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preterm neonates. We aimed to describe the effect of implementing this thresh-

Email: e lopriore@lumc.nl Study Design and Methods: This retrospective observational cohort study
included all very preterm infants (born <32 weeks' gestation) admitted to a
neonatal intensive care unit between 2004 and 2022, divided into three epochs.
Platelet transfusion thresholds changed from 30 x 10°/L for stable neonates
and 50 x 10°/L for unstable neonates (January 2004 to December 2009) to
20 x 10°/L for stable neonates and 50 x 10°/L for unstable neonates (January
2010 to June 2019) to 25 x 10°/L for non-bleeding neonates and 50 x 10°/L for
neonates with major bleeding (July 2019 to July 2022). The primary outcome was
the percentage of transfused neonates in each epoch. Secondary outcomes
included the median number of transfusions per neonate, the percentage of trans-
fusions given above 25 or 50 x 10°/L, and major bleeding and mortality rates.
Results: The percentage of neonates transfused was 12.2% (115/939), 5.8%
(96/1660), and 4.8% (25/525) in Epoch I, II, and III, respectively (p < .001), a
relative reduction of 61%. The median number of transfusions per transfused
neonate was 2.0 (interquartile range [IQR]: 1.0-3.0) in Epoch I, and 1.0 (IQR:
1.0-2.0) in subsequent Epochs (p = .04). The percentage of infants receiving at
least one transfusion above 50 x 10°/L in Epoch I, II, and III was 51.3%
(59/115), 17.7% (17/96), and 20.0% (5/25; p < .001). Mortality and bleeding
rates did not significantly differ between epochs.

Abbreviations: CBO, Centraal Begeleidings Orgaan; GA, gestational age; IQR, interquartile range; I[UGR, intrauterine growth restriction; IVH,
intraventricular hemorrhage; LUMC, Leiden University Medical Center; NEC, necrotizing enterocolitis; NICU, neonatal intensive care unit.
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1 | INTRODUCTION

Platelet transfusions are administered to 5.8%-53.0% of
neonates with a gestational age (GA) at birth below
32 weeks.' > Most of these transfusions are given prophy-
lactically, aiming at preventing bleeding when platelet
counts drop below the set transfusion threshold.* Evidence
supporting these thresholds has only recently become avail-
able. In 2019, the PlaNeT-2/MATISSE trial, a large multi-
center randomized controlled trial, compared a liberal
transfusion threshold (50 x 10°/L) to a restrictive transfu-
sion threshold (25 x 10°/L) in non-bleeding neonates with
a GA at birth below 34 weeks.” In this trial, major bleeding
or death occurred in 26% of the neonates in the high thresh-
old group and 19% in the low threshold group, supporting
the benefit of a restrictive threshold. A secondary analysis
of the trial demonstrated that the benefit of a lower thresh-
old is consistent for all neonates, irrespective of their base-
line risk of major bleeding and/or death.” A follow-up study
showed mortality and neurodevelopmental impairment
at 2 years of corrected age were also lower in the low-
threshold group.® The findings of the trial resulted in a
national guideline change for neonatal platelet transfu-
sions in the Netherlands in 2019, which recommended a
platelet transfusion threshold of 25 x 10°/L in all non-
bleeding preterm neonates.” Before 2019, two guideline
changes for platelet transfusions were implemented in the
study hospital. Internationally, after the publication of the
PlaNeT-2/MATISSE trial, similar implementation of more
restrictive strategies led to a reduction of platelet transfu-
sions in some, but not in all reported studies.* "'

The aim of this study was to assess the effects of the
guideline changes on the proportion of neonates receiv-
ing transfusions, the number of transfusions per neonate,
and the percentage transfusions given at a platelet count
above the threshold of 25 and 50 x 10°/L in each epoch.

2 | MATERIALS AND METHODS

2.1 | Setting, study design, and
population

We performed a retrospective single-center observational
cohort study in the neonatal intensive care unit (NICU)

Discussion: Implementation of restrictive platelet guidelines led to reduction
of the rate and number of platelet transfusions.

neonatology, platelet transfusion, restrictive platelet threshold

at the Leiden University Medical Center (LUMC), a ter-
tiary care center in the Netherlands. The institutional
review board of the LUMC approved the study and waived
the need for informed consent (G17-045). All neonates
born with a GA below 32 weeks and admitted between
January 2004 and July 2022 were included in the study.
Based on the implementation of two separate guideline
changes for platelet transfusion in 2010 and 2019, three
consecutive time epochs were defined, and we allocated
all neonates to the corresponding epoch based on their
date of birth: Epoch I from January 1, 2004 to December
31, 2009; Epoch II from January 1, 2010 to June 30, 2019;
and Epoch III from July 1, 2019 to July 16, 2022.

