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ABSTRACT

Objective Despite lack of evidence supporting
efficacy, prophylactic fresh frozen plasma and Octaplas
transfusions may be administered to very preterm
infants to reduce bleeding risk. International variation
in plasma transfusion practices in neonatal intensive
care units (NICUs) is poorly understood, therefore, we
aimed to describe neonatal plasma transfusion practice
in Europe.

Design Prospective observational study.

Setting 64 NICUs in 22 European countries, with a 6-
week study period per centre between September 2022
and August 2023.

Patients Preterm infants born below 32 weeks of
gestational age.

Interventions Admission to the NICU.

Main outcome measures Plasma transfusion
prevalence, cumulative incidence, indications, transfusion
volumes and infusion rates and adverse effects.
Results A total of 92 of 1143 infants included (8.0%)
received plasma during the study period, collectively
receiving 177 transfusions. Overall prevalence was 0.3
plasma transfusion days per 100 admission days, and
rates varied substantially across Europe. By day 28

of life, 13.5% (95% Cl 10.0% to 16.9%) of infants
received at least one plasma transfusion, accounted

for competing risks of death or discharge. Transfusions
were given for a broad range of indications, including
active bleeding (29.4%), abnormal coagulation screen
results (23.7%) and volume replacement/hypotension
(21.5%). Transfusion volumes and infusion rates varied
significantly; the most common volume was 15 mL/kg
(range: 5-30mL/kg) and the most common duration was
2 hours (range: 30 min to 6 hours).

Conclusions We found wide variation in plasma
transfusion practices in Europe, highlighting the

need for evidence to inform neonatologists in daily
practice and guidelines, in particular for non-bleeding
indications.

Trial registration number ISRCTN17267090.

% for the INSPIRE Study Group

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Considerable uncertainty exists about the
optimal use of plasma transfusions in very
preterm infants. Plasma may be beneficial
in a clinical setting with active bleeding and
abnormal coagulation, although there is limited
direct evidence in neonates.

WHAT THIS STUDY ADDS

= We observed considerable variation in plasma
transfusion practices across Europe, with many
transfusions given for indications which are not
sufficiently evidence based. Transfusion use,
volume and infusion rate of plasma transfusions
varied widely across European countries.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our results underline the need for evidence-
based strategies to guide plasma transfusion
use in intensive care for very preterm infants,
specifically for non-bleeding indications.

INTRODUCTION

Considerable uncertainty exists about the optimal
use of plasma transfusion in very preterm infants
born below 32 weeks of gestation. Fresh frozen
plasma (FFP) or Octaplas transfusion may be bene-
ficial in a clinical setting with active bleeding and
abnormal coagulation, although there is limited
direct evidence in neonates.'” However, plasma
transfusions are also used in the neonatal intensive
care unit (NICU) for other indications with very
little evidence of benefit, including for abnormal
coagulation screen results alone in the absence of
active bleeding or for fluid replacement.*® A single
randomised controlled trial (RCT) published in
1996 assessed the effect of prophylactic plasma
transfusion in very preterm infants and showed no
reduced risk of cerebral ultrasound abnormalities
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and long-term outcomes (although it did not incorporate coag-
ulation screening).® 7 In addition, observational studies have
demonstrated that FFP transfusions often fail to correct
abnormal coagulation screen results, particularly if abnormali-
ties are minor.” ®® Finally, reference ranges used in NICU are
frequently based on limited and historical studies, so assessing
coagulopathy in preterm infants may not be straightforward.” ™2
Despite this, a recent survey showed that 39% of European
NICUs transfuse plasma to infants for abnormal coagulation
screen results without active bleeding.” A better understanding
of current practices can help identify research priorities and
promote more evidence-based practice for preterm infants in the
future. Recognising the current knowledge gap, we performed
a prospective observational study describing plasma transfusion
practices including plasma transfusion prevalence and incidence,
primary indications for transfusion, transfusion volumes and
infusion rates across 64 NICUs in 22 European countries.

