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Why might cord blood be a better
source of platelets for transfusion
to neonates?

Valeria Cortesi**, Giacomo Cavallaro’, Genny Raffaeli**, Stefano Ghirardello?,
Fabio Mosca**, Thomas R.L. Klei*, Suzanne Fustolo-Gunnink*%7,
Simon Stanworth®, Helen V. New?®, Emoke Deschmann®, Enrico Lopriore®

Thrombocytopenia (defined as a platelet count <150x10°/L) is a common condition
in preterm neonates and may occur in 18-35% of all infants admitted to the Neonatal
Intensive Care Unit (NICU). Neonatal platelet functionality in terms of reactivity is often
described as reduced compared to adults, even in healthy, term neonates. However,
this platelet “hyporeactivity” does not correspond to a global functional impairment
of the normal delicately balanced neonatal hemostatic system. The extent to which
neonatal thrombocytopenia and platelet hyporeactivity contribute to the bleeding
risk in preterm neonates remains unknown. Prophylactic platelet transfusions are
often administered to them to reduce the risk of bleeding. However, recent literature
indicates that adopting a higher platelet transfusion threshold than a lower one results
in significantly higher death rates or major bleeding and can be harmful. Although
the mechanism by which this occurs is not entirely clear, a mismatch between adult
transfused platelets and the neonatal hemostatic system, as well as volume overload,
are speculated to be potentially involved. Therefore, future research should consider
novel transfusion products that may be more suitable for premature neonates. Blood
products derived from umbilical cord blood (UCB) are promising, as they might
perfectly match neonatal blood features. Here, we discuss the current knowledge
about UCB-derived products, focusing on UCB-derived platelet concentrates and
their potential for future clinical application. We will discuss how they may overcome
the potential risks of transfusing adult-derived platelets to premature infants while
maintaining efficacy.
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INTRODUCTION

Thrombocytopenia (defined as a platelet count <150x10°/L) is a common finding in preterm

neonates, as it may occur in 18-35% of infants admitted to the Neonatal Intensive Care
Unit (NICU) and 73% of extremely low birth weight infants (ELBW)"2. In term neonates,
thrombocytopenia is quite rare, with a prevalence of 1-5%"3. Thrombocytopenia can
be divided into early- and late-onset, depending on the onset time before or after
the first 72 hours of life. Early-onset thrombocytopenia is often associated with
intrauterine growth retardation (IUGR), maternal hypertension, or pre-eclampsia**.
In a well-appearing term neonate, early-onset thrombocytopenia is usually due to fetal
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neonatal alloimmune thrombocytopenia (FNAIT) or

autoimmune thrombocytopenia (maternal systemic
lupus erythematosus, immune thrombocytopenia)*<*.
Late-onset thrombocytopenia is often due to sepsis or
necrotizing enterocolitis and may be isolated or part of
disseminated intravascular coagulation (DIC)**%,
Regarding platelet function, neonatal platelet
“hyporeactivity” does not correspond to globalhemostatic
functional impairment in normal conditions**. On the
contrary, this feature seems to be an integral part of a
delicately balanced neonatal hemostatic system™ s,
The extent to which thrombocytopenia and platelets
hyporeactivity, which are more frequent in preterm
infants, contribute to the bleeding risk in this population
remains unclear, including the impact on the incidence
of intraventricular hemorrhage. Prophylactic platelet
transfusions are often administered to preterm neonates
to reduce the risk of bleeding™”. However, recent studies
demonstrated that adopting a higher vs a lower threshold
to transfuse platelets does not prevent bleeding and can
be associated with harmful consequences, such as death
and major bleeding®*. Therefore, neonatologists
should try to lower the transfusion threshold in line
with those used in the studies. Research should focus on
identifying thrombocytopenic patients with the highest
bleeding risk and optimizing transfusion products
for preterm neonates. Blood products derived from
umbilical cord blood (UCB) might have a future role in
this context.

