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Abstract

Introduction: Recent evidence suggests a restrictive ap-
proach toward blood transfusions for management of preterm
infants. Objective was to survey blood transfusion practises
in preterm neonates <29 weeks’ gestation among
12 population-based neonatal networks participating in the
International Network for Evaluating Outcomes in Neonates
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(iNeo). Methods: An online survey based on 2023 practices
was sent to 608 neonatal intensive care units (NICUs):
Australia/New Zealand (30), Brazil (20), Canada (32), Finland (5),
France (70), Israel (26), Japan (292), Poland (56), Spain (55),
Sweden (9), Switzerland (9), and Tuscany, Italy (4). Transfusion
thresholds in 4 different scenarios were surveyed: (a) infants
invasively ventilated within first 7 postnatal days, (b) infants
invasively ventilated after 7 days, (c) stable infants on
noninvasive respiratory support, and (d) stable infants
requiring no respiratory support. Results: A total of 382 NI-
CUs (63%) responded. Transfusion practices varied within
networks and between countries. For invasively ventilated
infants, the transfusion threshold during first 7 days after birth
was a hematocrit <35% in 79% of NICUs, and at an age >8
days, the transfusion threshold was a hematocrit <30% in 68%
of NICUs. For stable infants on noninvasive ventilation, the
transfusion threshold was a hematocrit <30% in 80%, and in
those without respiratory support, the transfusion threshold
was a hematocrit of <25% in 68% of NICUs. Conclusions:
Variations exist in blood transfusion practises between
countries and within networks. A restrictive transfusion ap-
proach based on recent recommendations has been adopted
by more than two-thirds of NICUs. Additional research is
needed to evaluate whether practices align with intentions

and how they impact outcomes. © 2025 The Author(s).
Published by S. Karger AG, Basel

Introduction

Blood transfusions are commonly administered in
neonatal intensive care units (NICUs), with 90% of ex-
tremely low birth weight (ELBW) infants receiving a red
blood cell transfusion (RBCT) at least once during their
hospital stay [1]. Previous randomized trials have not
shown any significant differences between a lower or
higher hemoglobin threshold for RBCT when it comes to
short-term neonatal outcomes [2, 3]. However, a lack of
long-term outcome data has been an obstacle in changing
practice from a liberal to a restrictive RBCT policy.
Recently, two large randomized controlled trials, the
Effects of Liberal vs. Restrictive Transfusion Thresholds
on Survival and Neurocognitive Outcomes in Extremely
Low-Birth-Weight Infants (ETTNO trial) [4] and the
Higher or Lower Hemoglobin Transfusion Thresholds for
Preterm Infants (TOP trial) [5], reported the neuro-
cognitive outcomes of ELBW infants exposed to RBCT.
Both studies showed that a lower vs. higher RBCT
threshold was not associated with adverse neurocognitive
outcomes. Consequently, a more restrictive approach for
RBCT has been recommended [6-8].
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Most countries do not have national guidelines for
neonatal transfusions. Thus, adoption of a restrictive
RBCT approach is not policy-driven and is generally
physician-dependent. There are limited recent data on
transfusion practices in preterm infants. An international
survey of transfusion practices for ELBW infants, based
predominantly on responses from neonatologists prac-
tising in the USA, reported that about half of the par-
ticipating NICUs did not have unit guidelines and RBCT's
were strongly influenced by simultaneous receipt of re-
spiratory support [9]. This survey showed a wide vari-
ation in transfusion hemoglobin thresholds, regardless of
postnatal age. Patel et al. [10], in a retrospective cohort
study, also found wide variability in pre-transfusion
hemoglobin levels and concluded that a large propor-
tion of neonatal transfusions are administered at higher
hemoglobin thresholds compared to those supported by
the best evidence. Our aim was to survey blood trans-
fusion practises in extremely preterm neonates of <29
weeks’ gestation among neonatal units of 12 population-
based neonatal networks and to assess the adoption of a
restrictive transfusion policy.