METHODS
Study design
We performed an international, prospective, observational
cohort study (International Neonatal Transfusion Point Preva-
lence study) to evaluate current red blood cell (RBC), platelet
and plasma transfusion practices in preterm infants in Europe.
RBC and platelet transfusion data are published in separate arti-
cles.* 1

National coordinating clinicians led the recruitment of partic-
ipating tertiary-level NICUs in their country. We invited a
number of centres per country proportional to the population
size of each country relative to other participating countries. In
collaboration with the European Foundation for the Care of the
Newborn Infant, a parent advisory board provided input in every
stage of the study. We enrolled the study protocol (online supple-
mental file 2) in the ISRCTN registry (ISRCTN17267090).
We conducted the study in accordance with the General Data
Protection Regulation and Declaration of Helsinki. We followed
the Strengthening the Reporting of Observational Studies in
Epidemiology reporting guideline.

Study participants and data collection

Study protocol included all very preterm infants born below
32 weeks of gestation who were admitted to one of the partici-
pating NICUs during the 6-week study period. Parents or guard-
ians provided consent where required by national or regional
legislation. We included preterm infants on NICU admission,
date of consent or start of the study period, whichever came
last. We continued study observation period until earliest of the
following time points: day of death, day of discharge or last day
of the study period.

Data collection

All participating centres collected data over a 6-week study
period between September 2022 and August 2023. We defined
a transfusion event as administration of a plasma transfusion.
This was primarily FFP and Octaplas. For each plasma transfu-
sion event, we collected the type of transfusion, primary indica-
tion, volume and duration of transfusion. Primary indications
for transfusion could be selected from a predefined option list,
including active bleeding, abnormal clotting test(s), prevention
of major bleeding, surgical procedure, volume replacement/
hypotension, sepsis and other. We also collected any adverse
effects that neonatologists considered to be possibly related to
the transfusion using a yes/no question, followed by a free text

commentary. In the absence of clear definitions of transfusion-
associated adverse effects in preterm infants, we opted for a free
text format with the aim of gaining insights in adverse effects
neonatologists identify in clinical practice.

Additionally, we documented instances of major bleeding,
culture-positive sepsis, necrotising enterocolitis (NEC), invasive
mechanical ventilation and surgery, with definitions provided in
online supplemental eTable 1. We collected study data with a
validated electronic Castor database that adhered to standards
of ICH E6 Good Clinical Practice.

Although we also collected information on the use of cryo-
precipitate, we reported the use of cryoprecipitate separately
from plasma transfusions in the Results section because it differs
from FFP and Octaplas. Cryoprecipitate is derived from further
processing of FFP, making it a more concentrated source of
fibrinogen, von Willebrand factor, and factors VIII and XIII.
Clinical use of cryoprecipitate also varies from that of FFP and
Octaplas, as it is primarily indicated to replace fibrinogen, for
which fibrinogen concentrate is used in many European coun-
tries instead.

Outcome measures

The main outcome measures of the study comprised (1) the
plasma transfusion day prevalence rate, (2) the patient-mix
adjusted plasma transfusion day prevalence rate and (3) the
cumulative incidence of receiving at least one plasma transfusion
within the first 28 postnatal days of life. A plasma transfusion
day was defined as any admission day in the study period on
which the infant received at least one plasma transfusion. Plasma
transfusion day prevalence rate was defined as the number of
plasma transfusion days per 100 NICU admission days, hereafter
referred to as plasma transfusion prevalence. For the cumulative
incidence, we only included infants enrolled from day of birth
and accounted for competing risks of death and discharge. Addi-
tional study outcomes included primary indications for plasma
transfusion, transfusion volume, duration, and infusion rate, and
transfusion-related adverse effects.

Statistical analysis

We drafted a statistical analysis plan prior to conduct of the
analysis (online supplemental file 4). We presented patient and
centre characteristics as median (IQR) or frequencies (%).