In this narrative review, we will address the current

knowledge and the unsolved questions about the

differences between neonatal and adult platelets,
neonatal thrombocytopenia, platelet transfusions, and
their relationship with bleeding. In addition, we will
discuss the current gaps in knowledge about transfusion
risk/benefit ratio and explore the possible future of
neonatal transfusion medicine, focusing on cord
blood-derived products as a promising source of blood

products for neonates.

PLATELET COUNT AND FUNCTION: WHAT ARE
THE DIFFERENCES BETWEEN NEONATES AND
ADULTS?

Hemostasis in fetal and neonatal life is a complex and

dynamic process, with several differences compared to
adult life". At birth, the hemostatic system still needs
to be wholly developed, and platelet numbers and
functional impairment have been broadly described™.

Platelet count gradually increases during fetal life and
usually reaches values similar to those in post-natal
life (>150x10°/L) in the third trimester of pregnancy.
Thrombocytopenia (a platelet count <150x10°/L) is
hence a rare finding in term newborns'?. In contrast,
thrombocytopenia is more common in preterm
neonates and may occur in up to 18-35% of infants
admitted to NICU and 73% of ELBW infants (Table I)"2.
These features may be attributed to the differences
in megakaryocytopoiesis and thrombocytopoiesis

among neonates and adults. Thrombopoietin

is higher in term and preterm neonates than
adults, and megakaryocyte progenitors proliferate
faster, producing larger megakaryocyte colonies.

Table I - Differences between neonatal and adult platelets

Neonates

Adults

Platelet count

patients and 73% of ELBW)"?

Often low in preterms (18-35% of the NICU

« 150-450x10°%/L

Megakaryocytopoiesis and
thrombocytopoiesis features

TPO concentration is higher

larger colonies

MK progenitors proliferate faster and produce

MKs are cytoplasmically more active'?!

« MKs are larger and with higher ploidy>*

Platelet function Platelets are hyporeactive,

platelet granule content®1321.22

with
response to agonists and reduced secretion of

reduced | « Higher response to agonists, higher content of
dense granules and increased exocytosis of alpha

granulesti113:21.22

Hemostatic features

polymerslz,l3,18,zl

Shorterbleedingand closure times due to higher
HCT values, MCV, vWf concentration, longer vVWF

« HCT 36-54%
+ MCV 80-100 fL
« Lower vWf concentration and shorter polymers!?13:182

MKs: megakaryocytes; ELBW: extremely low birth weight; TPO: thrombopoietin; MCV: mean corpuscular volume; HCT: hematocrit; NICU: Neonatal Intensive

Care Unit; vWf: von Willebrand factor.
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These megakaryocytes are smaller, have lower ploidy,
and may be more immature than those derived from
adult progenitors. Otherwise, neonatal megakaryocytes
are cytoplasmically more active than adult ones, meaning
that megakaryocytopoiesis is characterized by the rapid
proliferation of megakaryocytes with full cytoplasmic
maturation at low ploidy levels. This mechanism is
thought to provide the ability to expand bone marrow
rapidly and blood volume without

thrombocytosis (Table I)"*.

determining

Platelet function also differs between neonates and
been described

as hyporeactive compared to adult ones®®. Cord

adults. Neonatal platelets have
blood-derived platelets showed reduced responsiveness
to agonists such as adenosine 5-diphosphate (ADP),
epinephrine, collagen, thrombin,and thromboxane®?22,
This probably depends on fewer adrenergic receptors,
different pathways downstream from the receptors, and
impaired calcium mobilization"??2. The agonist-induced
secretion of platelet granule content is reduced in
both term and preterm newborns, especially due to
the lower content of dense granules and the reduced
exocytosis of alpha granules® (Table I).

