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Qg Background - Preterm infants born earlier than 32 weeks of gestational age

(GA) often need red blood cell (RBC) transfusions, which have been associated
1Neonatology Department, with an increased incidence of complications of prematurity, due to changes
Maternity Hospital Clinic, ICGON, in tissue oxygenation. Transfusion of umbilical cord blood (UCB) could be
BCNatal, Barcelona, Spain beneficial for this group. The aims of this study were: (i) to determine the RBC
2Neonatology Department, Sant transfusion needs in infants <32 weeks in Hospital Clinic of Barcelona; (ii) to
Joan de Déu Hospital, BCNatal, identify the target GA group that would benefit most from UCB transfusion;
Esplugues de Llobregat, and (iii) to assess the current availability of UCB as a potential source of RBC
Barcelona, Spain transfusion for these premature infants in our tertiary referral blood bank.
3Cell Therapy Department, Blood ~ Material and methods - A retrospective observational study was performed
and Tissue Bank, Barcelona, Spain on infants born at <32 weeks GA, divided into two groups: (i) extremely low
*Transfusion Medicine Research gestational age neonates (ELGAN) (from 23° to 27° weeks) and (ii) very preterm
Group, Vall d"Hebron Research neonates (VPN) (from 28° to 31° weeks). Their complications and transfusion
Institute (VHIR), Barcelona, Spain rates were compared. Processing and availability of UCB samples in the
August Pii Sunyer Biomedical reference blood bank were assessed.
Research Institute (IDIBAPS), Results - Overall, 1,651 infants <32 weeks GA were admitted in the study
Barcelona, Spain period. While 12.5% of VPN received at least one RBC transfusion, the
SUniversity of Barcelona, percentage increased to 60% among the ELGAN. Retinopathy of prematurity
Barcelona, Spain and bronchopulmonary dysplasia were diagnosed more frequently in the
ELGAN group (p<0.001) than in the VPN group. The annual average volume
of RBC transfusion in our study group was 1.35 L (95% Cl: 1.07-1.64). The
reference blood bank was able to produce 16 L (95% Cl: 14-18) of UCB-RBC
per year.
Conclusion - Considering the data obtained about RBC transfusion needs and
morbidities, the ELGAN group has been identified as the target group that
would benefit most from UCB-RBC transfusions. We have demonstrated that
our blood bankis able to produce enough RBC from UCB. Randomised control
trials are warranted to study the potential benefits of UCB compared to adult
blood for RBC transfusions.
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INTRODUCTION

Anaemia of prematurity is a well-known entity. Strategies such as delayed cord clamping
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anaemia by increasing the haemoglobin concentration'. Despite this, red blood cell (RBC)
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transfusions are often needed within the first weeks of
life in very preterm neonates (VPN) and extremely low
gestational age neonates (ELGAN). The causes of anaemia
in these groups are shorter RBC half-life, lower iron
reserves and repeated blood sampling>*.

RBC transfusions in preterm infants born earlier than 32
weeks of gestational age (GA) have been associated with an
increased incidence of complications such as retinopathy
of prematurity (ROP)*” and bronchopulmonary dysplasia
(BPD)®* due to changes in tissue oxygenation. The role of
oxygen in the pathogenesis of ROP is well known™. The use
of adult donor blood for transfusions in neonates causes a
change in the concentration of foetal haemoglobin (HbF)
in neonates’ bloodstream. HbF has a greater affinity for
oxygen compared to adult haemoglobin (HbA) so this
change ultimately affects tissue oxygenation®. Stutchfiel
etal. found an association between the replacement of HbF
by HbA and a higher incidence of ROP after transfusion of
blood from an adult donor®. Thus, the presence of a higher
concentration of HbF in umbilical cord blood (UCB) could
act as a protective factor for ROP.

Several studies have evaluated the safety of UCB
transfusionsin preterm infantslooking at different ranges
of GA and birthweight”**. None of them found a higher
risk of complications compared with that occurring with
adult donor blood transfusions. However, the processing
of UCB samples to obtain RBC is more complex and
expensive than processing adult blood. The transfusion
of autologous UCB carries a lower risk of cross-reactions,
but it does not seem feasible in preterm infants since the
volume of UCB obtained from each of them is too small®.
Arecent, prospective study demonstrated the feasibility of
using allogeneic UCB, obtained from infants born at term,
for transfusion to preterm infants, although the benefits
of this strategy are still unknown™.