2.2 | Transfusion guideline changes

The guideline changes during the study period are described
in Table 1. In Epoch I, platelet transfusion thresholds were
30 x 10°/L for stable neonates and 50 x 10°/L for sick or
unstable neonates. “Sick” was not further defined in the
transfusion guideline.">"* In 2010, the Dutch national blood
transfusion guidelines were revised following a request from
the national blood bank (Sanquin Blood Supply Foundation)
council of users, to incorporate new evidence and unad-
dressed topics.” Based on this revision, the prophylactic trans-
fusion threshold for stable neonates was lowered from
30 x 10%/L to 20 x 10°/L (Epoch II). However, the threshold
of 50 x 10°/L for sick neonates remained in the transfusion
guideline. In July 2019, the transfusion guideline was
adapted again, following the publication of the PlaNeT-2/
MATISSE trial> The prophylactic transfusion threshold
changed from 20 x 10°/L to 25 x 10°/L in non-bleeding
neonates to match the restrictive threshold used in the trial
and 50 x 10°/L for neonates with major bleeding.

2.3 | Outcome measures

All data were collected from the electronic medical
records. The primary outcome measure was the percent-
age of neonates receiving at least one platelet transfusion
per epoch. The secondary outcomes were the number of
transfusions per transfused neonate, major bleeding and
mortality, the percentage of babies given at least one
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TABLE 1 Recommendations for transfusion thresholds for platelet transfusions in the three epochs.
Epoch I Epoch II Epoch III
January 2004-December 2009  January 2010-June 2019  July 2019-July 2022
Transfuse all <30 x 10°/L <20 x 10°/L <25 x 10°/L
Weight < 1500 g, and gestational age at <50 x 10°/L <50 x 10°/L
birth <32 weeks and sick/instable®
Prior to intervention (surgery, lumbar <50 x 10°/L

puncture), after exchange transfusion, or
experiencing a major bleed

Prior to exchange transfusion (administer <100 x 10°/L
platelet transfusions halfway during

exchange transfusion)

“The protocol did not include a definition of being sick/instable. This indication was removed in the 2019 revision.

transfusion above the thresholds of 25 x 10°/L and
50 x 10°/L in each epoch, and the percentage of transfu-
sions given above the thresholds of 25 x 10°/L and
50 x 10°/L in each epoch. Major bleeding was defined as
severe gastrointestinal bleeding (frank rectal bleeding,
except for mild bleeding caused by necrotizing enterocoli-
tis [NEC]),'* any acute fresh bleed through an endotra-
cheal tube with ventilatory changes,” and/or a severe
intraventricular bleed (IVH; defined as Grade III or
Grade IV according to Papile),'® and/or intracranial bleed
with midline shift or compression. Premature neonates
routinely undergo serial cranial ultrasonography to
screen for possible bleeds in the first 2 weeks of life.
Hereafter, cranial ultrasounds are performed less often,
except when needed to monitor existing bleeds. As bleed-
ing is an important clinical outcome and an important
indication for receiving a therapeutic transfusion, we pre-
sented bleeding rates per epoch. We did not collect data
on transfusion indications such as major bleeding or sur-
gery, so we could not distinguish between prophylactic
and therapeutic transfusions.

Before 2010, infants with a GA at birth below 25 weeks
were not actively resuscitated according to the national
guideline. In 2010, the national guideline was revised,'
and the limit for active care measures in the NICU was
lowered to a GA of 24 weeks. Therefore, no extremely pre-
term infants born below 24 weeks of gestation were
included in Epoch I, in contrast to Epoch II and Epoch III.