However, this

platelet hyporeactivity would not

correspond to global functional hemostatic
impairment, as healthy full-term newborns do not
show clinical evidence of hemostatic disruption or a
tendency to bleed. This clinical observation has been
supported by bleeding and closure times which are
even shortened in newborns compared to adults®31%2,
This paradoxical finding may be attributed to higher
hematocrit levels, mean corpuscular volume, von
Willebrand factor (vWf) concentrations, and longer
vW{ polymers'>. All these factors provide adequate
primary hemostasis and counterbalance platelet
hyporeactivity in newborns (Table I)'>118:21,

However, in preterm neonates, platelet hyporeactivity
seems to be more pronounced, especially among the
most premature ones (<30 weeks of gestational age),
with an inverse correlation with gestational age">2"%,
Similarly, closure and bleeding times appear to be
inversely correlated with gestational age, but even in
most preterm newborns, their values are not longer
than in adults*®2.

These alterations in neonates

are predominantly present during the first week of
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life, with conflicting results on the exact timing of
“normalization” in platelet function">'%22527. How
thrombocytopenia and platelet hyporeactivity, typical
of ELBW neonates, contribute to the bleeding risk in this
population remains unknown'*. This feature seems
to be an integral part of a delicate balanced hemostatic
system rather than a developmental deficiency*. In
summary, the primary hemostasis differs in term and
preterm newborns from adults but shows a delicate
balance to prevent bleeding and thrombosis™*.

Other parameters may help evaluate the bleeding risk
beyond platelet count and function. The immature
platelet fraction (IPF) represents the younger and
reticulated platelets released from the bone marrow
in response to a thrombopoietic stimulus®. Similarly
to reticulocytes, IPF can represent the production
rate and the state of thrombocytopoiesis. IPF can be
expressed as a percentage of the circulating platelets
(IPF%) or as an absolute number (IPF#). IPF can be
measured automatically with the cell blood count
without additional sampling. Reference ranges for
non-thrombocytopenic newborns have already been
established, with gestational age and post-natal day
stratification. In general, IPF% increases in the first 2
weeks of life and returns to baseline values at the end of
the first month. IPF% and IPF# are higher in premature
infants, consistently with higher thrombopoietic
activity during fetal life. IPF is significantly higher
in thrombocytopenic newborns, with an inverse
correlation to the severity of thrombocytopenia®**.
In addition, IPF could help predict the evolution of
thrombocytopenia, as an increase above 8% predicts an
increase in the platelet count on the following day®*.
As such, this parameter may be used in transfusion
decision-making.

Moreover, IPF# may help discern thrombocytopenia
derived from increased peripheral consumption from
reduced production®. For example, thrombocytopenic
preterm infants with necrotizing enterocolitis or
sepsis showed decreased IPF#, as the pathophysiology
of thrombocytopenia might be explained by reduced
bone marrow platelet production®**. The NEOHAT-2
study, an ongoing multicenter trial (NCT04598750), is
currently evaluating the role of IPF as a predictor of
bleeding risk in preterm newborns.



THROMBOCYTOPENIA AND BLEEDING IN
NEONATES: IS THERE A CLEAR ASSOCIATION?

PLATELET TRANSFUSIONS IN NEONATES:
DO THEY GENUINELY PREVENT BLEEDING?

Approximately 6-11% of neonates admitted to NICU,
mostly preterm, experience major bleeding, including
intracranial hemorrhage (primarily intraventricular
[[VH])*w#33,  These bleedings
multifactorial events, with several risk factors with

hemorrhage are
established roles and others with a less clear impact
on the bleeding risk. Thrombocytopenia, such as
respiratory and hemodynamic instability, is often
considered a risk factor for bleeding>*.