The potential benefits of the use of UCB-RBC transfusions
in preterm neonates can be predicted. Significantamounts
of heavy metals such as mercury and lead have been found
in RBC concentrates obtained from adult donor blood®.
There are no data on the presence of heavy metals in UCB
but it seems likely that the risk could be lower than that
with adult blood.

Clinical trials are needed to elucidate the potential benefit
of UCB transfusion in preterm infants. Accordingly,
the aims of this study were: (i) to determine the RBC
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transfusion needs of infants born at <32 weeks of GA; (ii) to
identify the target GA group that would benefit most from
UCB transfusion; and (iii) to assess the current availability
of UCB as a potential source of RBC transfusion in these
infants in our tertiary referral blood bank.

MATERIALS AND METHODS

Study design and data collection

This retrospective descriptive study was carried out with
data from the Neonatal Intensive Care Unit (NICU) of
Hospital Clinic of Barcelona. Neonates born earlier than
32 weeks’ GA between January 2005 and December 2018
were included in the study and their clinical records
were reviewed. The Hospital Clinic Ethics Committee
approved the study (CIF-G-08431173). The most up-to-
date guidelines for transfusion at our hospital were
applied during the study period (Figure 1). To facilitate
the data analysis, patients were divided into two groups:
(i) ELGAN (from 23° to 27° weeks of GA) and (ii) VPN
(from 2.8° to 31° weeks).

Total volume and number of RBC transfusions were
recorded. Perinatal data and outcomes were collected
from the local hospital database and morbidities were
defined according to the international Vermont Oxford
Network database. We considered the diagnosis
of sepsis when there was a positive blood culture or
clinical symptoms plus raised serial C-reactive protein
concentration (>15 mg/L) warranting a minimum of 5 days
of antibiotic treatment. Respiratory distress syndrome
was defined as PaO2 <so mmHg in room air, a requirement
of supplemental oxygen to maintain PaO2 >50 mmHg or a
requirement of supplemental oxygen to maintain a pulse
oximeter saturation over 85% within the first 24 hours of
life and a chest radiograph consistent with respiratory
distress syndrome within the first 24 hours of lifes. BPD
was defined as oxygen dependency at 28 days of life and its
severity was classified based on the situation at 36 weeks
of post-menstrual age”. Necrotising enterocolitis (NEC)
was taken into account when it was graded as higher
than stage 2 of Bell's classification®. ROP was classified
following the International Committee for Classification
of ROP¥. Intraventricular haemorrhage was graded
according to the Papile classification?® and patent ductus
arteriosus was defined by the presence of a left-to-right or
bidirectional ductal shunt on Doppler echocardiography
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Haematocrit <20%:

e Symptomatic newborn (tachycardia, tachypnea, decreased feeding) with
reticulocytes <100,000/mm?.

e Consider transfusion in post-immunisation haemolytic anaemia even if
patient is asymptomatic.

Haematocrit <30%:

e FiO2 >35%.

e Nasal cannula with oxygen 1/8-1/4 L/min.

e CPAP or MV with MAP <6 cmH0.

e Episodes of apnea and bradycardia (>6 episodes in 12 hours or >2
episodes in 24 hours requiring bag-valve mask resuscitation) with an
adequate methylxantine treatment dose.

e Tachycardia >180 bpm' 6 tachypnea >80 bpm' in the last 24 hours.

e Weight gain <lO0grams/day for 4 days (with a caloric
>100Kcal/Kg/day).

e Surgical intervention.

e Consider transfusion with haematocrit 30-40% in Rhesus isoimmunisation
depending on intensity of haemolysis.

Haematocrit <35%:

e FiO2 >35%.

e CPAP or MV with MAP 26-8 cmH0.

e Presence of sepsis, necrotizing enterocolitis, symptomatic patent ductus
arteriosus and/or bronchopulmonary dysplasia.

Haematocrit <40%:
e ECMO.
e Cyanotic congenital heart disease.
Haemorrhagic shock:
e Immediate transfusion, regardless haematocrit value.

intake

RBC volume to transfuse: 20 mL/kg.