2.4 | Platelet transfusion component
specifications

The recommendations for transfusion dosage, the veloc-
ity of infusion, and irradiation remained unchanged dur-
ing the entire study period. The default platelet transfusion
product used was an apheresis hyperconcentrate platelet
component, given in approximately 30 min at a dose of

20 x 10°/L. Hyperconcentrate platelet transfusion is platelet
component in which the amount of plasma is reduced to
below 30%. This corresponds to around 4 mL for a 1kg
infant, depending on the concentration of platelets in the
transfusion product. The choice for hyperconcentrate plate-
let components is based on potential prevention of volume
overload."”'® In less than approximately 10% of transfu-
sions, a non-hyperconcentrate transfusion is administered,
usually in an emergency setting. Once a hyperconcentrate
platelet transfusion is ordered, the Dutch national blood
bank will prepare the hyperconcentrate component and
immediately ship it to the hospital, where it is administered
within 6 h after hyper concentration. The product is stored
at 20-24°C."° Platelet transfusions for infants born below
32 weeks' gestation during the study period were routinely
irradiated, leukocyte reduced,” ABO compatible, and Par-
vovirus B19 negative.

2.5 | Statistical analysis

Normally distributed values were presented as means
and standard deviation (SD), and non-normal distributed
values were presented as medians and interquartile range
(IQR). We used the Kruskal-Wallis test to compare the
use of platelet transfusions in the study epochs and
the Chi-square test or Fisher exact test for comparing the
morbidity and mortality rates. All statistical analyses
were performed using Statistical Package for the Social
Sciences (SPSS) version 29.0 (IBM, Chicago, IL, USA)
and STATA Statistical Software version 16.1 (TX, USA).

3 | RESULTS

During the study period, a total of 3124 neonates born at
a GA below 32 weeks were admitted to the NICU. In
total, 624 transfusions were given to 236 neonates.
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3.1 | Baseline characteristics

Baseline characteristics are presented in Table 2. There
are several differences between the epochs. As expected,
the GA was higher in Epoch I compared to Epoch II and
III. There was also an increase in cesarean section rates
over time. The incidence of sepsis was lower in Epoch II
and IIT compared to Epoch I. The incidence of NEC >
Stage 2'* was lower in the first epoch compared to the lat-
ter two epochs. Lastly, the duration of mechanical venti-
lation was longer in Epoch I

3.2 | Primary outcome

During the whole study period, 236 (7.6%) very preterm
infants received at least one platelet transfusion. Over
time transfusion rates decreased from 12.2% (115/939) to
5.8% (96/1660) to 4.8% (25/525) in Epoch I, II, and III,
respectively (p < .001; Figure 1). This is an absolute
reduction of 7.5% and a relative reduction of 61%.

3.3 | Secondary outcomes

The median number of transfusions for each transfused
neonate decreased from 2 (1-3) in Epoch I to 1 (1-2) in

Epochs IT and I1I, respectively (p = .04). We stratified the
transfusion rates by GA at birth, which shows a lower
transfusion rate among neonates with a higher GA at
birth (Figure 2).

The percentage of infants receiving at least one trans-
fusion given at a platelet count of 25 x 10°/L or higher
decreased from 90.4% (104/115) in Epoch I, to 74.0%
(71/96) in Epoch II, and 56.0% (1425) in Epoch III
(p <.001). The percentage of infants receiving at least
one transfusion at a platelet count of 50 x 10°/L or
higher was 51.3% (59/115) in Epoch I, 17.7% (17/96) in

15+
12.2%

10

%

5.8% ,
4.8%

T
Epoch | Epoch Il Epochlil
(2004—2009)(2010—-2019)(2019-2022)
(n=939) (n=1660) (n=525)

FIGURE 1
one platelet transfusion stratified by epoch.

The percentage of neonates who received at least

TABLE 2 Baseline characteristics.
Epoch I January Epoch II January Epoch III July
2004-December 2009 2010-June 2019 2019-July 2022
Characteristics (n = 939) (n = 1660) (n = 525)
Male sex, % (1) 53.0 (498) 53.6 (889) 54.7 (287)
GA at birth (median, IQR) 29.0 (28.0-30.0) 29.0 (27.0-31.0) 29.0 (27.0-30.0)
Multiple birth, % (n) 38.7 (363) 39.5 (655) 36.8 (193)
Cesarean section, % (n) 44.6 (419) 50.5 (838) 56.8 (298)
Birth weight in grams 1262.0 (363) 1249.6 (378) 1213.3 (366)
(mean, SD)
IUGR,* % (n) 34.8 (327) 30.7 (510) 30.7 (161)
Sepsis, % (1) 31.4 (296) 23.8 (395) 22.5(118)
NEC (> stage 2), % (n) 2.8 (26) 4.8 (80) 4.4 (23)
Days of mechanical 1.0 (0-6) 0.0 (0-3) 0.0 (0-3)
ventilation (median, IQR)
Mortality, % (n) 8.0 (75) 6.9 (115) 9.0 (47)
Length of stay, days 13.0 (6-27) 12.0 (6-29)° 13.0 (6-32)°
(median, IQR)
Days of life until first 3.0(1-7) 3.0 (1.5-6) 2.0 (2-9)