In preterm neonates, a causal relationship between
thrombocytopenia and IVH has never clearly been
demonstrated®***¢. They are often temporally associated,
but this does not establish a causal association®*34%,
Neonates with severe thrombocytopenia often do
not experience bleeding episodes, and inversely, up
to 25-38% of premature newborns with IVH are not
thrombocytopenic®®**. In the PlaNet-study, 91% of
the neonates enrolled, despite thrombocytopenia
<60x10°/L, had only minor bleeding or did not
Notably, both IVH and
thrombocytopenia are usually asymptomatic and

have bleeding at all®.

detected by routine tests. This feature makes it even
more challenging to establish a causal relationship
between them since a cranial ultrasound is often
performed once severe thrombocytopenia is detected
(to rule out IVH) and, vice-versa, a platelet count
is measured once an IVH is detected (to rule out
thrombocytopenia).

Moreover, the progression of IVH does not correlate
with the severity of thrombocytopenia and platelet
trend*>**. The
complicated in simultaneous events such as sepsis,

count situation gets even more
which may determine both thrombocytopenia and
IVH without a direct connection. Lastly, a severe
IVH may lead to platelet consumption and severe
thrombocytopenia, making it often very challenging,
if not impossible, to determine which occurred first: a
classic “chicken or the egg” discussion.

If thrombocytopenia itselfis not a sufficient marker of
bleeding risk, other new factors should be considered
to identify patients who would benefit from a platelet
transfusion, i.e., IPF or functional tests such as
PFA-100%%%,

In this context of thrombocytopenia and platelet
“hyporeactivity”, neonatologists often prescribe platelet
transfusions, especially in preterm neonates, hoping to
prevent or reduce the risk of bleeding. Approximately 80%
of platelet transfusions and up to 98% are administered
bleeding,
but evidence about their usefulness is limited and

prophylactically to newborns without
controversial*?,
Platelet 75% of

thrombocytopenic newborns with a platelet count

transfusions are given to over
<50x10°/L, with different thresholds across hospitals and
countries*>*. In Europe, a platelet threshold of 25x10°/L
is usually adopted for stable infants without evidence of
bleeding. In the United States, thresholds are generally
higher, with transfusions given when the platelet count
falls below 50x10°/L or even 100x10°/L*#. This variability
of transfusion practice worldwide is due to the lack of
consensus and considerable variation in international
guidelines**. A recent survey from Neonatal Transfusion
Network led in European NICUs showed that 47-57% of
NICUs use platelet count thresholds above 25x10°/L for
stable non-bleeding infants*.

Arecent rial of platelet transfusion threshold, the PlaNeT-2
trial, randomized preterm neonates to receive platelet
transfusion with a threshold of 25x10°/L (restrictive group)
or 50x10°/L (liberal group). In the liberal group, 90% of
neonates received at least one transfusion, against 53% of
neonates in the restrictive group. Surprisingly, the rate of
death or major bleeding within 28 days and the incidence
of bronchopulmonary dysplasia were significantly lower in
the restrictive group”. The authors of this trial suggested
then adopting a threshold of 25x10°/L platelets to transfuse
non-bleeding infants and a threshold of s0x10°/L in
bleeding infants, irrespective of the clinical condition®.
However, some limitations have to be noticed: only 37% of
the infants were randomized by day 5 from birth, which is
the higher bleeding risk period, and almost 40% received
one or more transfusions before randomization®*.
Another randomized trial reported no difference between
the effects of two transfusion thresholds on time needed
fora patent ductus arteriosus to close in preterm neonates.
Moreover, the liberal transfusion group (transfused when
platelet count was <100x10°/L) had a higher incidence of
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IVH than the restrictive group (cut-off for transfusion
<20x10%), respectively 41 vs 9.1%2>22446, That considerable
difference was not confirmed for high-grade IVH.
Interestingly, the cumulative volume administered was
an independent predictor of IVH, with a 4.5% odd for
every extra mL/kg transfused. The authors assumed that
this higher rate of IVH may be due to a sudden increase
in circulating volume during the transfusion, resulting in
cerebral blood flow fluctuation?®.
These studies demonstrate that using a higher threshold to
transfuse platelets does not prevent bleeding and can even
be associated with harmful consequences and possibly
increase the risk of bleeding**°. Therefore, the dogma
that prophylactic platelet transfusions prevent bleeding
in this patient group may be more intricate than we have
always assumed.

