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Abstract
Objective Variation exists in neonatal platelet transfusion practices. Recent studies found potential harm in liberal platelet
transfusion practices, supporting the use of lower transfusion thresholds. Our aim was to reduce non-indicated platelet
transfusions through implementation of a restrictive platelet transfusion guideline.
Study design Platelet transfusions from January 2017 to December 2019 were classified as indicated or non-indicated using
the new guideline. Interventions included guideline implementation and staff education. Outcomes were evaluated using
statistical process control charts. Major bleeding was the balancing measure.
Result During study, 438 platelet transfusions were administered to 105 neonates. The mean number of non-indicated
platelet transfusions/month decreased from 7.3 to 1.6. The rate of non-indicated platelet transfusions per 100 patient
admissions decreased from 12.5 to 2.9. Rates of major bleeding remained stable.
Conclusions Implementation of a restrictive neonatal platelet transfusion guideline significantly reduced potentially harmful
platelet transfusions in our NICU without a change in major bleeding.

Introduction

Thrombocytopenia, defined as a platelet count <150 × 109/
L, affects 18–35% of all patients admitted to the Neonatal
Intensive Care Unit (NICU). Its incidence is inversely
proportional to the gestational age, reaching ~70% among

extremely low birth weight infants (ELBW) with BW
<1000 g [1–5].

Neonatal thrombocytopenia has been invoked as a poten-
tial contributor to the high incidence of intracranial hemor-
rhage (ICH) and bleeding among neonates. The desire to
prevent bleeding has likely contributed to the widespread use
of liberal platelet transfusion thresholds in neonates, with
observational studies suggesting that most platelet transfu-
sions in U.S. NICUs are given to non-bleeding neonates with
platelet counts between 50 and 100 × 109/L [6]. However,
there is a very poor relationship between the severity of
thrombocytopenia and the incidence of bleeding, suggesting
that factors other than the platelet count are better determi-
nants of bleeding risk in neonates [7, 8]. Furthermore, several
observational studies over the last decade reported a correla-
tion between number of platelet transfusions and increased
neonatal morbidity and mortality, even after adjustment for
severity of illness [9–13].

Until recently, the paucity of high-quality evidence to
guide clinical practice resulted in a lack of agreement
regarding the platelet count below which a neonate should
be transfused, which led to wide variability in transfusion
practices [14, 15]. Several surveys and observational studies
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revealed a striking inter-institutional and world-wide
variability in neonatal platelet transfusion thresholds, with
U.S. neonatologists generally transfusing at a higher platelet
count threshold than European neonatologists [6, 14, 15]. In
January of 2019, the PlaNet-2 trial was published. This
large, multicenter, prospective trial randomized thrombo-
cytopenic infants <34 weeks’ gestation to receive platelet
transfusions when the platelet count fell below 50 × 109/L
(high threshold) or below 25 × 109/L (low threshold). The
study found a significantly greater rate of death or major
bleeding in the 28 days following randomization in neo-
nates randomized to the high compared to the low threshold
group (26% vs. 19%, respectively) [16]. Initial concerns
about the generalizability of the findings to the highest risk
neonates were largely alleviated by a recent sub-analysis of
PlaNeT-2 data that evaluated for possible heterogeneity of
treatment effect. After categorizing the infants according to
their baseline risk of death or major bleeding, the investi-
gators found that babies in all risk categories benefited from
the lower platelet transfusion threshold [17].

While high-quality evidence like that provided by
PlaNeT-2 is now available to guide platelet transfusion
decisions in preterm neonates, data for term infants remain
limited and largely derived from observational studies.
Three prior retrospective studies investigated the association
between platelet transfusions and mortality among NICU
patients of all gestational and postnatal ages, and found an
association between number of platelet transfusions and
mortality [9, 10, 13]. Taken together, this body of evidence
strongly suggest that thoughtful, evidence-based decision
making regarding platelet transfusions in preterm as well as
full-term neonates and infants is essential, and that current
liberal transfusion practices in neonatology should be
revisited.

Methods

Setting

The Boston Children’s Hospital NICU is an academic ter-
tiary and quaternary referral center serving infants
<6 months corrected age with complex medical or surgical
conditions. More than 650 outborn infants are admitted each
year, transferred from other hospitals or through the emer-
gency room. More than 80% of these infants are <1 month
postnatal age at admission. All infants are cared for by a
multidisciplinary team, including neonatologists, neonatal
fellows, nurse practitioners, bedside nurses, respiratory
therapists, nutritionists, and pharmacists. The team caring
for infants with surgical diagnoses additionally includes
pediatric surgeons, pediatric surgical fellows, and surgical
critical care fellows.