Methods

This was an observational study that used a pre-piloted
online questionnaire to assess transfusion practices. The
survey included items on multiple aspects of neonatal care
subjects including infrastructure, staffing, and neonatal
practices. The survey was sent to collaborators of the
International Network for Evaluating Outcomes of Neo-
nates (iNeo). The iNeo is a large international collabo-
ration created to improve patient-oriented outcomes for
preterm infants by comparing outcomes at the country,
regional, or unit level [11, 12]. The study was approved by
the Research Ethics Board of Mount Sinai Hospital,
Toronto, and by the directors of the iNeo collaboration.

The questionnaire was sent to the directors or rep-
resentatives of 608 NICUs participating in iNeo in
Australia/New Zealand (ANZNN, n = 30), Brazil (BNN,
n =20), Canada (CNN, n = 32), Finland (FinMBR, n = 5),
France (SFN, n = 70), Israel (INN, #n = 26), Japan (NRNJ,
n =292), Poland (PNN, n = 56), Spain (SEN1500, n = 55),
Sweden (SNQ, n = 9), Switzerland (SNN, n = 9), and
Tuscany, Italy (TuscanNN, #n = 4). The responses were
based on practices in 2023. Two reminders were sent. The
responses were recorded anonymously as the code for
each individual site was distributed by the Network
Directors who received them from the iNeo informatics
manager.
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A section of the questionnaire evaluated transfusion
practices. Four different scenarios were provided to
assess how postnatal age and type of respiratory sup-
port influenced the unit policy of hematocrit thresholds
applied for blood transfusion. For each clinical sce-
nario, the responders were requested to choose the
hematocrit threshold that represented their NICU
practice in general in the absence of any other ongoing
hematological or hemodynamic issue with the neonate:
25%, 30%, 35%, 40%, above 40%, no threshold, or
physician-dependent\unknown. Situations included (a)
infants invasively ventilated within first 7 postnatal
days, (b) infants invasively ventilated after 7 postnatal
days, (c) stable infants on noninvasive respiratory
support, and (d) stable infants requiring no respiratory
support. The definition of restrictive or liberal RBCT
policy was based on previous studies [4, 5]. Restrictive
hematocrit thresholds for transfusions for each sce-
nario were considered: a - 35%, b - 30%, ¢ - 30%,
d - 25%. The survey also asked if unit transfusion
guidelines existed.

The number and percent of NICUs using each RBCT
threshold was calculated for each participating network
and for the iNeo cohort of preterm infants <29 weeks’
gestation. The approaches to each clinical scenario were
assessed and graphically displayed using the hematocrit
transfusion threshold reported [4].

Results

The survey was sent to 608 NICU directors or rep-
resentatives collaborating with iNeo. The response rate
was 382/608 units (63%) and varied from 37% to 100%
among participating networks. The number of re-
sponding units in each neonatal network varied between
4 (Tuscany, Italy) and 108 (Japan). The annual median
number of admissions per network ranged from 268
(Tuscany, Italy) and 1000 (Australia-New Zealand).

Transfusion guidelines were present in 283 of 382
NICUs (74%; intercountry variation 48%-100%).
Transfusion practices varied both within networks and
between countries (Table 1). In neonates receiving in-
vasive ventilation in first 7 postnatal days, 50% (inter-
country variation 25-89%) of units responded admin-
istration of transfusion when hematocrit was <35%,
whereas 29% (intercountry variation 11-75%) of units
responded administration of transfusion when hemato-
crit was <30%.

In neonates receiving invasive ventilation after first 7
postnatal days, 16% (intercountry variation 0-40%) of
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units responded administration of transfusion when
hematocrit is <35%, whereas 68% (intercountry varia-
tion 41-89%) of units responded administration of
transfusion when hematocrit is <30%. In stable neonates
receiving noninvasive respiratory support, 28% (inter-
country variation 0-78%) of units responded adminis-
tration of transfusion when hematocrit is <30%, whereas
52% (intercountry variation 20-100%) of units re-
sponded administration of transfusion when hematocrit
is £25%.

In neonates not on any respiratory support, 68%
(intercountry variation 47-100%) of units responded
transfusion when hematocrit is <25%, whereas most
other units responded no threshold or physician-
dependent decision to transfuse. For infants requiring
invasive respiratory support 95-98% of NICUs had a
predefined hematocrit threshold for RBCT; however,
for stable infants with or without noninvasive respi-
ratory support, only 88%-89% of NICUs had a known
threshold.