platelet transfusion
(median, IQR)

p-Value®
.84
.001
.54
<.001
.35

.08
<.001

.04

.0001

.27
.39

941

Abbreviations: GA, gestational age; IQR, interquartile range; IUGR, intrauterine growth restriction; NEC, necrotizing enterocolitis.
2y” test, analysis of variance, or Kruskal-Wallis test when appropriate.
"Two missing values for length of stay.
“Four missing values for length of stay.

Total
(n = 3124)

53.6 (1674)
29 (27-30)
38.8 (1211)
49.8 (1555)
1247 (371.6)

32(998)
25.9 (808)
4.1 (129)
0 (0-4)

7.6 (237)
13 (6-29)°

3.0 (1-7)
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FIGURE 2
receiving at least one platelet transfusion
stratified by gestational age (GA) at birth
and epoch. 20

Percentage of neonates 30

%

130 128
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[ Epoch | (2004—2009)
B Epoch Il (2010-2019)
169 Il Epoch Il (2019-2022)

119 121

10.6

24 25
(n=102) (n=143)

TABLE 3 Incidence of major bleeding and mortality in each epoch.

Epoch I
Jan 2004-Dec 2009

Morbidity % (n) (n =939)

Gastrointestinal bleeding 0.0 (0)

Pulmonary bleeding 1.0 (9)

Severe IVH (Grade III or IV) 7.2 (68)

Intracranial bleed, non IVH 0.3(3)

Major bleeding (overall) 8.4 (79)

Mortality (overall) 8.0 (75)

Abbreviation: IVH, intraventricular hemorrhage.
2y test or fisher exact test when appropriate.

Epoch II, and 20.0% (5/25) in Epoch III (p < .001). The
percentage of transfusions given at a platelet count of
25 x 10°/L or higher decreased from 60.1% (211/351) in
Epoch I to 50.5% (111/220) in Epoch II and 37.7% (20/53)
in Epoch III (p = .003). The percentage of transfusions
given at a platelet count of 50 x 10°/L or higher decreased
from 23.4% (83/351) in Epoch I to 10.0% (22/220) in Epoch
IT and 9.4% (5/53) in Epoch IIT (p < .001).

The percentage of major bleeding was 8.4% (79/939)
in Epoch I, 8.5% (141/1660) in Epoch II, and 11.2%
(59/525) in Epoch IIT (p = .13). Overall mortality was
8.0% (75/939) in Epoch I, 6.9% (115/1660) in Epoch II,
and 9.0% (47/525) in Epoch III (p = .27). Severe IVH was
detected in 7.2% (68/939), 6.9% (115/1660), and 9.5%
(50/525) of infants in Epoch I, II, and III, respectively
(p = .14; Table 3).

4 | DISCUSSION

This study shows that the implementation of successive
restrictive platelet transfusion guidelines at the study hospital

26 27 28 29 30 Ky
(n=242) (n=316) (n=440) (n=481) (n=646) (n=762)

GA in completed weeks

Epoch II Epoch III

Jan 2010-June 2019 July 2019-July 2022

(n = 1660) (n = 525) p-Value®
0.4 (7) 0.4 (2) 14

1.7 (28) 2.5(13) .08

6.9 (115) 9.5 (50) 14

0.3 (5) 0.2 (1) .90

8.5 (141) 11.2 (59) 13

6.9 (115) 9.0 (47) 27

in the past two decades resulted in an absolute reduction of
7.5% in the proportion of neonates who received one or more
transfusions and a relative reduction of 61%. In addition, we
found a 50% reduction in the median number of transfusions
per neonate.

In all epochs, transfusion rates decreased with
increasing GA. The group of extreme preterm neonates
with a GA of 24-25 weeks of gestation had however a
lower transfusion rate compared to neonates of 26-
27 weeks. This is potentially a chance finding. An alter-
native explanation is that many of these infants may have
passed away before receiving a transfusion. Within the
neonates born at 24 weeks gestation, an increase in
the proportion transfused is visible between epochs II
and III. This might be a chance finding, due to a lower
number of included infants in epoch III. Another expla-
nation might be that survival has increased due to
advances in neonatal care, and therefore more infants
remain at risk for receiving a transfusion.