The exact explanation for the contra-intuitive results of

the PlaNet-2 trial still needs to be discovered.

Two mechanisms have been suggested to explain this

unexpected result based on either transfusion volume

overload or transfusion-related inflammatory reaction.

« Volume overload mechanism. The volume of a
neonatal platelet transfusion is usually 10-20 mL/kg,
approximately three times the standard volume per
kg transfused to an adult receiving a unit of platelets
(depending on patient weight). The volume transfused

1. Volume-overload mechanism \

10-20 ml/kg in 30 min-1h

Volume overload

* Hemodynamic
instability

* TRALI/TACO

to neonates corresponds to about 15-20% of the
circulating blood volume of a preterm newborn?.
Platelet concentration in the transfusion bags is about
800-1,600x10°/L. In contrast to red blood cell (RBC)
transfusions, administered slowly over 3-4 hours
(approximately 5 mL/kg/hour), platelet transfusions are
administered relatively rapidly over 30 minutes to 1 hour
(about 10-20 mL/kg/hour), and sometimes even more
quickly. This rapid volume expansion in an otherwise
normovolemic neonate may have detrimental effects on
a background of vascular fragility and hemodynamic
instability, typical of most preterm neonates, and
may, in turn, contribute to the pathogenesis of IVH
(Figure1)*>. Transfusion-related acute lung injury (TRALI)
and transfusion-associated circulatory overload (TACO)
are other transfusion-associated adverse effects. They
are not well-defined in newborns. The pathogenesis is
still unclear, but the clinical presentation includes acute
respiratory distress with hypoxemia and pulmonary
edema. Pediatric patients might be at higher risk of
TRALI and TACO, but data on newborns are scanty,
with these conditions probably under-reported in this
population due to the lack of a clear definition®.

« Thrombo-inflammation mechanism. Platelets have
an important immunologic and inflammatory role, as
they may determine immune activation mediated by

2. Thrombo-inflammation mechanism

Hyperactive adult-derived platelets

* Proinflammatory stimulus ﬁ N

Prothrombotic derangements

«Developmental mismatch»

Figure 1 - The two possible harmful pathogenetic effects of transfusing adult-derived platelets into neonatal

blood are represented

TACO: transfusion-associated circulatory overload; TRALI: transfusion-related acute lung injury. Created with BioRender.com.
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cytokines and chemokines through surface receptors or
the release of the granular content™. Neonatal platelets
exhibit a reduced ability compared to adult platelets
in activating immune cells mediated by the reduced
levels of P-selectin. In this context, platelet transfusions
from adult donors may act like a pro-inflammatory and
pro-thrombotic trigger and lead to the “developmental
mismatch” between neonatal and adult blood*. The
“developmental mismatch” involves the disruption of the
normalneonatalbalance, inwhicharelative procoagulant
blood phenotype probably counterbalances the relative
defective platelets functionality. Pro-inflammatory
reactions secondary to the transfusion, platelet-derived
reactive oxygen species, and proangiogenic factors
might damage the lung capillary bed, contributing to
bronchopulmonary dysplasia, as found in the PlaNeT-2
trial”®. Furthermore, when adult “hyperreactive” platelets
are transfused into neonatal blood, they may lead to
thrombotic complications and fail to prevent bleeding
episodes*® (Figure1).
An invitro study showed that if cord blood or adult-derived
platelets are mixed with cord or adult thrombocytopenic
blood, the adult-derived platelets were more reactive than
cord-derived platelets in response to various agonists,
whichever type of blood they were mixed with*. However,
when adult platelets were placed into cord blood, PFA-100
closure times were shorter and clot strength higher than
when they were placed into neonatal blood*. Moreover,
adult donor animal-derived platelets injected in the
fetal yolk sac circulation in a murine model determined
spontaneous platelet adhesion and platelet aggregate
formation at multiple sites of the yolk sac. This supports
the hypothesis that this “developmental mismatch”
may disrupt the hemostatic balance of newborns in a
prothrombotic direction?*5°.
In conclusion, through the two mechanisms mentioned
above (volume overload and thrombo-inflammation),
adult-derived platelet transfusion may increase the risk of
bleeding, thrombosis and other adverse outcomes.
In summary, given all the differences between neonatal
and adult platelet activity and functionality, the potential
for an adverse impact of transfusing adult platelets
to preterm infants has to be considered. Therefore, in
addition to possible further lowering of the transfusion
threshold, future research might focus on novel