We also assessed respondent’s practice in alignment
with a restrictive RBCT threshold with each scenario
(Fig. 1). The majority of NICUs (68-80%) were within
what could be considered restrictive RBCT policy. A
liberal RBCT threshold was more commonly used (21%)
in invasively ventilated infants older than 7 days.

Discussion

In this international survey of transfusion practices of
NICUs participating in the iNeo collaboration, we
identified variations in transfusion practices both within
and between networks. Although variations exist, 68%-
80% of NICUs reported RBCT hematocrit thresholds
which were compatible with a restrictive transfusion
policy.

Use of RBCT in ELBW infants is common practice.
RBCT administration is generally dependent on the
infants’ hemodynamic stability and respiratory status.
For unstable invasively ventilated infants, the rationale
for a higher RBCT threshold is to increase the oxygen
carrying capacity [13] by maintaining a higher hemat-
ocrit. For hemodynamically stable infants, the transfu-
sion threshold has been influenced by the possible
detrimental effect of iron deficiency on the developing
brain [14]; however, iron deficiency is not synonymous
with anemia of prematurity, especially in infants that
have received RBCT's. The number of RBCT's that ELBW
infants receive can be decreased by decreasing the
transfusion threshold. Many countries do not have
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transfusions guidelines; thus, the thresholds for trans-
fusion are determined by each NICU or even individual
health care teams. Nevertheless, a restrictive RBCT
threshold was adopted by many NICUs following the
publication of two major trials, the ETTNO [4] and the
TOP trials [5], reporting an absence of long-term ad-
verse effects of a restrictive RBCT.

RBCTs are essential and lifesaving in unstable or
severely anemic infants; however, there are known risks
of RBCTs such as transfusion-associated gut injury,
transfusion-associated cardiac overload, and mortality
[15, 16]. In preterm infants, multiple blood transfusions
may worsen conditions associated with inflammation,
such as bronchopulmonary dysplasia and retinopathy of
prematurity [15], thus decreasing RBCT use is an ob-
vious goal. Decreasing RBCTs in the NICU by applying
lower transfusion thresholds is one of a number of
methods that may be employed to obtain this goal.
Delayed cord clamping achieves a higher initial he-
moglobin and is common neonatal practice which has
shown in systematic reviews to reduce receipt of RBCT.
Use of cord blood transfusions [17] increases hemo-
globin without depleting fetal hemoglobin and may also
be beneficial due to presence of mesenchymal stem cells
that are considered protective against several prema-
turity associated complications [18]. Improving phle-
botomy losses [1], which is a major cause of anemia of
prematurity, should be part of standard practice. Pre-
vention of anemia of prematurity by use of erythro-
poiesis stimulating agents such as erythropoietin or
darbepoetin is known to decrease or prevent RBCT need
in ELBW infants [15].

A meta-analysis of 12 trials, including a total of 4,380
infants, compared restrictive vs. liberal transfusion
thresholds in anemic preterm infants [19]. Infants’ age at
first transfusion in the restrictive transfusion group was
higher than that of the liberal group (p = 0.004).
However, restrictive transfusion was associated with
more time on supplemental oxygen (p < 0.001) and
ventilator or continuous positive airway pressure (p =
0.001). For all other outcomes, the two transfusion
strategies were comparable. While both transfusion
strategies were found to be effective and safe in preterm
infants, the liberal strategy shortened the length of re-
spiratory support, the significance of which on long-
term respiratory and neurodevelopmental outcome is to
be elucidated.

