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Abstract

Background: The BORN trial suggested that using cord blood-red blood cells

(CB-RBCs) to transfuse severely preterm neonates significantly improves clini-

cal outcomes compared to standard adult donor RBCs (A-RBC).

Study Design and Methods: The study illustrates CB-RBC concentrate pro-

duction and inventory management across nine CB banks participating in the

BORN trial. Quality requirements were those established by the European reg-

ulation for leukocyte-depleted RBC concentrates in additive solution. The com-

pliance rate among centers was reported.

Results: During the BORN study, 451 CB-RBC units were processed and

107 were transfused to 69 patients in the intervention arm. However, for 67 trans-

fusion requests, no compatible CB-RBC units were available and adult-RBCs were

given. The CB-RBC inventory comprised a minor fraction of CB units collected

during the study period, suggesting that many did not meet the protocol-defined

volume threshold of 67 mL at collection. Quality control results showed that

84.0% of units achieved target hematocrit (Htc) levels (50–70%), with higher suc-

cess rates in centers processing more CB units. All centers met quality standards,

maintaining residual leukocytes below 1 � 106 and end-storage hemolysis below

0.8% in more than 90% of cases. CB-RBC availability was significantly limited by

the time required for bacterial testing results and the need for γ-irradiation.
Discussion: These data suggest that the standardized CB-RBC production is

reproducible. Moreover, extending CB-RBC storage to 21 days could maximize

the inventory utility.

KEYWORD S

extremely low gestational age neonates, fetal hemoglobin, randomized controlled trial,
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1 | INTRODUCTION

Clinical research in neonatal transfusion has recently chal-
lenged the preexisting dogma guiding blood product
administration. Particularly in the clinical setting of prema-
turity, the lack of evidence of the beneficial impact of the
liberal use of blood products led to reduced transfusion
thresholds for both red blood cell (RBC) and platelet con-
centrates, while a few indications are nowadays recognized
for administering plasma.1–4 Likewise, a growing body of
evidence established a connection between transfusions
and poorer outcomes. Among the underlying pathogenetic
mechanisms, the oxidative stress conveyed by blood prod-
ucts themselves seems to be implicated.5 One of the conse-
quences of RBC transfusion in extremely low gestational
age neonates (ELGANs) is the non-physiological replace-
ment of fetal hemoglobin (HbF) by the adult one (HbA).6

Repeated RBC transfusions abnormally increase the HbA
levels, and due to the lower oxygen affinity of HbA, it
results at the cellular level in a hyperoxic challenge.7 This
process likely worsens the clinical course of the so-called

“oxidative stress-related diseases,” a group of conditions
typically observed in these fragile patients endowed with
an impaired antioxidant response.8

In a study carried out in 2015, we demonstrated the
feasibility of transfusing preterm neonates with RBC con-
centrates obtained from an allogeneic solidary donated
cord blood (CB) unit.9 Subsequently, in the proof-
of-concept CB-Trip trial, we showed that CB-RBC concen-
trates raise the Hb concentration without affecting physio-
logical HbF levels.10 Finally, in the subsequent BORN
trial, we have found that transfusing ELGANs with CB-
RBCs in their early postnatal life reduces the incidence of
more severe forms of retinopathy of prematurity (ROP)11

and bronchopulmonary dysplasia (BPD),12 the most fre-
quent oxidative stress-related diseases that can adversely
affect the long-term quality of life of these patients.13

During the abovementioned studies, we refined the
methods to process whole CB units into RBC concentrates,
to establish the minimum volume of processable units and
maximize RBC mass recovery even from low-volume units.
Moreover, the BORN trial posed us the challenge of getting
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reproducible standards among the different CB banks dis-
tributed across the national territory. Considering that only
one CB bank operates per region, comparable multicenter
operational data are essential to support the clinical trans-
lation of this transfusion strategy. This manuscript focuses
on the manufacturing feasibility and operational imple-
mentation of a CB-RBC inventory for patients in the
BORN trial. The information provided can represent a
model for future studies on CB-RBC transfusions as well as
the basis for implementing this groundbreaking transfu-
sion approach into clinical practice.

