additional
donor characteristics have only recently been considered (with the
notable exception of measures to mitigate TRALI) [27], without yet
questioning the “first in – first out” rule governing the choice of
blood products to be transfused.

The RBC from female donors exhibit lower level of hemolysis
compared to RBC from age-matched male donors [28]. Such gen-
der bias is also found with gamma  irradiation-induced hemolysis.
Increased resistance to mechanical and oxidative stress as well as
younger population of circulating RBC in premenopausal female
blood donor have been put forward as potential mechanisms for
such an effect. Interestingly, frequency of blood donations, irre-
spective of donor gender, may  also modulate RBC predisposition
to hemolysis [29]. Red blood cells collected from frequent donors
with low ferritin have been reported to be associated with altered
susceptibility to hemolysis. On the other hand, female gender (and
younger age) have been associated with a lower PH in platelets [30].
More recently, novel approaches such as untargeted metabolomics
analysis of donors have identified varying metabolic markers of
hemolysis in RBC based on gender, age and ethnicity [31]. Fur-
thermore, storage-induced oxidant stress vary significantly from
donor to donor, thus establishing that chronological age of a stored
unit of blood does not equate to biologic age of the same unit
[32].

A number of large-scale observational studies assessing a poten-
tial relation between donor age or gender and transfusion outcome
have produced rather striking and contradictory results. A first
Dutch study in 2011 reported an association between donor gender
and mortality in transfusion recipients with increased mortal-
ity in male recipients of female blood products when compared
to the 3 other combinations [33]. A more recent study from the
same group confirmed overall such findings while noting that the
observed increased mortality in male recipients was  limited to
males under 50 years of age and to female donors with previous
pregnancies [34]. Such findings, if confirmed, raise the intriguing
possibility that immunity against chromosome Y – encoded minor
histocompatibility antigens in female donors exposed to male anti-
gens during pregnancy could be contributive [35]. A Canadian
study found that recipient mortality was  increased after exposure
to RBC from female donors and young donors [36]. However, a
more recent study using the Scandinavian Donations and Trans-
fusions (SCANDAT) database did not report concordant findings
[37]. Methodological considerations, in particular the necessity to
model appropriately the association between the number of RBC
transfusions and recipient survival may  explain these discrepancies
[38].

7. A “new deal” for hemovigilance?

Overall, issues surrounding transfusion safety have significantly
evolved to now fully encompass transfusion efficacy. Novel means
to assess transfusion safety and efficacy need to be developed
and implemented. Such means range from methods assessing

in situoxygen delivery as well as local and systemic homeostasis
to the analysis of large-scale biological and populational databases
pertaining to donors and recipients. Furthermore, hemovigilance-
driven prospective randomized transfusion clinical trials should
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e encouraged. Long after the demonstration of the importance
f “personalized/precision” transfusion medicine with regard to
mmuno-hematology , ongoing investigations may  reveal that opti-

al  transfusion care requires taking into account novel criteria’s
n relation with donor, blood product and/or recipient character-
stics. Preparing for these evolutions is both a challenge and an
pportunity for hemovigilance.
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