For the main study outcome measures, we calculated the
overall plasma transfusion prevalence by pooling estimates from
individual centres into subgroup estimates per country, which
were then combined into the overall estimate using random
effects Poisson models.'® Additionally, to calculate patient-mix
adjusted prevalences per country, we developed a logistic
regression with transfusion day (yes/no) as the dependent vari-
able, and sex, gestational age at birth, birth weight, congenital
malformations, major bleeding, NEC, sepsis, mechanical venti-
lation, surgical procedure and postnatal day as independent
variables. We subsequently used this model to predict plasma
transfusion per day for all individual infants in the study and
averaged these predictions to derive the expected prevalence per
country. Subsequently, the observed transfusion prevalence was
divided by expected prevalence per country. Finally, we multi-
plied these country-specific observed/expected ratios by the
overall observed prevalence to derive the patient-mix adjusted
prevalence. For the computation of the cumulative incidence of
receiving at least one plasma transfusion during the first 28 days
of life, we considered death and discharge as competing events
and we only included infants who were followed from birth.
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Table 1 Patient characteristics
Gestational age at  Birth weight in Major Invasive mechanical

Female sex,  birth in weeks+days, grams, bleeding,*  NEC* Sepsis, * ventilation, t Surgery,
Country n (%) median (IQR) median (IQR) n (%) n (%) n (%) n (%) n (%)
Austria 22/50 (44) 26+4 (24+4 10 28+5) 890 (650-1280) 5/50 (10) 0/50 (0) 7/50 (14) 12/50 (24) 5/50 (10)
Belgium 9/16 (56) 29+6 (25+4 to 30+6) 1180 (852-1357) 0/16 (0) 0/16 (0) 0/16 (0) 1/16 (6) 1/16 (6)
Bosnia and Herzegovina 17/32 (53) 29+6 (28+2 to 31+1) 1252 (1015-1592)  3/32 (9) 0/32 (0) 3/32 (9) 6/32 (19) 1132 (3)
Croatia 17124 (71) 30+3 (28+1to 31+4) 1225 (1075-1440) 1/24 (4) 0/24 (0) 2/24 (8) 324 (13) 1124 (4)
Czech Republic 21/53 (40) 30+1 (27+5 to 31+2) 1230 (925-1600) 1/53 (2) 0/53 (0) 3/53 (6) 10/53 (19) 3/53 (6)
Denmark 14/34 (41) 27+0 (25+5 t0 29+0) 940 (788-1200) 3/34 (9) 1/34 (0) 6/34 (18) 18/34 (53) 7134 (21)
France 50/116 (43) 28+4 (26+2 to 30+2) 1047 (780-1335) 10/116 (9) 4/116 (0) 19/116 (16) 40/116 (35) 9/116 (8)
Germany 33/76 (43) 26+4 (25+2 to 29+4) 845 (605-1190) 2/76 (3) 0/76 (0) 5/76 (7) 20/76 (26) 6/76 (8)
Hungary 18/39 (46) 27+2 (26+1 t0 30+2) 920 (750-1160) 6/39 (15) 3/39 (8) 13/39 (33) 13/39 (33) 2/39 (5)
Ireland 29/61 (48) 26+4 (25+2 to 29+4) 1090 (850-1400)  5/61 (8) 6/61 (10) 7/61 (1) 31/61 (51) 5/61 (8)
Italy 46/124 (37) 28+4 (26+4 to 30+0) 1050 (817-1290) 11124 (9) 3/124(2) 9/124 (7) 36/124 (29) 13/124 (10)
Netherlands 32/79 (41) 28+4 (26+3 to 30+4) 1145 (886-1500)  4/79 (5) 0/79 (0) 8/79 (10) 25/79 (32) 4779 (5)
Norway 15/33 (45) 26+0 (25+1 t0 26+46) 793 (636-1010) 8/33 (24) 133 (3) 5/33 (15) 18/33 (55) 4/33 (12)
Poland 33/84 (39) 28+1 (26+6 to 30+1) 1085 (850-1345) 10/84 (12) 3/84 (3) 12/84 (14) 36/84 (43) 14/84 (17)
Portugal 12/19 (63) 29+5 (28+6 to 31+1) 990 (810-1410) 0/19 (0) 0/19 (0) 2/19(10) 4119 (21) 0/19 (0)
Romania 15/29 (52) 29+0 (27+4 to 31+0) 1300 (880-1600) 7129 (24) 129 (3) 4129 (14) 17129 (59) 0/29 (0)
Slovakia 17130 (57) 27+6 (25+6 to 30+2) 940 (780-1280) 0/30 (0) 1/30 (3) 3/30 (10) 9/30 (30) 1/30 (1)
Slovenia 10/20 (50) 28+3 (26+4 t0 29+6) 895 (730-1347) 1/20 (5) 0/20 (0) 0/20 (0) 6/20 (30) 1/20 (1)
Spain 36/87 (41) 28+5 (26+4 to 30+2) 1000 (770-1285)  5/87 (6) 2/87 (0) 9/87 (10) 16/87 (18) 6/87 (7)
Sweden 20/49 (41) 28+3 (25+5 t0 29+6) 1060 (745-1396) 3/49 (6) 5/49 (10) 2/49 (4) 22/49 (45) 6/49 (12)
Switzerland 24/50 (48) 28+4 (26+3 to 30+4) 1120 (800-1470) 6/50 (12) 1/50 (2) 2/50 (4) 19/50 (38) 2/50 (4)
UK 12/38 (32) 26+6 (24+3t029+2) 883 (618-1120) 1/38 (3) 2/38 (5) 4/38 (10) 21/38 (55) 7138 (18)
Overall 502/1143 (44) 28+2 (26+2 to 30+2) 1030 (780-1350) 92/1143 (8)  33/1143(3)  125/1143 (11) 383/1143 (34) 98/1143 (9)