2 | MATERIALS AND METHODS

2.1 | Study design

Study design and outcomes have been previously
reported.13,14 Briefly, BORN was a prospective, random-
ized, multi-center, double-blinded, controlled trial enroll-
ing preterm neonates delivered at a gestational age
(GA) between 24 + 0 and 27 + 6 weeks. Patients were
recruited at eight Neonatal Intensive Care Units
(NICUs), and CB units were provided by nine CB banks

FIGURE 1 Main eligibility parameters adopted in the BORN study for processing CB units into RBC concentrates. Processing was

performed within 44 h of collection. After leukodepletion and centrifugation, aliquots of RBCs and plasma were used for bacterial and

fungal culture tests. RBCs were suspended in SAG-M additive solution and stored at 2–6°C (day 1). CB-RBC units were released after

microbial tests were negative (day 5–7), and units were transfused by day 14 to allow γ-irradiation. The units not used for transfusion were

used to assess the end-storage hemolysis rate. CB, cord blood; SAG-M, saline, adenine, glucose, mannitol; RBC, red blood cells.
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belonging to the Italian Cord Blood Bank Network. The
study was approved by the Ethics Committee of Fonda-
zione Policlinico A. Gemelli IRCCS (ID 4364, Prot.
N. 003590/21) and of all participating centers and was
registered at https://clinicaltrials.gov (NCT05100212).
Patients were randomized 1:1 to receive until
29 + 6 weeks postmenstrual age (PMA) either adult
donor-RBCs (A-RBCs, control arm) or allogenic CB-RBCs
(intervention arm). If compatible CB-RBC units were not
available, A-RBC units were administered. After
29 + 6 weeks of PMA, all patients received A-RBCs. Both
A-RBC and CB-RBC units were matched for ABO/RhD
blood group antigens and γ-irradiated at distribution.
Randomization was performed at blood banks through
the Research Electronic Data Capture (REDCap) (RRID:
SCR_003445) tool hosted at Fondazione Policlinico Uni-
versitario A. Gemelli, IRCCS (https://redcap-irccs.
policlinicogemelli.it/). The arm allocation was not visible
to neonatologists. To maintain blinding, A-RBCs and CB-
RBCs were distributed in the same type of bags. The pri-
mary outcome was the rate of severe ROP (defined as
ROP stage 3 or higher in zone I or II and/or the presence
of plus disease) at discharge or at 40 weeks of PMA,
whichever occurred first.

2.2 | CB-RBC collection and processing

Figure 1 summarizes the flow of CB units from collection
to transfusion or discard. Donation eligibility was defined
according to the Italian regulation on CB hematopoietic
stem cell donation. During pre-donation counseling, cou-
ples were informed that CB units deemed unsuitable for
transplantation could be processed into RBC concen-
trates and used to transfuse preterm neonates enrolled in
the BORN study. A minority of CB banks adopted a spe-
cific consent form, whereas most local Ethics Committees
deemed the national informed consent adequate, as it
encompassed the research use of cord blood units not
suitable for transplantation. CB units were collected in
30 mL of CPD. Criteria for processing into RBC concen-
trates were (1) total nucleated cell content <1.2 � 109

cells and no other criteria that could prevent the trans-
plant use according to Italian regulation (i.e., maternal or
paternal history of cancer, autoimmune hereditary
or genetic diseases, infectious diseases during preg-
nancy)15; (2) volume >67 mL with Hct >32%; (3) no clots
or hemolytic plasma; (4) negative direct antiglobulin test;
and (5) collection performed within 44 h before proces-
sing. The staff responsible for the processing were prop-
erly trained before the study. All units were kept stored
at 2–6°C until processing, which encompassed (a) the

whole blood filtration through the BioR Flex filters
(Fresenius Kabi) and collection of the filtered blood in
the CompoFlex 4F RCC Storage System bag; (b) the cen-
trifugation of filtered blood at 2979g, for 10 min, at room
temperature; (c) the fractionation with the Compomat
G5 cell separator (Fresenius Kabi) with two different pre-
specified programs depending on whether the post-
filtration volume was < or >80 mL; (d) the RBCs recov-
ery and suspension in saline, adenine, glucose, mannitol
(SAG-M) additive solution in a 2:1 ratio. The quality stan-
dards for CB-RBCs were the same established by the
European regulation for leukocyte-depleted RBC concen-
trates in additive solution and included residual leuko-
cyte content after filtration <106 cells (as evaluated by
flow cytometry according to center standard procedures),
Hct 50–70%, and end-storage hemolysis rate <0.8% of the
initial Hb content in a minimum of 90% of units tested.16