transfusion products which are potentially less harmful
and more suitable for preterm neonates.

INNOVATIVE STRATEGIES: WHAT IS THE ROLE OF
CORD BLOOD-DERIVED PRODUCTS NOW AND IN
THE NEAR FUTURE?

In recent years, new technologies have been searched to
improve the quality of platelet products for neonates, such
as modification of adult platelets by pre-treatment with
specific neonatal-mimicking inhibitors or age-matched in
vitro production of platelet concentrates*.

In this context, blood products derived from UCB
have been studied and developed for several clinical
applications®**. UCB is mainly used for hematopoietic
stem cell transplantation for children and adults with
hematological diseases. However, in about 80% of cases,
donated units are discarded due to insufficient stem
cellss¢. In these cases, novel clinical applications have
been considered.

Due to the high hemoglobin content, UCB has been
considered a source of RBCs for transfusion in newborns.
It has been studied in many research projects, both as
whole blood and as RBCs concentrate, for autologous or
allogeneic use, in patients of any age. Autologous UCB
transfusions have been studied for perinatal transfusion
These

required cardiac surgery soon after birth or premature

needs™ . studies enrolled newborns who
newborns’*¢2. Results have been mainly positive, with a
hematocrit or hemoglobin increase similar to allogeneic
transfusions and no reported transfusion-related side
effects™*2. In a study by Kotowshi et al., prematurity-
related complications (bronchopulmonary dysplasia, IVH,
necrotizing enterocolitis, respiratory distress syndrome)
were reduced in the group transfused with autologous
transfusions®. Clinical application of autologous UCB
transfusions is limited, as their volume is usually
insufficient to satisfy the whole requirement of anemia
of prematurity. In the studies by Brune, Jansen and
Khodabux, the need for additional allogeneic transfusions
has been reported between 50% and 70% of enrolled
patients, the more likely the lower the birth weight or the
gestational age were’*¢. Autologous UCB transfusion
can be more suitable for patients requiring surgery after
birth or for priming the cardiovascular bypasss*®. These

results have been mainly reported before the spreading
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of strategies that limit iatrogenic blood losses, such as
delayed cord clamping, so that they might be outdated
nowadays™ .

Allogeneic umbilical cord blood transfusions were then
explored for anemia of prematurity, as they contain mainly
fetal hemoglobin (HbF), similar to premature newborns®.
Adult Hb, provided with adult-derived RBC transfusions,
has a lower oxygen affinity and a higher release of oxygen
to tissues. This mechanism may increase reactive oxygen
species, contributing to the pathogenesis of retinopathy
of prematurity, bronchopulmonary dysplasia, endothelial
dysfunction, and necrotizing enterocolitis®7°.

In this context, allogeneic UCB transfusions are
promising”. The first clinical trials showed safety without
adverse events and a similar increase in hematocrit
compared to adult-derived RBC™7. In one study by Hassal
et al., performed in a low-income setting, the authors
showed the feasibility of transfusing allogeneic RBCs in
anemic pediatric patients and demonstrated the absence
of transfusion-related adverse reactions”.