See online supplemental eTable 1 for definitions.

*At least one episode of major bleeding/NEC/sepsis during study period.
tAt least 1 day of invasive mechanical ventilation during study period.
$Any type of surgery.

NEC, necrotising enterocolitis.

We conducted the analysis of the main study outcome measures
using R statistical software (V.4.1.17, R Core Team, 2021), with
function ‘metarate’ from package ‘meta’ and function ‘cuminc’.
We performed computations for the remaining study outcome
measures in STATA statistical software (V.16.1, Texas, USA). We
computed transfusion infusion rates (mL/kg/hour) by dividing
transfusion volume (mL/kg) by transfusion duration (hours).
Figures were made using GraphPad Prism (V.9.3.1, California,
USA).

RESULTS

Patients and centres

We enrolled a total of 1143 patients from 64 NICUs in 22 Euro-
pean countries. Patient characteristics are presented in table 1.
Infants included in the study had a median gestational age at
birth of 28 +2 weeks (IQR: 26+2to 30+2 weeks) and a median
birth weight of 1030 g (IQR: 780-1350 g). Median study obser-
vation period per infant was 20 days (IQR: 10-35), resulting in
a total of 24978 study days. We presented centre characteristics
in online supplemental eTable 2.

Plasma transfusion

In total, 92 patients (92/1143, 8.0%) received one or more plasma
transfusions during the study period, collectively receiving 177
transfusions. Median number of plasma transfusions per trans-
fused infant was 1 (IQR: 1-2). Nearly all were FFP transfusions
(175/177, 98.9%), two were Octaplas (2/177, 1.1%). In 151 of

177 (85.3%) plasma transfusions, the infant received invasive
mechanical ventilation during the transfusion.

The overall plasma transfusion prevalence was 0.3 plasma
transfusion days per 100 admission days (95% CI 0.1 to 0.4,
figure 1). Ratios between observed and expected prevalence based
on patient-mix ranged from 0.1 to 2.4 across countries (online
supplemental eTable 3). This indicates that some countries trans-
fuse more (ratio >1.0) or less (ratio <1.0) than expected. Model
specifications for the estimation of the expected prevalences are
available in online supplemental eTables 4 and 5 and eFigure 1.
Most infants transfused with plasma received their first transfu-
sion in the first days after birth, shown by the steep gradient of
the orange line from day 1 to day 7 (figure 2, based on 468 out
of 1143 (40.9%) infants followed from birth). By day 7 of life,
9.3% (95% CI 6.6% to 11.9%) of infants had received at least
one plasma transfusion, and this proportion increased to 13.5%
(95% CI 10.0% to 16.9%) by day 28 of life.