After processing, all CB-RBC concentrates were tested for
bacterial and fungal contamination, using pediatric
BacT/Alert blood culture bottles and automated detection
system (Biomèrieux, Marcy-l'Etoile, Lyon, France), and
stored at 2–6°C temperature. Criteria for release were:
negative serology for human immunodeficiency virus
(HIV), hepatitis B virus (HBV), hepatitis C virus (HCV),
and syphilis, and negative nucleic acid test for HIV, HBV,
and HCV on maternal plasma samples collected at the
time of delivery, and negative microbiological test. The
maximum storage length was 14 days to allow γ-irradia-
tion.16 Non-transfused units were used to assess the end-
storage hemolysis level (Figure 1).

2.3 | Data collection

Data were collected in REDCap in a dedicated eCRF.
Parameters at collection (date and time, volume, com-
plete cell blood count [CBC], ABO/Rh typing), at proces-
sing (date and time, RBC concentrate volume, CBC,
residual leukocytes, free hemoglobin), and at the end of
the storage (CBC, free hemoglobin) were recorded.

2.4 | Statistical analysis

Continuous variables were expressed as median and rela-
tive 25th-75th percentile range (interquartile range
[IQR]), and categoric variables as proportions (n, %). For
differences between groups Fisher's exact test for categor-
ical variables and the Mann–Whitney U test for continu-
ous variables were use. Correlation was expressed by the
Spearman's or Pearson's correlation coefficient, as appro-
priate (r). Two-sided tests were applied, and the statistical
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level of significance was set at 0.05. Quality control mea-
surements were performed on subsets of units. All avail-
able quality control data were included without
imputation of missing data and results were reported
based on the number of units tested. NCSS10 Statistical
Software 2015 (NCSS, LLC., Kaysville, Utah, USA, ncss.
com/software/ncss) and GraphPad Prism version 10.0.0
(GraphPad Software, Boston, Massachusetts, USA, www.
graphpad.com) were used.

3 | RESULTS

3.1 | CB-RBC inventory and the impact
on study management

The BORN study started in December 2021 and ended in
December 2024. During the 3-year study period, 451 CB-
RBC units were produced by nine CB banks. A total of
18 units (3.9%) were found positive at microbial testing
and were therefore not released: the positivity rate among
centers ranged from 0% to 10.3% (p < 0.001 at χ2 test).
The number of units processed was only a minor fraction
of that of 5467 units collected at the same sites during the
study period (data of the Italian Cord Blood Network
available at https://www.centronazionalesangue.it/
rapporti-di-attivita-delle-banche-sco/) (Figure 2): the
average proportion of collected CB units processed into
CB-RBCs was 8.4% (IQR 6.0–10.6), with a high variability
among centers, ranging from 2.7% to 18.9% (p < 0.001 at
χ2 test). This finding could be explained only in part by
the decision to prioritize O-group units for fractionation
(70.5%, Table 1). The number of processed units was pro-
portional to the amount of CB units collected at CB bank

(r = 0.742, Figure 3A) and of patients enrolled at the cor-
responding NICU (r = 0.757, Figure 3B).