Before this project, providers made decisions about when
to transfuse platelets based on a previously published
guideline that advised using a platelet count <50 × 109/L as
a transfusion threshold based on factors such as illness
severity, coagulopathy, pre- or postoperative status, and low
birth weight/early postnatal age [18]. Under this guideline,
higher platelet counts were used as transfusion thresholds in
sicker or clinically unstable neonates, in hopes of decreas-
ing their bleeding risk. The growing evidence that liberal
platelet transfusions may not decrease bleeding risk and
may instead be harmful to neonates had begun to change
individual provider practice, but significant variation still
existed, mirroring the practice variation described across
NICUs in the USA [6].

Interventions

A multidisciplinary team developed a key driver diagram
(Fig. 1) to plan interventions to achieve our specific aim of
minimizing non-indicated platelet transfusions from a
baseline of 7 to <3 per month over 1 year. Plan-Do-Study-
Act (PDSA) cycles were conducted to test effectiveness of
interventions.

Guideline development

The team created a practice guideline based on a review of
existing evidence and expert opinion that recommended
platelet transfusion thresholds based on gestational age,
chronological age, and specific risk factors. Surgery and
neurosurgery teams advised perioperative thresholds based
on their expertise. Infants at the highest risk of ICH (those
<28 weeks’ gestation and ≤7 days old) were placed in a
higher transfusion threshold category due to some uncer-
tainty regarding the translatability of PlaNeT-2 findings to
these patients. Specifically, since the average time of ran-
domization in the trial was day of life 7, and 39% of infants
received a platelet transfusion prior to randomization, it was
possible that these transfusions were given during the
highest risk period for ICH. Additionally, all infants in the
trial received a point of care (POC) bedside head ultrasound
within 6 h prior to randomization to ensure the absence of
ICH. Currently, our unit staff is not trained to perform POC
bedside ultrasounds, thus preventing the rapid assessment
for new/evolving ICH prior to transfusion decisions.
Together, this created enough uncertainty in this high-risk
group that they were assigned to a more liberal transfusion
threshold of <50 × 109/L. For all non-bleeding neonates
outside of this high-risk group/period (unless they had a
major bleed in the past 48 h, were immediately prior to
surgery, or immediately pre/post-op from a major neuro-
surgical procedure) a platelet transfusion threshold of <25 ×
109/L was recommended regardless of severity of illness or
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coagulopathy. The latter represented the most significant
departure from our group’s prior practice of transfusing
clinically unstable neonates at higher platelet counts. This
guideline was made available in January 2019. Key dif-
ferences between the two guidelines are outlined in Table 1.

Multipronged staff educational efforts

After guideline development, roll out efforts and education
began as a project launch from January 2019 to July 2019.
Staff education occurred in several ways. In February 2019,
the team discussed the background, evidence, and new

guideline at a faculty meeting. In March and April 2019,
fellows and neonatal nurse practitioners were educated.
Targeted group education occurred throughout the launch
period at daily huddles to increase staff awareness of new
guideline recommendations. One-on-one training occurred
via discussions on rounds and with providers as questions
arose regarding transfusion indications.

Encouraging staff buy-in

Throughout the study period, the team used the multi-
disciplinary daily operations brief forum to update all

Table 1 Neonatal platelet
transfusion guidelines before
(version 1) and after (version 2)
January 2019.

Platelet transfusion guideline
version 1 thresholdsa

Platelet transfusion guideline
version 2 thresholdsa

(×109/L) (×109/L)

Active bleeding Transfuse Transfuse

Transfuse all <30 <25

Clinical instability (i.e., vasopressor
requirement, high ventilator settings)

<50 <25

Prematurity

BW <1500 g and <7 days <50 N/A

<28 weeks GA and <7 days N/A <50

Concurrent coagulopathy <50 <25

Prior significant hemorrhage <50 (regardless of time
since bleed)

<50 (if bleeding within
last 48 h)

Platelet transfusion volume Unspecified (usually 15 ml/kg) 10 ml/kg

Platelet transfusion rate Unspecified (usually over
30–60 min)

Over 2–3 h

aThese recommendations are based on medical evidence and professional expert opinions. Decisions about
treatment are the responsibility of the treating clinician and should be tailored to individual circumstances.
Platelet volume and transfusion time are provided for reference only. Providers should refer to institutional
formulary or guidelines when prescribing.

Fig. 1 Key Driver Diagram.
Diagram outlining the project-
specific aim, key drivers, and
change concepts.