CPAP: continuous positive pressure; ECMO: extracorporeal membrane oxygenation;
FiO,: inspiratory fraction of oxygen; MAP: mean airway pressure;
MV: mechanic ventilation.

Figure 1 - Most up-to-date guidelines on red blood cell
transfusion at the Hospital Clinic of Barcelona during the
study period

or a systolic or continuous murmur and at least two of
the following clinical signs: (i) hyperdynamic precordium;
(ii) bounding pulses; (iii) wide pulse pressure; or (iv)
pulmonary vascular congestion, cardiomegaly or both*.
Collection, storage and processing of umbilical cord
blood

UCB was obtained following non-complicated vaginal
or Caesarean deliveries as part of the public programme
for cord blood donations of the blood bank (Programa
Concordia)®. Sixty-six maternity units from different
regions of Spain are part of this programme whose aims
are to work for rapid and efficient donations, to facilitate
transplants and to promote clinical research and exchange
ofknowledge. “Programa Concordia Banc de Sang i Teixits”
isa FACT-Netcord accredited public cord blood bank and has
along experience in collecting CB units for transplantation.
International quality certifications are guaranteed and
accredited by the standards of the Foundation for the
Accreditation of Cellular Therapy (FACT)-Netcord. Written
informed parental consent was signed before collecting the
UCB. After umbilical cord clamping had been performed as
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per standard protocol, cord blood was collected by gravity
using multiple puncturing of the umbilical cord with a
sterile technique. The ratio of blood volume to the volume of
anticoagulant/preservative solution is important to
maintain RBC quality. Collection bags contained 25 mL
anticoagulant solution for a recommended volume of
150 mL of blood. The collected UCB was stored at 2-8°C until
it was shipped to the reference blood bank to be processed.

Samples of whole UCB that arrived at the blood bank
within 44 hours after collection were assessed for
quality parameters. First, nucleated cells were counted
and samples with a total nucleated cell count >1.5x10°
were selected for hematopoietic stem cell (HPSC)
transplantation. Microbiological analyses (bacterial and
fungal cultures) and serological and molecular testing
(for hepatitis B and C viruses, cytomegalovirus, human
immunodeficiency virus and syphilis) were carried out
in this subgroup of samples and any results suspicious of
infection led to that sample being discarded.

The remaining UCB samples were considered suitable for
different additional applications or were used for research
purposes.

Availability of cord blood for transfusion

UCB donations from January 2018 to December 2019
were reviewed to assess the current availability of UCB
as a potential source of RBC transfusion in infants <32
weeks of GA in our tertiary referral blood bank.

The potential number of suitable UCB-RBC bags was
calculated taking into consideration the following
et al.™

only bags with a blood volume greater than 60 mL

information. In accordance with Bianchi

were considered suitable for RBC production.
Microbiological results of the HPSC samples were
extrapolated and non-contaminated samples available
for RBC production were calculated. The blood
group distribution of the donated UCB samples and
the distribution in our study population were also
considered in order to evaluate the potential of the
blood bank to supply enough matched samples.

According to the guidelines for transfusion at Hospital
Clinic (Figure1), the policy is to transfuse a RBC volume
of 20 mL/kg per infant. Considering the weight range
of the patients, we calculated a minimum volume
needed of 20 mL with a haematocrit of about 60% of

the final UCB-RBC bags obtained from the blood bank.
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Statistical analysis

Categorical variables are presented as numbers (%), whereas
continuous variables are described by the mean and standard
deviation or median and interquartile range (IQR).
Appropriate statistical tests were performed for
comparisons between GA groups: A Student’s t test or
Mann-Whitney test was used for continuous variables
and a chi-square test or Fisher’s exact test for categorical
variables. Multivariate regression analysis was performed
to evaluate the association between complications of
prematurity and RBC transfusion, adjusting for possible
confounders. All hypothesis tests were two-sided and
p values less than 0.05 were considered statistically
significant. The statistical analysis was performed using
IBM SPSS version 22.0 software (IBM Corporation,

Armonk, NY, USA).
RESULTS

Perinatal data

A total of 1,651 preterm infants born earlier than 32
weeks’ GA were admitted to the NICU at Hospital Clinic
of Barcelona between January 2005 and December 2018.
Table I presents the perinatal data collected for the two
groups divided according to GA. The incidence of the main
complications of prematurity was found to be higher in
the ELGAN group (p<0.001).