During the study, a total of 458 RBC units were trans-
fused to 118 out of 142 enrolled patients: 240 to 60 neo-
nates in the control arm and 218 to 58 patients in the
intervention arm. Notably, 431 (94.1%) transfusions were
administered before 32 weeks of age, and 402 (87.8%)
before 30 weeks. In total, 351 transfusions were A-RBCs
and 107 CB-RBCs. CB units were released at a median
age of 7 days (IQR 5–11) and were irradiated at distribu-
tion. Regarding transfusions given before 30 weeks of
age, which marked the end of the intervention period,
patients in the experimental arm received 80 CB-RBCs
and 67 A-RBC units. These latter were administered
because no CB-RBC units were available at the time of
the transfusion request, despite the large number of units
processed. As reported, the BORN study outcomes were
significantly impacted by these protocol deviations.13 In
fact, 24 (42.8%) out of 56 evaluable patients in the inter-
vention arm received also A-RBCs, explaining the similar
incidence of severe retinopathy at intention-to-treat
analysis.13

3.2 | Main characteristics of CB units
and quality parameters of CB-RBC
concentrates

Table 1 illustrates the characteristics of the 451 CB units
at collection and their ABO/Rh typing distribution.
Median volume at collection was 90 mL (IQR 76–102),
Hct 36.2 (IQR 34.3–38.5), and Hb concentration 11.4 g/
dL (IQR 10.8–12.2). A total of 437 (96.9%) units met
protocol-defined volume and Hct criteria (volume
>67 mL and hematocrit [Htc] >32%), and 14 (3.1%) did
not, with a different distribution among centers
(p < 0.001 at χ2 test).

Leukodepletion was performed by filtering whole CB
units before fractionation. The BioR Flex filter, marketed
for RBC concentrates, was used for this purpose due to
its smaller size compared to whole-blood filters. More-
over, preliminary data showed that it resulted in a better
RBC mass recovery than filtering RBC concentrates, as
we had performed in previous studies.11,12 Prior to study
initiation, the off-label use of the BioR Flex filter was val-
idated at the coordinating center and the results are sum-
marized in Table 2. A total of 40 CB units with a median
volume of 78 mL (IQR 69–94) and a median Hct of 37.3%
(IQR 34.7–39.2) were filtered in an average time of
3.8 min (IQR 3.6–4.3). Filtration resulted in a median vol-
ume loss of 27% (IQR 23–32), with a median post-
filtration volume of 58 mL (IQR 48–73) (Table 2). The
recovery of the RBC mass was 72.3% (IQR 67.0–77.1).

FIGURE 2 Total number of cord blood units collected at

participating banks, number of units processed into CB-RBC

concentrates for the BORN trial, and number of enrolled patients in

the corresponding NICUs, when present. Data are given on a

base-2 logarithmic scale. CB-RBCs, cord blood-red blood cells;

NICUs, Neonatal Intensive Care Units.
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Leukodepletion was evaluated by flow cytometry count
of residual white blood cells (WBCs) in 31 CB units.
Results showed a 99.9% reduction (IQR 99.9–99.9) of the
WBC content, and a median residual per unit of
0.014 � 106 WBCs (IQR 0.005–0.036). In total, 30 out
of 31 evaluated units (96.8%) in the validation protocol
had a WBC residual <1 � 106 (Table 2). Filtration also
resulted in a substantial reduction in platelet content,
removing 88.8% (IQR 84.1–90.7) of the initial platelets.

Table 3 illustrates the main parameters of RBC con-
centrates fractionated during the BORN study. All units
were processed within 44 h from collection, with a
median interval of 26.0 h (IQR 20.4–35.8). RBC concen-
trates had a median volume of 39 mL (IQR 30–50), a
median Hct of 56.1 (IQR 52.3–59.4), and a median Hb
content per unit of 6.8 g (IQR 5.2–8.5). The RBC mass
recovery in RBC concentrates was 64.6% (IQR 58.4–72.0)
of the initial RBC mass and was slightly related to the
volume (r = 0.099, p = 0.039) and RBC mass (r = 0.111,

p = 0.021) at collection. As expected, the volume of CB-
RBC concentrates was proportional to the volume at col-
lection (r = 0.705, p = 0.001), to the initial Htc value
(r = 0.348, p = 0.001), and RBC mass (r = 0.747,
p < 0.001). Similarly, the final Hb content of CB-RBC
concentrates was proportional to the volume of the unit
at collection (r = 0.705, p < 0.001), to the Htc value
(r = 0.348, p < 0.001), RBC mass (r = 0.783, p < 0.001),
and Hb content (r = 0.793, p < 0.001).