A study by Bianchi et al. that enrolled ELBW infants within
the first four weeks of life demonstrated an equivalent
increase in hematocrit following either an adult
or CB transfusion. At four weeks of life, patients
required an equal number of transfusions on average.
Furthermore, no acute transfusion responses or adverse
transfusion-related events were reported in this study”.
An Italian research group is currently leading a large
multicenter randomized trial to compare the effect of
adult-derived RBCs transfusions vs UCB-derived RBCs
transfusions on retinopathy of prematurity in extremely
low gestational age newborns (NCTos100212). Further
research is needed to explore the use of this product.

UMBILICALCORDBLOOD-PLATELET DERIVATIVES

Cord blood platelet concentrate has been obtained from

whole cord blood with a standard protocol in Italy and
Spain®=**, Platelet-rich plasma, derived from cord blood,
has been successfully used as a regenerative product,
as platelets may promote wound healing. Platelet-rich
plasma contains a significant concentration of platelets,
about 1x10%/mL, which may secrete their content in
the local environment, especially growth factors, but
also interleukins and chemokines, all stored in platelet
alpha granules. These factors stimulate the proliferation
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and differentiation of cells, enhance chemotaxis
to the damaged area, and tissue regenerations*’s7,
Platelet-rich plasma-derived products from the UCB are
richer in growth factors and poorer in inflammatory and
immunomodulatory factors than those derived from adult
peripheral bloods*”. These features reflect the relative
immaturity of the innate immune system of healthy-term
newbornss*7.

Platelet-rich plasma can be used as platelet gel, lysate, or
serum. In the caseofplateletgel, fibrinogen polymerization
is needed to form a three-dimensional semisolid fibrin
gel. Repeated freeze-thaw procedures are performed in
the case of lysate™*. Serum-containing platelet factors
require blood collection without anticoagulant, so the
clotted blood is hard centrifuged and recovered. Platelet
serum and lysate are usually diluted in a saline solution.
UCB platelet gel has been successfully used in dystrophic
epidermolysis bullosa skin and oral lesions, mucositis
and esophagitis after stem cell transplantation,
diabetic foot ulcers, recurrent perianal fistula, and
for pressure ulcers in newborns”¥. In addition,
UCB-derived serum has been used mainly in ocular
surface lesions, dry eye, and mucocutaneous lesions

graft-versus-host-disease-relateds*.

FUTURE PERSPECTIVES: PLATELETS FROM
UMBILICAL CORD BLOOD

Similarly to RBCs, platelet concentrates derived from

UCB might be a promising component for transfusing

thrombocytopenic  newborns. However, standard
protocols to get this product have yet to be developed, and
more studies are required to explore this topic.

Megakaryocytesex-vivoproduction, as asource of platelets,
has been explored in the past few years to overcome some
limits of platelet concentrates, such as the limited shelflife
and the development of alloimmune platelet transfusion
refractoriness®®®. Megakaryocytes can be obtained
from self-renewable embryonic, induced pluripotent
stem cells or immortalized or chemically defined
megakaryocyte cell lines. UCB has been successfully
used as a stem cell source®*. In vitro, expansion of stem
cells in static conditions is more efficient from UCB than
from peripheral blood, as in von Willebrand factor-coated
microfluidic flow chambers, with phenotypic features

quite similar between UCB and peripheral blood®.



From one CD34+ cell, up to 1x10¢ megakaryocytes can be
obtained. With a system simulating the microenvironment
of megakaryocyte maturation and platelet release,
70-80 platelets per megakaryocyte can be generated. This
system might overcome the main problem of the clinical
application of these megakaryocytes, which is the low rate
of platelet generation®*s. Optimization of the induction
system and quality and quantity of platelet production still
have to be studied, as well as platelet ultrastructure and
function®*>%. However, a few clinical trials have already
been performed with this technique: megakaryocytic
progenitor cells were administered with positive effects
to thrombocytopenic adults without adverse effects nor
graft versus host disease in a 1-year follow-up, without
ABO blood group and HLA type matching®**. In the
iPLAT1 trial, the authors managed to administer induced
pluripotent stem cells-derived platelets, without any
adverse reaction. Interestingly, they did not observe an
increase in the platelet count, but larger platelets, as the
ones derived by the stem cells are, were detected by flow
cytometry in peripheral blood®.