Red blood cell transfusion rates

Among all infants <32 weeks of GA, 27.5% (n=454) were
transfused. While 12.5% (n=140) of VPN received at least one
RBC transfusion, the percentage increased to 60% (n=314)
in the ELGAN group. The total number of RBC transfusions
given to the group of transfused neonates <32 weeks’ GA
was 1.541 with a median of 2 (IQR: 1-4) transfusions per
infant and an average of 110 (95% confidence interval [95%
CI]: 92-128) transfusions per year. The total volume of RBC
transfused was18.92 L (1.35 L/year [95% CI:1.07-1.64]) and the
median was 29 mL (IQR:17-48) per infant. The most frequent
blood groups of the transfused patients were O+, A+ and B+
(69.5% of neonates), with the blood group distribution being
the same as that in the general population.

Association between red blood cell transfusion and
complications of prematurity

Weevaluated theimpactof RBC transfusions oncomplications
related to changes in tissue oxygenation. Multivariate logistic
regression indicated an association between RBC transfusion
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Table I - Perinatal data and outcomes according to gestational age

Gestational age groups

230-27¢ 28-31° p value

N=530 N=1,121
Birth weight (grams), 810 1,324 <0.001
median (IQR) (680-960) (1,100-1,560)
Male, n. (%) 279 (52.6) 603 (53.8) 0.662
ngRa)r 1 minute, median 5(3-7) 8(6-9) <0.001
:\IzgRa)rS minute, median 8(6-9) 9(8-10) <0.001
1UGR, n. (%) 81(15.8) 171 (15.3) 0.799
:?;:z)" late onset sepsis, | .0 .5 ) 85 (7.6) <0.001
RDS, n. (%) 369 (69.6) 359 (32) <0.001
PDA, n. (%) 262 (49.4) 201 (17.9) <0.001
NEC, n. (%) 42 (7.9) 26 (2.3) <0.001
ROP, n. (%) 208 (57.6) 125 (11.7) <0.001
ROP >2, n. (%) 132 (36.6) 46 (4.3) <0.001
BPD (02 28 days), n. (%) 110 (30.5) 36 (3.4) <0.001
:.P(':/o(;)’ PR L, 31(8.6) 23(2.2) <0.001
IVH, n. (%) 196 (37) 134 (12) <0.001
IVH 22, n. (%) 81(15.3) 26 (2.3) <0.001
Neonatal death, n. (%) 169 (31.9) 54 (4.8) <0.001

BPD: broncopulmonary dysplasia; IUGR: intrauterine growth restriction; I[VH:
intraventricular haemorrhage; NEC: necrotising enterocolitis; PDA: patent
ductus arteriosus; PMA: postmenopausal age; RDS: respiratory distress
syndrome; ROP: retinopathy of prematurity.

and an increased risk of NEC (odds ratio 10.44 [95% CI:
5.54-19.67]; p<0.001) and BPD (odds ratio 1.93 [95% CI:1.17-3.17];
p<0.05). No statistically significant association was found

between RBC transfusion and ROP, nor even ROP >2..

The ability of the blood bank to supply umbilical cord
red blood cell transfusions for our population needs
From January 2018 to December 2019 the Programa
Concordia collected a total of 6,340 UCB samples.
Within the total UCB donations, only samples selected

for HPSC transplantation were studied and cell subsets
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and characteristics expressed as median values were
18+4x10°/L;
erythrocytes 3.7+0.4x10"/L; haemoglobin 12.9+1.6 g/dL

as follows: 127+27 mL/bag; leukocytes

and haematocrit 40.7+3.7%. Nine percent were discarded
because of microbiological contamination.

Figure 2 shows the quality filters that would be applied to
the total collected UCB samples in the blood bank: time to
arrive at the blood bank, UCB volume (minimal 60 mL),
tests for microbiological contamination and evaluation
of cellularity for HPSC transplantation. It also shows the
calculation of the potential volume of RBC available for
transfusion based on previous information.