The platelet content in CB-RBC concentrates was
1.9 � 109/unit (IQR 0.9–3.7), confirming that near 90% of
the initial platelet content was removed after filtration.
The interval between collection and processing seemed to
influence the platelet reduction rate, with a larger
decrease after longer storage (r = 0.153, p = 0.001).

Regarding the RBC concentrate quality requirements,
379 of 451 (84.0%) CB-RBC units had post-processing Hct
values between 50% and 70%, with significantly different
compliance rates among centers (p < 0.001 at χ2 test).
Centers with higher volume activity produced CB-RBC
units with significantly higher Hct values (r2 = 0.05 at
linear regression analysis between units processed and
Hct values of produced CB-RBCs, p < 0.001), suggesting
that center performances could be enhanced by expand-
ing practice. CB units that did not meet protocol-defined
criteria at collection (volume >67 mL and Htc >32%)
more frequently produced CB-RBC concentrates with

FIGURE 3 Number of cord blood units processed at different

centers. (A) Correlation with the number of units collected at cord

blood banks. (B) Correlation with the number of patients enrolled

at the corresponding neonatal intensive care unit.

TABLE 2 Pre-study validation of leukodepletion.

CB units
N 40

Pre-filtration volume, mL 77.1 (70.4–94.3)
Pre-filtration Hct, % 37.3 (34–7-39.2)
Pre-filtration RBC mass, mL 29.0 (24.8–34.3)
Pre-filtration WBCs, 106/unit 754 (606–998)
Pre-filtration PLT, 109/unit 17.4 (14.4–20.7)
Post-filtration volume, mL 55.7 (47.6–72.9)
Volume loss, % 27.3 (22.9–32.0)
Post-filtration Hct, % 36.0 (34.2–38.9)
Post-filtration RBC mass, mL 21.0 (16.7–27.2)
RBC mass recovery, % 72.3 (67.0–77.1)
Post-filtration WBCs, 106/unita 0.014 (0.005–0.036)
WBC removal, %a 99.9 (99.9–99.9)
Compliant for residual WBCa 30 (96.8)

Post-filtration PLT, 109/unit 1.8 (1.4–2-9)
PLT removal, % 88.8 (84.1–90.7)

Abbreviations: CB, cord blood; Htc, hematocrit; RBC, red blood cells; WBC,

white blood cells.
aData relative to 31 CB units. Data are expressed as median (25th to 75th

percentile range) or n (%).
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low Htc (64.3% of CB-RBCs with Htc <50% vs. 12.6%
among compliant units, p < 0.001). In all centers, more
than 90% of tested CB-RBC units had residual WBCs
<1 � 106 with no difference among them (p = 0.606 at
χ2 test). Similarly, the end-storage hemolysis rate was
below 0.8% of the initial hemoglobin content in 117 of
123 (94.3%) investigated units, without differences among
centers (p = 0.251 at χ2 test). The end-storage hemolysis
rate was not related to unit characteristics, including CB
volume, interval between collection and processing, CB-
RBC unit volume, Hb content, and residual platelets
and WBCs.

4 | DISCUSSION

The rationale of the BORN trial revolutionizes the
approach to the transfusion therapy of extremely preterm
neonates.13 The core concept is to ensure that physiologi-
cally elevated HbF levels persist in these patients, even
after RBC transfusions. The outcome assessment in
patients allocated to the experimental arm of the BORN
study was severely affected by a high rate of protocol
deviations, with more than 40% also receiving standard
RBC transfusions.13 As a result, the advantage of CB-
RBC transfusions did not emerge across the entire patient
population (intention-to-treat analysis) but only in the
subgroup of patients who were properly transfused
according to the arm allocation (per-protocol analysis).13

Despite these limitations, the potential clinical benefit of
this novel transfusion approach for severe ROP and BPD
has attracted significant attention.17–21 Sharing data on
the 451 CB units collected and processed during the
BORN study period, along with highlighting the chal-
lenges encountered, could help inform the design of
future clinical trials exploring this transfusion approach.