Implementation of a neonatal platelet transfusion guideline to reduce non-indicated transfusions using. . . 1489



disciplines about the guideline and remind them of the
project. During sign out, QI team members encouraged
providers to discuss platelet transfusion thresholds for “at
risk” babies to ensure team consensus on parameters and
address any questions. Project progress was also promoted
on the electronic QI board in the staff breakroom to
advertise the importance of the guideline.

Creation of an electronic clinical pathway

An electronic clinical pathway was developed to increase
applicability and generalizability of the guideline to
neonates admitted to other areas of the hospital (cardiac
and pediatric intensive care units, and emergency room),
and to increase overall accessibility and usability of the
guideline. Through an iterative process with platelet
experts, QI experts, and hospital wide stakeholders, the
clinical pathway was developed and made available in
October 2019. It is accessible in several locations,
including the electronic medical record and the Clinical
Pathways mobile and desktop application present on
every hospital computer. Clinicians can access this path-
way easily when making decisions about platelet
transfusions.

Data collection and measures

A retrospective chart review was performed from January
2017 to December 2018 to obtain baseline data on rate and
indications of platelet transfusions. To do this, a complete
list of all platelet transfusions administered in the NICU was
obtained from the Blood Bank and patient charts were
reviewed to determine the platelet count at time of trans-
fusion and the indication. We then prospectively collected
the same data for 12 months after project start. We obtained
census, demographic data, and data on bleeding events from
the medical record.

The primary outcome was the number of platelet
transfusions that did not meet the new guideline criteria
(i.e., non-indicated transfusions) per month. Secondary
outcomes included the percentage of patients who received
a non-indicated platelet transfusion, the rate of non-
indicated transfusions per 100 NICU admissions, and the
total number of platelet transfusions (both indicated and
non-indicated). As a balancing measure, the rate of major
bleeding was compared in the pre- and post-guideline
periods. Major bleeding was defined as any grade of ICH,
pulmonary hemorrhage, upper gastrointestinal bleeding,
rectal bleeding, adrenal hemorrhage, or non-specified
hemorrhages. Data on major bleeding were obtained
from the medical records. ICHs that occurred prior to
admission to our hospital and remained stable during the
hospitalization were excluded.

Statistical analysis

We used statistical process control (SPC) charts to analyze
our measures over time and determine whether significant
changes occurred with our interventions [19]. SQCpack
software was used to create SPC charts for QI analysis. For
the demographic data, Wilcoxon rank-sum and chi-squared
tests were used to determine whether differences between
pre-intervention and post-intervention populations existed.
The percentages of non-indicated transfusions pre- and
post-intervention were compared by logistic regression, and
the rates per month and per admission were compared by
Poisson regression.

Ethics

This project was identified by the Boston Children’s Hos-
pital Institutional Review Board as a quality improvement
project and was therefore exempt. This manuscript was
written using the SQUIRE guidelines [20].

Results

During the study period, 438 platelet transfusions were
administered to 105 neonates. All transfused platelet units
were leukoreduced and irradiated, but not pathogen
reduced. There were no significant differences in demo-
graphic characteristics of the population before and after
guideline implementation (Table 2). Most infants were
≥37 weeks’ gestation with birth weight >2500 grams. No
differences in the rates of sepsis, necrotizing enterocolitis,
thrombosis, or overall mortality were found. The number of
non-indicated platelet transfusions per month decreased
from a mean of 7.3 before to 1.6 after guideline imple-
mentation, with significant special cause variation on
c-chart SPC analysis (Fig. 2A), and also with significance in
pre- versus post-intervention analysis, p < 0.0001 (Table 3).
The percentage of transfusions that were non-indicated
significantly decreased from 49 to 24% after project start
(p= 0.0001) (Table 3). The percentage of neonates per 100
admissions who received one or more non-indicated platelet
transfusions decreased from 4.4% pre-guideline to 1.7%
post-guideline, p < 0.001 (Table 3). The rate of non-
indicated platelet transfusions per 100 patient admissions
also decreased from 12.5 to 2.9 (Fig. 2B), p < 0.0001
(Table 3). When examining the total number of transfusions
(indicated and non-indicated), we also found a significant
reduction from 15.5 to 6.6 platelet transfusions per month,
p < 0.0001 (Table 3). Analysis of balancing measures
showed that rates of major bleeding, including ICH,
remained stable over time (Table 4). A full description of
patients who developed or had progression of ICH during
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Table 2 Characteristics of
infants admitted to the NICU
during each period of the
project.