Transfusion indication

The primary indications for most plasma transfusions were
active bleeding (52/177, 29.4%), abnormal coagulation screen
results (42/177, 23.7%) or volume replacement/hypotension
(38/177, 21.5%) (figure 3). Remaining transfusions were given
for surgical procedures (17/177, 9.6%), prevention of major
bleeding (10/177, 5.6%), critically ill conditions (9/177, 5.1%)
and ‘other’ indications (9/177, 5.1%). ‘Other’ indications
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Figure 1  Overall plasma transfusion prevalence. Observed prevalences were calculated using random effects Poisson models to pool the transfusion
prevalence per centre into country subgroup estimates and subsequently to derive the overall estimate. Upper limit Cls of Germany and Romania are
outside axis limits. Expected prevalence as predicted based on patient-mix using a logistic regression model which included the following variables:
sex, gestational age at birth, birth weight, congenital malformations, major bleeding, necrotising enterocolitis (NEC), sepsis, mechanical ventilation,
surgical procedure, postnatal day. NICU, neonatal intensive care unit

— Plasma transfusion — Discharge without plasma transfusion — Death without plasma transfusion

0.30

Cumulative incidence

Days of life

Figure 2 Cumulative incidence of receiving at least one plasma transfusion during the first 28 postnatal days of life. Adjusted for the competing
risks of death and discharge (presented as cumulative incidence, with corresponding 95% Cls) and based on 468 out of 1143 (40.9%) infants
followed from birth. Cumulative incidences of plasma transfusion, discharge and death at day 28 of life do not sum up to 100% due to a portion of
infants remaining admitted in the neonatal intensive care unit (NICU) without plasma transfusion.

common volume was 15 mL/kg (88/176, 50.0%), followed
by 20 mL/kg in 21.0% (37/176). Most common dura-
tions were 2 hours (69/176, 39.2%) and 3 hours (47/176,
26.7%). The most common infusion rate was 5-10mL/

included replacement of serum loss (6/177, 3.4%), haematoma
(2/177, 1.1%) and oedema (1/177, 0.6%).

Transfusion volume, duration and infusion rate

For 176 out of 177 (99.4%) plasma transfusions, volumes
ranged from 5 mL/kg to 30 mL/kg, durations ranged from
30 min to 6 hours and infusion rates ranged from below
5 mL/kg/hour to more than 20 mL/kg/hour. The most

kg/hour (92/176, 52.3%). Transfusion volumes and dura-
tions are presented separately for plasma transfusion given
for active bleeding and other indications in figure 4A,B,
respectively.

F4 Houben NAM, et al. Arch Dis Child Fetal Neonatal Ed 2025;0:F1—F8. doi:10.1136/archdischild-2024-327926
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Figure 3  Primary indications for 177 plasma transfusions. Indications
for transfusion were active bleeding (52/177), abnormal coagulation
screen results (42/177), or volume replacement/hypotension (38/177),
surgical procedures (17/177), prevention of major bleeding (10/177),
critically ill conditions (9/177) and other indications (9/177).

Transfusion-associated adverse effects

We did not record any adverse effects that neonatologists consid-
ered related to a preceding plasma transfusion during the study
period.

Cryoprecipitate

Only in two of the 22 participating countries did we record the
use of cryoprecipitate, with a total of six transfusions. These
were primarily indicated for abnormal screen results (5/6) or
prevention of major bleeding (1/6). Common volumes were 10
mL/kg (3/6) or 15 mL/kg (3/6), and administration times were 30
min (2/6), 1 hour (1/6) or 2 hours (3/6).

DISCUSSION
Our study is the first to describe plasma transfusion practices
across European NICUs. We found significant variability in
plasma transfusion practices across the 22 participating coun-
tries, including variation in indications, transfusion volumes,
duration and infusion rates. Approximately two-thirds of plasma
transfusions were given for abnormal coagulation screen results,
volume replacement/hypotension and critically ill conditions.
Cumulatively, 13.5% (95% CI 10.0% to 16.9%) of patients
received at least one plasma transfusion by day 28 of life, which
is slightly higher than previously described in several national
studies.* 72" The majority of infants that received a plasma
transfusion did so during the first week of life. This may be
explained by the use of routine coagulation screens after birth
or the increased risk of haemorrhage in the first days of life.
Additionally, we identified variations in plasma transfusion prev-
alence across participating countries, which could not be fully
explained by differences in patient-mix. National guidelines for
plasma transfusions for preterm infants vary considerably from
country to country and are often based on limited evidence.*'
The primary indication for approximately one in four plasma
transfusions was stated to be abnormal coagulation screen results,
such as activated partial thromboplastin time or prothrombin
time. However, there is no evidence supporting routine trans-
fusion of FFP for non-bleeding neonates to try to correct
abnormalities of the coagulation screen alone. Moreover, reli-
able assessment of coagulation can be more complex in infants.
Preterm infants have a different balance of both coagulation
factors and natural inhibitors of coagulation.””** Although this
balance allows healthy infants to maintain adequate haemostasis,
the difference in neonatal coagulation factor levels is reflected
in longer neonatal coagulation screen results as compared with