As stated above, an important issue encountered in
the BORN study was the insufficient availability of CB-
RBC units for patients in the intervention arm, which
was unexpected given that 5467 CB units were collected
in the same period at participating CB banks. Among the
451 CB-RBC units fractionated during the study, only
107 were transfused, whilst for 67 transfusion requests
for patients in the intervention arm there were no avail-
able CB-RBC units. The large number of collected units
that were not processed into RBCs suggests that many of
them did not meet the protocol-defined criteria. The
BORN study inventory included only units collected in
the previous 44 h: this interval was set according to the
threshold of 48 h generally accepted for transplant units,
and estimating a total processing duration of 4 h. Never-
theless, it cannot be excluded that also CB collected ear-
lier could be suitable for transfusion and extending this

window could improve availability without compromis-
ing product quality.22 An additional eligibility criterion
for the processing was the volume. It is acknowledged
that the timing of cord clamping significantly influences
CB volume and cell content in both vaginal and cesarean
section delivery, with either in utero or ex utero placenta
collection.23–27 For vigorous, healthy neonates, WHO,
ACOG, and NICE strongly recommend delaying cord
clamping for at least 1 min, especially in low-resource
settings with limited access to iron-rich foods.28–30 This
approach was followed at all centers participating in the
BORN study, and the median reported CB unit volume of
90 mL (IQR 76–102) confirms that delaying cord clamp-
ing as recommended is still compatible with the collec-
tion of a CB unit suitable for processing into RBC
concentrates. However, it is conceivable that the avail-
ability of CB units suitable for transfusion may be sub-
stantially increased by improving collection methods.
Interestingly, a recent study on CB solidarity donation
illustrated novel approaches combining empathetic,
story-based care with efficient, waste-reducing work-
flows, which can effectively improve trust, patient
engagement, and staff satisfaction, leading to signifi-
cantly higher donation rates and quality units.31 The frac-
tionation method used in the BORN study produces a
25–30% loss of the initial CB unit volume during filtra-
tion. Considering a transfusion dose of 20 mL/kg,32 it
was estimated that fractionating CB units with a mini-
mum volume of 67 mL and an Htc value of 32% would
yield CB-RBC concentrates suitable for clinical use. As
expected, CB-RBC volume and total Hb content
depended on the volume and RBC mass content of the
starting units. Nevertheless, centers processing more
units produced RBC concentrates with higher Htc, denot-
ing that expanding practice may improve processing
performances.

An additional issue significantly affecting the CB-
RBC inventory during the BORN study was the units'
short shelf life. Overall, in vitro storage studies indicate
that the shelf-life of CB-RBCs may be limited to
21 days.33–35 CB-RBC units could not be released until
negative bacterial test results were available, requiring 5–
7 days. In addition, all RBC units transfused during the
BORN study were irradiated at distribution; since units
older than 14 days cannot be irradiated, this further lim-
ited the distribution time window to 7–9 total days. Pre-
storage leucocyte depletion of blood components is
recommended to reduce adverse transfusion reactions,
limit transfusion-transmitted infections, and improve
RBC storage.36 Whole CB filtration resulted in highly sat-
isfactory leukodepletion, with more than 99% of units
having less than 1 � 106 residual WBCs, the limit still
recommended by the most recent EDQM guidelines for