Characteristics Pre-guideline (January
2017–December 2018)

Post-guideline (January
2019–December 2019)

pa

Admissions

Number 1388 678

Per month, median (range) 58.5 (43–70) 57.5 (48–68) 0.55

Sex, n (%)

Male 777 (56.0) 402 (59.3) 0.16

Female 611 (44.0) 276 (40.7)

Gestational age at birth, completed
weeks: median (range)

37 (22–42) 37 (22–42) 0.63

Gestational age at birth, completed weeks, n (%)

<25 63 (4.5) 25 (3.7) 0.46

25–29 129 (9.3) 60 (8.9)

30–34 220 (15.9) 128 (18.9)

35–36 209 (15.1) 97 (14.3)

≥37 767 (55.3) 368 (54.3)

Birth weight, g: median (range) 2780 (369–5202) 2750 (415–4730) 0.98

PMA at admission, completed weeks:
median (range)

40 (23–78) 40 (24–70) 0.40

PMA at admission, completed weeks, n (%)

<25 6 (0.4) 1 (0.1) 0.42

25–29 40 (2.9) 25 (3.7)

30–34 106 (7.6) 63 (9.3)

35–36 104 (7.5) 52 (7.7)

≥37 1132 (81.6) 537 (79.2)

Postnatal age on admission, d: median
(range)

12 (0–302) 12 (0–256) 0.90

Length of stay, d: median (range) 5 (0–256) 5 (0–173) 0.58

Surgical diagnosis, n (%) 357 (25.7) 165 (24.3) 0.50

Sepsis, n (%) 62 (4.5) 33 (4.9) 0.68

NEC, n (%) 40 (2.9) 16 (2.4) 0.49

Thrombosis, n (%) 26 (1.9) 13 (1.9) 0.94

Death, n (%) 44 (3.2) 19 (2.8) 0.65

PMA post-menstrual age.
aContinuous distributions compared by Wilcoxon rank-sum test. Discrete distributions compared by chi-
squared test, with corroboration from Fisher exact test.

Fig. 2 Significant decreases in non-indicated platelet transfusions
after project start on SPC analysis. Special cause variation shows
significant change. A Decreased number of non-indicated platelet
transfusions/month after project start from 7.3 to 1.6 on SPC C-chart

analysis. B Rate of non-indicated transfusions per 100 patient admis-
sions decreased from 12.5 to 2.9 after project start on U-chart analysis.
For both A and B, the rule used to determine special cause variation
was 8 or more points below the centerline.
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their hospitalization in our unit is provided (Supplementary
Table 1).

Discussion

The creation and implementation of a restrictive neonatal
platelet transfusion guideline resulted in a rapid and
significant decrease in the number of non-indicated

transfusions in our tertiary and quaternary NICU. We also
showed a significant reduction in total number of platelet
transfusions administered despite no significant change in
unit admissions, demographics, or disease burden, sug-
gesting it was attributable to practice change. The number
of non-indicated platelet transfusions declined quickly after
guideline implementation, suggesting that education alone
was enough to change practice. We attribute this to multiple
factors. First, educating providers on the evidence that

Table 3 Outcome and process
measures.

Pre-guideline
(2017–2018)

Post-
guideline (2019)

Ratio,
Post: Pre

p

Months 24 12

Admissions 1407 666

Transfusions 359 79 0.33a 0.0001

Indicated 183 (51%) 60 (76%)

Non-indicated 176 (49%) 19 (24%)

Transfusions per month 15.0 ± 0.8b 6.6 ± 0.7 0.44c <0.0001

Indicated 7.6 ± 0.6 5.0 ± 0.6 0.66 0.005

Non-indicated 7.3 ± 0.6 1.6 ± 0.4 0.22 <0.0001

Transfusions per 100 admissions 25.5 ± 1.4 11.9 ± 1.3 0.46 <0.0001

Indicated 13.0 ± 1.0 9.0 ± 1.2 0.69 0.01

Non-indicated 12.5 ± 0.9 2.9 ± 0.7 0.23 <0.0001

Patients with non-indicated
transfusion

62 11

Per month 2.6 ± 0.3 0.9 ± 0.3 0.35 0.002

Per 100 admissions 4.4 ± 0.6 1.7 ± 0.5 0.37 0.003

aOdds ratio (OR) for non-indicated transfusion, from logistic regression. p tests H0: OR= 1.
bRate ± standard error, from Poisson regression.
cRate ratio (RR) from Poisson regression. p tests H0: RR= 1.