In this context, it could be interesting and promising
to achieve UCB platelet concentrate production and
evaluate its biological activity, especially regarding platelet
functionality and storage properties. Such a novel product
may overcome all the potential risks of transfusing
adult-derived platelets in premature infants and be a safer
alternative for our neonates. Indeed, in a UCB-derived
product, platelet function and immunologic profile are
expected to be more similar to the neonatal ones compared
to an adult-derived product. This “physiology matching”
leads to the biological plausibility of using UCB-derived
platelets to treat thrombocytopenic newborns. The
reduced ability of neonatal platelets in activating an
immune response might be an advantage of a UCB-derived
product, as it would reduce inflammation, which is a major
determinant of hemostatic imbalance and unfavorable
outcomes. As an illustration, proinflammatory triggers
play a significant role in the multifactorial pathogenesis
of bronchopulmonary dysplasia”. Platelet products have
already been reported to contain pro-inflammatory
the
relationship between platelet biogenesis and pulmonary

bioreactive  components®**°.  Evidence about

development is rising, as well as a possible platelet
implication in alveolarization and lung regeneration'>*,

Of course, the achievement of such a product would
probably be complex, as many factors must be considered.
The UCB bags, even if adequately designed for cord blood
collection, might need adjustment due to the volume of
the cord blood itself and the amount of citrate phosphate
dextrose needed.

Moreover, filtration, usually performed to eliminate the
white cells, might also decrease the platelet’s number,
despite filters being “platelet sparing”. The starting volume
would probably be quite low, as well as the platelet count in
the UCB. This might be an issue, considering that the high
platelet number in adult-derived platelet concentrates
(800-1,600x10°/L) might be challenging to obtain. Pooling
some ABo-matched cord blood together could be an option
to overcome the volume problem, but it is associated with
an increased risk of immune reactions. In fact, although
the ABo compatibility greatly decreases the risk of acute
hemolytic reactions, minor antigens, different across
donors, might still be present. They might be responsible
for incompatibility reactions between the donor and the
recipient.

Nowadays platelets are usually stored in platelet
addictive solution-E (PAS-E), and previously they were
re-suspended in plasma, but which one is the best solution
for UCB-derived products is unknown.

Once faced with all these problems, platelet storage
properties, such as activation, apoptotic and metabolic
markers, must be assessed and compared to adult-derived
platelet transfusions to check viability and establish
administration time and expiry date.

In addition, safety must be evaluated in terms of bacterial
contamination, as they are stored at room temperature.
Onceavalidated productsuitable forneonataltransfusions
is obtained, clinical safety and efficacy studies will be
required, including comparing this novel product to the
traditional adult-derived platelet concentrate.

CONCLUSIONS

Thrombocytopenia in preterm newborns is a common
issue in NICU. However, primary hemostasis is not
defined just by platelet count, and other parameters
should be considered, such as functional studies and IPF.
Thrombocytopenia has traditionally been considered one
of the most critical risk factors for bleeding, but a causal
association between low platelet count and IVH, the
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most typical major bleeding of prematurity, has never
been demonstrated. As recent studies showed that lower
transfusion thresholds are associated with reduced risk of
bleeding and death, transfusing platelets prophylactically
with a platelet count above 25x10°/L is a practice that
should be avoided. A shared international neonatal
platelet guideline is needed to optimize worldwide
neonatal practice on transfusion thresholds.

Recent studies suggest that the current treatment
of neonatal thrombocytopenia with prophylactical
adult-derived platelet products may not be the best option
for newborns. In this context, the development of novel
cord blood-derived transfusion products, potentially
more similar to the physiologic hemostatic system of the
newborn, although challenging, should be considered as a
future direction for research.
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