those of older children and adults." ' '* 2* However, it is difficult
for individual centres to generate their own coagulation reference
ranges from preterm infants. As results of coagulation screens are
highly dependent on analysers and reagents, published reference
ranges may not be directly applicable to local coagulation screen
results. In addition, published reference ranges are also often not
validated for extreme prematurity.” > As a result, neonatal coagu-
lation results may be misinterpreted by clinicians. Additionally, as
the effectiveness of plasma transfusions in substantially correcting
coagulation abnormalities and reducing bleeding risk has never
been conclusively proven in non-bleeding preterm infants, use of
plasma for this indication should be approached with caution.>¢®
This lack of evidence extends to adult intensive care, where the
benefit of prophylactic plasma transfusions for non-bleeding
patients remains unproven.” 2 Additionally, the haemostatic
system of preterm infants may respond different to haemostatic
interventions as generally thought. This was evidenced by a large
RCT comparing two prophylactic platelet transfusion thresh-
olds.”” Opposite to previous assumptions, the authors found
that a liberal platelet transfusion policy resulted in higher rates
of mortality and/or major bleeding compared with a restrictive
policy. These findings challenge long-held belief in the benefits
of prophylactic transfusions and contribute to the ongoing para-
digm shift that suggests that the ‘better safe than sorry” approach
should be reconsidered for a ‘less is more’ strategy.”® Future
studies should explore factors that influence transfusion decisions
and behavioural aspects of clinical decision-making, with the goal
of reducing unnecessary transfusions.

Furthermore, bleeding is a multifactorial process influenced
by various clinical factors besides coagulation assay results,
which should be taken into account when quantifying bleeding
risk in infants.”* %’ However, accurate prediction of bleeding risk
in preterm infants remains a significant challenge. While several
risk scoring tools have been developed for adult patient popula-
tions, a systematic and validated tool to assess bleeding risk and
weigh potential risks and benefits of haemostatic interventions
in preterm infants is still lacking.*® Development of a prediction
tool that incorporates coagulation assay results, platelet counts
and other clinical factors could significantly improve transfu-
sion decision-making for preterm infants by identifying those at
high risk of bleeding and weighing risks and benefits of different
haemostatic interventions. This approach would be an important
step towards individualised transfusion medicine for preterm
infants.

Notably, 21% of transfusions were given primarily for volume
replacement or hypotension. There is no conclusive evidence
supporting use of plasma over other volume replacement
options such as crystalloid solutions.’’* In fact, it is hypoth-
esised that plasma volume expansion can cause pulmonary
oedema as a result of increased plasma leakage across capillary
membranes.** ¥ If volume loss can be adequately replaced by
other volume replacement options, it could be argued that these
may be preferred over plasma transfusions given their potential
risks.