Besides transfusion rates, we also reported clinical
outcomes for each epoch. We observed a slight increase
in the incidences of severe IVH, overall major bleeding,
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and mortality in epoch III. Importantly, epochs II and III
include infants born at 24 weeks gestation, which may
contribute to the higher incidences of severe IVH, overall
bleeding, and mortality (since the population of infants
born <25 weeks is at very high risk for each of these out-
comes). Given the non-significant p-values, these
observed incidences may also be chance findings. One
should be careful interpreting these results as our study
did not allow further evaluation of other possible causes.

Proving the safety of restrictive platelet transfusion
guidelines was not the intention of our study, as this has
been shown previously in the PlaNeT-2/MATISSE study.
The focus of our study was on evaluating the implemen-
tation of these findings.

41 | Comparison with the literature

A few other studies have previously described successful
implementation of restrictive platelet transfusion guide-
lines, of which four studies used the thresholds from the
PlaNeT-2/MATISSE study.®* "' The percentages of neo-
nates receiving a transfusion after implementation vary
between 5.0% and 11.9% in these studies. Three of these
studies show relative reductions varying from 40% to 51%
in the number of neonates receiving a platelet transfusion
over the years following guideline changes.*'° Our find-
ings corroborate these findings. One study did not show a
significant reduction in the number of neonates receiving
a transfusion.'"’ This contradicts our study results but
might be due to the selection of transfused neonates in
the second period of this study. As these recipients have a
lower GA, a lower birth weight, and consist of a higher
proportion of intrauterine growth restricted (IUGR) neo-
nates than in the first period, they are likely more at risk
of morbidity and therefore transfusions.

4.2 | Strengths and limitations

Strengths of our study encompass the large number of
included preterm neonates, complete data of high qual-
ity, and the long time period. We described the direct
implementation of the PlaNeT-2/MATISSE study with
restrictive thresholds for preterm neonates, irrespective
of postnatal age or clinical status.

We acknowledge the limitations to our study. We did
not have information on clinical characteristics that may
have been considered by the prescribing physicians for
transfusion indications. This is particularly relevant in
Epochs I and II, where being deemed “sick” was a reason
for prescribing a transfusion at the higher platelet count
threshold.

Second, this is a single-center study. The study hospi-
tal may differ from others with respect to guidelines,
platelet component specifications, transfusion dose and
velocity, and patient characteristics, hampering the gen-
eralizability of our results.

Third, the characteristics of our study population
changed over time. The observed decreased transfusion
rates may, in part, be influenced by these changes. How-
ever, the changes we observed were an increase in the
proportions of neonates with NEC in Epochs II and III
compared to Epoch I and a lower GA in the later epochs.
These are usually associated with higher or similar risks
of transfusion, which is the opposite of what we
observed. Our results therefore suggest that the reduction
in transfusion rates is most likely a result of the imple-
mentation of new guidelines.

To compare rates of infants receiving at least one
transfusion given above the restrictive thresholds of
25 and 50 x 10°/L, we categorized all platelet transfu-
sions based on the pre-transfusion platelet counts. This is
a crude assessment, dictated by data availability, as it
does not consider whether these transfusions were given
while actively bleeding or during a clinical setting where
the transfusion was deemed necessary. Nonetheless, this
approach does allow us to observe a trend in the number
of non-indicated transfusions. Additionally, we know
from previous studies that the majority of platelet trans-
fusions are given prophylactically.>**!

4.3 | Clinical relevance

We provide information on the current proportion of
transfused neonates in a single center, after implementing
increasingly restrictive platelet transfusion thresholds.
While the rates of transfusions have gone down, still 20%
of transfused infants received at least one transfusion
above 50 x 10°/L and 56% above 25 x 10°/L. An interna-
tional survey showed 57% of European NICUs transfuse
non-bleeding neonates at platelet counts above 25 x 10°/
L,** indicating the importance of information on imple-
mentation. Future studies regarding the optimal platelet
transfusion threshold will require an increasingly larger
sample size given the current low transfusion prevalence.

5 | CONCLUSION

We found that the successive implementation of increas-
ingly restrictive prophylactic platelet transfusions in the
past two decades in very preterm neonates reduced by
more than half the relative need of transfusion rates and
number of transfusions per neonate. Implementation of
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the Planet-2/MATISSE study results is feasible and
urgently needed, given the increased risk of mortality
and major bleeding associated with higher transfusion
thresholds.
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