Temporal changes in RBCTs were evaluated in Canada
by Kier et al. [20] and reported a trend towards fewer
RBCT was seen for preterm infants born at 26-29 weeks’
gestation; however, for preterm infants born at 23-25
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Fig. 1. Restrictive vs. liberal RBCT threshold in the iNeo networks. Restrictive hematocrit thresholds for

transfusions were considered: a — 35%, b -

weeks’ gestation, RBCT remained unchanged or increased.
In a European survey of transfusion practices performed
before publication of the ETTNO and TOP studies, 70% of
NICUs transfused at thresholds above a restrictive
threshold and 22% of NICUs below restrictive thresholds
[21]. Houben et al. [22] in a recent European study,
evaluated the implementation of restrictive RBCT
thresholds. The study identified wide variations in
transfusion practices between countries. Compared to the
ETTNO and TOP trials, a restrictive transfusion threshold
was used in 36.4%-44.4% of transfusions. Heeger et al. 23]
in a recent study from the Netherlands found that 47% of
RBCT's were administered above recommended threshold.
Mo et al. [24] studied transfusion practises in preterm
infants <32 weeks’ gestation based on the Chinese Neo-
natal Network in a retrospective study. Of the RBCTs,
25.6% were administered to infants on invasive respiratory
support, 51.3% to infants on noninvasive respiratory
support, and 23.1% to infants without respiratory support.
An increased rate of necrotizing enterocolitis (p = 0.001)
and a longer hospital stay (p < 0.001) were shown for
infants receiving RBCT above the recommended thresh-

6 Neonatology
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30%, ¢ - 30%, d — 25%. RBCT, red blood cell transfusion.

old. This study highlights the dilemma among infants on
noninvasive respiratory support who are often stable;
however, they may represent the largest group to whom
RBCTs are administered.

Our study surveyed the RBCT threshold use when a
restrictive RBCT threshold policy was well established.
When planning the survey, the representatives of the
participating iNeo countries agreed to use hematocrit
rather than hemoglobin thresholds as this was commonly
used for RBCT decisions. The survey did not specify if the
hematocrit values were venous or capillary; thus, the units
responded according to their standard practice. Neonatal
conditions such as cardiovascular instability or sepsis, for
which a higher transfusion threshold is often practiced,
were not surveyed as part of this project. We surveyed 4
common clinical scenarios. Variation in transfusion
thresholds was seen within each network; however, 68%-
80% of NICU responded that they employed a restrictive
RBCT policy. Finland, Switzerland, Sweden, and Tuscany
had a more uniform unit RBCT policy compared to other
networks, in particular regarding invasively ventilated
infants. In comparison to previous reports [20-23], a
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restrictive RBCT approach appears to be more commonly
used. Nearly all NICUs employed predefined transfusion
thresholds. For infants requiring respiratory support,
only 2-5% of NICUs did not have a transfusion threshold.
For stable non-ventilated infants, it is more difficult to
determine a transfusion threshold, as evident by the
higher number of NICUs (26%) that did not have a
transfusion threshold or in which transfusions were
physician dependent.

We undertook a large international survey on
transfusion practices and obtained a good response rate;
however, 37% of NICUs did not respond and their
policies may differ from those of responders. The
present survey sought to study practices in preterm
infants at risk for RBCTs. We chose to focus on the
preterm infant population <29 weeks’ gestation, which
includes nearly all ELBW infants and also includes many
very low birth weight infants (<1,500 g). Thus, the
survey is more representative of the majority of preterm
population requiring RBCTs compared to the ELBW
cohort included in the trials [4, 5]. The definition of a
restrictive transfusion policy for all scenarios surveyed
was chosen as that similar to previously studies [4, 5].
For stable infants, the lowest hematocrit threshold of
25% may not be of sufficient resolution, as for these
infants a RCBT threshold of 21-22% may be more
appropriate as also suggested in guideline for critically ill
children. [4, 5, 25]. The scenarios are encountered in
every NICU and represent common clinical dilemmas. A
limitation of this study is that it is based on a survey and
not actual practice as to what happens in real-world
situations. It will be useful and important to follow this
survey with practices and their association with out-
comes of neonates.

In conclusion, variations exist in blood transfusion
practises of very preterm infants between countries and
within networks. Despite the observed variation, a re-
strictive transfusion threshold was applied by more than
two thirds of participating NICUs. Additional research is
needed to evaluate whether practices align with intentions
and how they impact outcomes. Complete list of iNeo
investigators is in Supplementary material (for all online
suppl. material, see https://doi.org/10.1159/000546612).
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