Table 4 Balancing measure:
incidence of major bleeding,
per site.

n (%) pa

Pre-intervention January
2017–December 2018

Post-intervention January
2019–December 2019

Admissions 1388 687

Intracranial
hemorrhage, total

22 (1.6) 9 (1.3) 0.65

Grade I IVH 13 (0.9) 7 (1.0)

Grade II IVH 3 (0.2) 1 (0.1)

Grade III IVH 2 (0.1) 0 (0.0)

Intraparenchymal 4 (0.3) 1 (0.1)

Other bleeding, total 107 (7.7) 37 (5.5) 0.06

Pulmonary hemorrhage 7 (0.5) 1 (0.1)

Upper GI bleeding 7 (0.5) 3 (0.4)

Rectal bleeding 4 (0.3) 2 (0.3)

Adrenal hemorrhage 1 (0.1) 1 (0.1)

Non-specified
hemorrhage

88 (6.3) 30 (4.4)

aTotals compared by chi-squared test, corroborated by Fisher exact test.
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liberal prophylactic platelet transfusions do not decrease a
neonate’s bleeding risk helped reduce platelet transfusions
administered in hopes of preventing bleeding. Second, the
high-quality evidence from the PlaNet-2 trial showing that
liberal platelet transfusion practices increased neonatal
mortality motivated providers to seek out practice change
and resulted in rapid and widespread acceptance of the new
restrictive guideline.

After guideline launch, interventions included extensive
staff education and development of an accessible electro-
nic clinical pathway. Monthly data collection was key to
the project’s success by allowing identification of clinical
scenarios that needed additional thought and/or clarifica-
tion. Key footnotes were added to the clinical pathway to
specify recommendations based on common questions,
including defining minor bleeding, clarifying recommen-
dations for non-bleeding patients with coagulopathy, and
providing recommendations for actively anticoagulated
neonates. We also noted an increase in documentation
of both the platelet transfusion threshold and the reason
for a platelet transfusion during the study period, sug-
gesting both increased awareness of and adherence to the
guideline. Consistent with our expectations at the time
of guideline development, the biggest reduction in non-
indicated platelet transfusions came from withholding
transfusions in non-bleeding, critically ill neonates with
platelet counts between 25 and 50 × 109/L, who were
historically transfused at the higher threshold of 50 × 109/L
due to their severity of illness. In agreement with previous
trial data, despite the decrease in platelet transfusion
thresholds and decrease in non-indicated platelet transfu-
sions, we did not see a change in the incidence of major
bleeding, including ICH.

Our project has some limitations. First, our imple-
mentation interventions may not be generalizable to NICUs
that care for a different patient mix (i.e., nonsurgical cases
or primarily inborn premature infants) or those where more
restrictive platelet transfusion practices are already in place.
Our relatively older neonatal population with a lower
number of infants at highest risk of ICH (ELBW infants
<72 h old) may have made practice change easier. However,
our guideline was not designed with our specific unit’s
population in mind, but rather with the intention to serve as
a template for more restrictive transfusion approaches
applicable to typical NICU patients. In NICUs with differ-
ent patient populations, additional interventions and PDSA
cycles may need to be tailored to specific unit culture and
context to change practice.

In a young field such as neonatology there are inherently
many unanswered clinical questions and new research will
continue to challenge accepted practice to improve the care of
this vulnerable population. There is a growing understanding
that, in addition to their well-known hemostatic functions,

platelets play important roles in the regulation of immune
responses, inflammation, and angiogenesis [21, 22], and it is
possible that some of the effects of platelet transfusions are
mediated by their non-hemostatic functions. With a better
understanding of the diverse functions of platelets and the
findings of PlaNeT-2, it has become increasingly evident that
platelet transfusions may have harmful effects in neonates,
and that platelet transfusion decisions in this population
should be done judiciously. While researchers work to elu-
cidate the biology underlying these findings, it is our job as
neonatologists to critically evaluate and review new evidence
and to change practices based on the best available data.
Education and adherence to evidence-based guidelines will
likely result in a reduction in unnecessary platelet transfusions
and improved outcomes.

Conclusion

Through a quality improvement framework, implementation
of a neonatal platelet transfusion guideline reduced non-
indicated platelet transfusions without a change in major
bleeding. High impact evidence was swiftly translated into
direct clinical change to improve patient care. PDSA cycles
focused on multidisciplinary education, fostering of buy-in
and improving accessibility via clinical pathway creation
led to successful practice change. This work is generalizable
to similar inpatient settings to reduce unnecessary and
potentially harmful platelet transfusions.
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