Table II shows the similarity of the blood group
distribution of the donated UCB samples and that of our
study population.

DISCUSSION

Treatment of anaemia in preterm infants continues to be
a relevant health issue. Despite preventive strategies and
strict guidelines for RBC transfusion, anaemia continues
tobevery frequent and RBC transfusions are much needed
as our study shows (27.5% of preterm infants born earlier
than <32 weeks of GA and 60% of infants born earlier than
28 weeks required at least one RBC transfusion).

The transfusion of RBC from adult donors has been
repeatedly associated with BPD, ROP and, controversially,
with NEC”*22%5 In this study significant associations were
observed only between RBC transfusion and both NEC
and BPD. However, this association does not establish
causality since both NEC and BPD could be predisposing
factors for RBC transfusion. The fact that ROP was not
associated in this study with transfusion of adult RBC
could be explained by the strict local guidelines on blood
transfusion.

Different pathophysiological mechanisms have been
proposed to explain the association between RBC
transfusion and complications of prematurity. RBC
products from UCB contain a higher concentration of
HbF than those from adult donors and, in accordance
with this, Teofili et al.>® have recently proven significantly
higher HbF levels in preterm neonates transfused with
UCB-RBC at 36 weeks of post-menstrual age than in those
who received adult donor RBC transfusions. Compared
to HbA, HbF has a greater affinity for oxygen, which
affects its ability to release oxygen to tissues. Regarding
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Figure 2 - The calculation of the potentially available
volume of red blood cells for transfusion after applying the
quality filters

UCB: umbilical cord blood; HPSC: haematopoietic stem cells;
§CB-RBC: cord blood red blood cells.

Table II - Blood group distribution of the study participants who were
transfused and of the donated umbilical cord blood samples analysed
for haematopoietic stem cell transplantation

Blood group Transfused neonates UCB samples
<32 weeks (N=329)
(N=454)
0+, % 36.1 36.6
A+, % 36.2 335
B+, % 9.3 117
AB+, % 5.7 2.9
0-,% 6.2 6.7
A-, % 5.7 7.1
B-, % 0.8 11
AB-, % None 0.4
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the retina, this means that patients transfused with
adult donor RBC experience a sudden increase in HbA
levels and a high oxygen availability to the retinal tissues
which leads to damage in the process of vascularisation
in preterm infants¥. An association between NEC and
RBC transfusion in preterm infants is more controversial.
Available evidence in published studies is inconclusive
and the underlying mechanism of the putative association
is unknown?**, Oxygen release in the splanchnic vascular
territory after RBC transfusion, following previous
transient hypoxia due to anaemia, has been suggested
as a possible component of the pathogenesis of NEC in
these patients®**. Finally, the association between RBC
transfusion and BPD could be explained by mechanisms
related to iron overload and inflammatory factors. The
elevated levels of non-transferrin-bound iron in plasma
after adult RBC transfusion could turn on oxidative stress
mechanisms by releasing iron and other molecules which,
in an excessive quantity, could be potentially harmful to
the development of lungs®*. RBC transfusion may also
produce inflammatory mediators that make weaning
from a ventilator difficule®.

Assessment of transfusion needs and morbidities of our
study population led us to identify the ELGAN as the
target group that would benefit most from UCB-RBC
transfusions. This is explained by their much higher RBC
transfusion rates (more than a half of them required at
least one RBC transfusion) along with a higher incidence
of complications of prematurity in this group of patients
than in VPN. Furthermore, since the volume of blood
that needs to be transfused depends on the recipient’s
weight, smaller volumes are required in ELGAN, thereby
minimising the number of blood donors to which each
infant is exposed and decreasing the risk of sensitization
and infection.

Autologous UCB transfusion in preterm infants has
been evaluated in different studies with promising
results in terms of collection and bank processing®*. It
is less immunogenic and carries a lower risk of infectious
disease transmission than allogeneic transfusion®. In
neonates born at term, the best results regarding the
feasibility of autologous UCB transfusion have been
obtained in those requiring peri-operative transfusion
since this group of patients does not usually require
repeated transfusions®. However, the availability of UCB

All rights reserved - For personal use only

for autologous transfusion in preterm infants is often
insufficient, especially in preterm infants with a birth
weight <1,000 g, since the collected volume to transfuse
depends on birthweight and gestational age. Therefore,
the feasibility of autologous UCB transfusion in preterm
infants has not been shown to be greater than that of
allogeneic transfusion®**#. Allogeneic transfusion of RBC
obtained from term neonates involves a simpler procedure
to collect the product and has proven to be feasible and
safe in preterm infants*.