We found wide variation in transfusion dose and durations,
both for transfusions given for active bleeding as well as those
given for other indications, underlying the absence of evidence
for optimal volumes and durations in preterm infants. Although
we expected that clinicians might be inclined to administer
higher volumes at faster infusion rates in case of active bleeding
than in a prophylactic setting, we did not observe this pattern in
this study. More evidence is needed to guide optimal administra-
tion of plasma for different indications and to minimise variation
in practice.
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Figure 4 (A) Transfusion volume, duration and infusion rate of 52 plasma transfusions given for active bleeding. Colours reflect most common
infusion rate within each dot, infusion rates of individual transfusions within one dot may vary as infusion rates were calculated using unrounded
transfusion volumes and durations. Transfusion volumes were 5 mL/kg or less in 3.9% (2/52), 10 mL/kg in 26.9% (14/52), 15 mU/kg in 46.2% (24/52),
20 mL/kg in 15.4% (8/52), 25 mL/kg in 5.8% (3/52) and 30 mL/kg in 1.9% (1/52). Transfusion durations were 30 min or less in 5.8% (3/52), 1 hour in
19.2% (10/52), 2 hours in 46.2% (24/52), 3 hours in 21.2% (11/52) and 4 hours in 7.7% (4/52). Transfusion infusion rates were 5 mL/kg/hour or less
in 19.2% (10/52), 5-10 mL/kg/hour in 46.2% (24/52), 10-20 mL/kg/hour in 26.9% (14/52) and 20 mL/kg/hour or more in 7.7% (4/52). (B) Transfusion
volume, duration and infusion rates of 124 plasma transfusions given for other indications than active bleeding. Colours reflect the most common
infusion rate within each dot, infusion rates of individual transfusions within one dot may vary as infusion rates were calculated using unrounded
transfusion volumes and durations. Transfusion duration and/or volume were unknown in one transfusion (1/125; 0.8%). Transfusion volumes were 5
mL/kg or less in 0.8% (1/124), 10 mL/kg in 21.8% (27/124), 15 mL/kg in 51.6% (64/124), 20 mL/kg in 23.4% (29/124), 25 mL/kg in 0.8% (1/124) and
30 mL/kg in 1.6% (2/124). Transfusion durations were 30 min or less in 8.9% (11/124), 1 hour in 12.9% (16/124), 2 hours in 36.3% (45/124), 3 hours
in 29.0% (36/124), 4 hours in 6.5% (8/124) and 6 hours in 6.5% (8/124). Transfusion infusion rates were 5 mL/kg/hour or less in 17.7% (22/124),
5-10mL/kg/hour in 54.8% (68/124), 10—20 mL/kg/hour in 16.9% (21/124) and 20 mL/kg/hour or more in 10.5% (13/124).
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We did not document any adverse effects potentially associated
with the plasma transfusions administered, although it is known
that plasma transfusion may cause severe complications shortly
after administration, such as haemolytic reactions, transfusion-
associated circulatory overload or transfusion-related acute
lung injury.! **® Plasma transfusion-related adverse events may
be overlooked in the context of other recipient comorbidities.
Moreover, there may be long-term effects of plasma transfu-
sion that we do not yet know about. There is a developmental
mismatch between adult donor blood and neonatal blood, which
is also reflected in physiological differences in plasma, with
relatively higher concentrations of anti-inflammatory factors
in infants.”? 3 ** This does not necessarily indicate that the
neonatal immune system is impaired, but rather that infants may
maintain a highly balanced system adapted to their needs.*” *°
Whether transfusion with adult plasma can disturb this balance
between proinflammatory and anti-inflammatory factors
remains unknown. Our study design did not allow us to assess
short- and long-term effects of plasma transfusion in preterm
infants, although this is a crucial aspect that warrants further
research. Large, high-quality RCTs are needed to substantiate
whether plasma transfusions prevent bleeding in preterm infants
and should include neurodevelopmental assessments to examine
long-term effects. Until then, routine prophylactic plasma trans-
fusions for non-bleeding infants aimed at correcting abnormali-
ties of the coagulation screen alone should generally be avoided.

A limitation of the study is inclusion of a relatively small
number of preterm infants per country, which hampers inter-
pretation of results at a national level. Additionally, we did not
collect pretransfusion coagulation assay results as these are diffi-
cult to interpret due to the lack of standardisation, and therefore
we were unable to comment on the degree of abnormality of
coagulation results. Lastly, we only collected primary indications
for transfusion and did not record any possible secondary indi-
cations that influenced clinical decision-making, which could
have contributed to our understanding of different transfusion
scenarios.

In conclusion, plasma transfusions are often administered to
preterm infants in European NICUs despite lack of evidence to
guide their use. We observed considerable variation in plasma
transfusion practices across Europe, with many transfusions
given for indications which are not sufficiently evidence based,
such as abnormal coagulation screens without active bleeding or
volume replacement. We urgently need evidence-based strate-
gies to guide plasma transfusion use in intensive care for very
preterm infants.
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