PELLEGRINO ET AL. 9

 15372995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/trf.70241 by C

arlo D
ani - U

niversita D
i Firenze Sistem

a , W
iley O

nline L
ibrary on [25/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



leukocyte-depleted additive solution RBC concentrates.37

Moreover, residual WBC were below 105 cells/unit in
more than 90% of cases. It is generally acknowledged that
blood components can be considered CMV-safe if they
contain <5 � 106 leucocytes/unit.38 Accordingly, a total
WBC count <1 � 106/unit is considered CMV-safe and
suitable for neonatal transfusion.39 Nevertheless, unless
CMV infection occurs during pregnancy, CB-RBCs con-
vey no risk for CMV transmission by the donor. In
contrast to blood components from adult individuals,
residual WBCs in CB-RBCs exhibit a naïve and tolerant
phenotype, typical of neonatal cells.40 All these consider-
ations question the need to irradiate CB-RBC units to
prevent transfusion-associated graft-versus-host disease
(TA-GvHD).41 Neonates in general, and preterm neo-
nates in particular, are considered at risk for TA-GvHD
due to anecdotal cases of TA-GvHD described following
intrauterine transfusion and neonatal exchange blood
transfusion.42 Accordingly, Italian guidelines recommend
γ-irradiated blood components for these patients.32 An
analysis of the last 10 years' reports from the UK national
hemovigilance scheme, Serious Hazards of Transfusion
(2010–2019), evidenced no TA-GvHD among 956 inci-
dents of failure to receive irradiated components, suggest-
ing a protective role for modern processing methods.43

Considering these aspects, more recent guidelines on TA-
GvHD prevention omit irradiation for neonates without a
known or suspected defect of cellular immunity.44 An
additional aspect to avoid irradiation of CB units is that
scarce data are available on the damage to irradiated CB-
RBCs,33 whereas it is well known that irradiation impairs
the quality of adult RBCs, increasing hemolysis and
impairing oxygen delivery.45,46

CB-RBC concentrates are a novel blood product and
no specific quality standards are available in the current
blood product quality guidelines.37 Apart from the Hct
values, all nine centers in the BORN study met compli-
ance for residual WBCs. Seven of them also complied
with end-storage hemolysis rates, whereas two centers
did not report the data. Overall, these findings suggest
that the processing method used in the BORN study
might be suitable for scaling CB transfusion for a broader
clinical use. The new European regulation for substances
of human origin favors the introduction of innovative
blood components adopting the GAPP (facilitatinG the
Authorization of Preparation Process) methodology by
European National competent authorities. GAPP
includes a standardized assessment across member states
to evaluate the safety and efficacy of new products, and
harmonized procedures to determine the level of clinical
evidence (from in vitro validation to clinical follow-up)
required to authorize the new preparation process.47

Indeed, to promote CB-RBC transfusion for preterm

neonates from a restricted experimental setting to wider
clinical use, it will be necessary to obtain competent
authority authorization through the GAPP methodology.
The GAPP methodology uses the EuroGTP II Interactive
Assessment Tool to determine the novelty and risks asso-
ciated with new components or preparations, as well as
the eventual measures to assure their safety and effi-
cacy.48 According to available processing and clinical
data, the EuroGTP II tool estimated that the use of this
novel component has a low risk, which can be further
minimized by careful monitoring of processing data and
transfusion effects.47

Finally, it should be mentioned that during the BORN
study we used eligibility criteria set by the Italian regula-
tory framework for donating CB hematopoietic stem
cells.15 The assessment includes the evaluation of pater-
nal and maternal clinical history and is focused on a wide
range of hereditary and genetic diseases potentially trans-
mitted by the graft. Eligibility criteria for donating CB for
transfusion could be appropriately revised, limiting the
assessment to maternal history and focusing on
transfusion-transmissible diseases. Hopefully, this simpli-
fication could lead to a greater propensity among preg-
nant women to donate CB.

In conclusion, CB-RBC transfusion for ELGANs is
supported by a robust biological rationale. Preliminary
clinical data suggest that HbF exerts a physiological pro-
tective effect in these patients, while evidence regarding
product quality and safety remains highly encouraging.13

In the future, operational refinements such as more rapid
methods to detect microbial contamination or CB-
RBC-specific pathogen inactivation technologies will
undoubtedly improve the utilization of the CB inventory.
Presently, the scalability of the CB processing, as
designed in the BORN study, paves the way to next steps
for an initial implementation of this transfusion approach
under the precautionary monitoring of the National com-
petent authority. Data from the present study suggest that
hospitals with large patient populations and high CB col-
lection capacity are likely better suited for the initial
phase of the implementation. Moreover, increasing
awareness among donors and midwives through targeted
educational initiatives is essential to enhance the supply
of CB units. Additionally, collaborating with neonatolo-
gists and preterm neonate parents' associations could
prove instrumental in promoting the informed altruistic
CB donation.
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