In this study, RBC transfusion requirements in preterm
infants <32 weeks of GA were estimated to be just over
1.35 L/year. Currently, the blood bank has the capacity to
produce 16 L of UCB-RBC per year, which guarantees the
availability of enough allogeneic RBC to transfuse this
group of preterm infants at the Hospital Clinic. Table II
shows that the blood group distribution of the donated
UCB samples was similar to that of the study population,
which supports the capacity of our referral blood bank
to supply enough matched samples. In terms of blood
group-type bags, the most efficient approach could be
to narrow the production of bags to type A or type O
instead of preparing bags of each blood group in order
to guarantee that as many bags as possible are used and
to avoid bags of less frequent blood groups from expiring
unused; this approach would maximise the cost-benefit
ratio for the blood bank.

Collecting UCB carries a higher risk of bacterial
contamination than collecting adult blood with rates of
contamination of the former being up to 48%*, although
this complication has decreased significantly in recent
years. In our study 9% of samples were discarded because
of microbiological contamination. Several sources of
contamination have been described: vaginal, skin and
gastrointestinal flora, poor aseptic techniques, use of
contaminated material and others. The creation of an
UCB bank for blood transfusion to ELGAN would require
meticulously precise aseptic techniques, well-trained
cord blood collectors and, ideally, the development of new
collection techniques to establish in our unit. Because of
the higher risk of contamination, it would be mandatory
to perform microbiological tests on all UCB samples on
top of the microbiological tests already carried out on the
mothers’ samples. This would prolong the time necessary
to evaluate the final product by 1 to 2 weeks compared to

515

No other use without premission



that necessary for standard RBC and would, therefore,
reduce the period of time during which products are
usable. More sensitive and faster microbiological tests are
required to improve this aspect.

The required characteristics of UCB-RBC units must still
be specified in order to introduce this product into daily
practice of neonatal units. Teoflli et al. have demonstrated
the safety and efficacy of the product?. Based on their
experience we will validate our UCB-RBC production
to obtain bags with a minimum volume of 20 mL, a
haematocrit of about 60% and an acceptable residual
leukocyte content of <10°. The expiry time of the product
and time for pre-transfusion irradiation will also have to
be established. All blood samples for neonatal transfusions
in our unit are irradiated, in accordance with standard
guidelines.

For research purposes adult kits can be used for the
production of UCB-RBC bags, but the creation of an
UCB-RBC ELGAN transfusion programme will require
the development of specific blood fractionation kits with
leukodepletion filters that can be used for small volumes.
This will aid the safe production of blood components
derived from placental blood. It will only be possible
to calculate the average amount of blood lost during
the leukodepletion process after validating these new
fractionation kits.

The present study has some limitations. The retrospective
nature of the study did not allow causality to be
established between RBC transfusion and complications
of prematurity, although it should be said that this
was not the purpose of the study. Secondly, our study
shows the feasibility of expanding an existing and
well-established cord blood bank for haematopoietic cell
transplantation in order to fulfil the transfusion needs of
preterm infants in a specific area of health care, but for the
project to be sustainable in practice, the process of cord
blood collection and UCB-RBC production would have
to meet the standard requirements of other reference
hospitals with this programme already in place.

CONCLUSIONS

Considering the data obtained about RBC transfusion
needs and morbidities, ELGAN have been identified as the
target group of recipients who would benefit most from
UCB-RBC transfusions. We have demonstrated that our
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reference blood bank is able to produce sufficient reserves
of RBC from UCB.

Future steps will be to validate the processing and storage
conditions to enable the initiation of clinical studies to
demonstrate the safety and efficacy of these products on a
routine basis in our NICU. Clinical trials are necessary to
test the hypothesis that the use of UCB as a source of RBC
for transfusion in ELGAN is more beneficial than RBC
from adult donors.
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