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Abstract

Background: A restrictive red blood cell (RBC) transfusion guideline was established in 2019 in a neonatal intensive care
unit (NICU), suggesting a hemoglobin concentration threshold of 7 g/dL.

Objectives: (a) To determine its impact on the number of RBC transfusions and donor exposure; (b) to characterize RBC-
transfusion determinants and justifications.

Study Design: Single-center retrospective historical control study comparing all neonates consecutively admitted to the
NICU during two five-month periods: 401 patients in 2013 before and 402 patients in 202| after restrictive guideline
implementation. Possible determinants were assessed via logistic regressions and justifications via a questionnaire.

Results: In 2021, 9.2% of neonates received at least one RBC transfusion compared to 13.5% in 2013 (p = .075). Adherence
to protocol thresholds was 50%. Implementation of a restrictive transfusion protocol had some impact on determinants
related to neonatal morbidity and illness severity and some impact on justifications being mainly based on hemoglobin value.
Conclusion: Our study demonstrates that the implementation of a restrictive RBC transfusion protocol tended to decrease
transfusion rates and donor exposure in the NICU, but the trend was not statistically significant. Future work should focus
on improving protocol adherence.
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Introduction opposed to more liberal thresholds, did not elevate the risk of
death or neurodevelopmental issues after approximately two
years of corrected age.’

The primary objective of the study was to determine the
impact of the implementation of a local restrictive hemoglo-
bin thresholds guideline on the number of RBC transfusions
and donor exposure in the NICU of CHU Sainte-Justine. The
secondary objectives were comparing the determinants and
justifications behind RBC transfusions in neonatology before
and after the protocol was introduced. We hypothesized that
implementing these guidelines would lead to a reduction in
RBC transfusions among neonates admitted to the NICU.

Premature newborns rank among the most frequent recipients
of transfusions, with as many as 90% of babies weighing less
than 1,000 g needing at least one red blood cell (RBC) trans-
fusion while in the Neonatal intensive care unit (NICU).! In
2013, a study carried out among the NICU patients at the
Centre Hospitalier Universitaire (CHU) Sainte-Justine exam-
ined the patterns and influential factors related to RBC trans-
fusions in critically ill newborns. This study revealed a
significant disparity in transfusion approaches among neona-
tologists.2 The potential misuse or abuse of blood transfu-
sions, possibly stemming from unclear guidelines, may put at
risk vulnerable newborns, exposing them to potential adverse
events or reactions from transfusions, often without clear
benefits.3* Following these results and based on literature  Université de Montréal, Montréal, Quebec, Canada

suggesting that RBC transfusions in neonates might be asso-  *Montreal Children’s Hospital, McGill University Health Center, Montreal,
ciated with worse outcomes for mortality and morbidity,>$  Quebec, Canada

the NICU of CHU Sainte-Justine established local restrictive 12;%"IS::::;:;Z”:I;";;i:ia?g::t:efz‘:::da

RBC transfusion thresholds in 2019. Moreover, recent ran- Corresponding al.;thor" ’ '

domized controlled trials have backed this local approach, Lily Chartrand, Université.de Montréal, Montréal, Quebec H3T )4,
demonstrating that employing conservative blood transfusion  canada.

strategies for newborns weighing less than 1,000 g, as  E-mail: lily.chartrand@umontreal.ca
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Methods
Design

Every patient admitted to the CHU Sainte-Justine NICU
between January 18 and June 22, 2021, was included in this
historical control study, with the sole exclusion criterion being
the use of extracorporeal membrane oxygenation. The com-
parison cohort was gathered over a five-month duration in
2013 from the same NICU. Information for both the pre- and
post-intervention groups was gathered prospectively. Approval
for this study was granted by the Research Ethics Board of the
Sainte-Justine Hospital, which waived the need for consent.

Setting

The NICU of CHU Sainte-Justine in Montreal, Canada, is a
tertiary care (level 3B) and serves as a tertiary care (level 3B)
university-affiliated center dedicated to mother-child health.

It admits around 1,000 patients annually with a capacity of 65
beds.

RBC Transfusions and Local Practice

Attending clinicians hold the authority to make decisions
concerning blood product transfusions. All blood products,
sourced from the Héma-Québec blood bank, underwent leu-
koreduction via pre-storage filtration. Neonates weighing
<1,200 g received gamma-irradiated products. Further pro-
cessing, such as washing, was determined by the medical
team’s discretion. The recommended volume for RBC trans-
fusion stood at 15 mL/kg.

Generation and Application of the Protocol

In 2019, a team of neonatologists and providers in neonatal
care collaborated to develop the local transfusion protocol.
This protocol was formulated by drawing upon existing lit-
erature and consolidating the consensus among local experts
in the field. Prior to 2019, there were no local RBC transfu-
sion guidelines. The local RBC transfusion thresholds imple-
mented in April 2019 were:

* 1 week post-natal (days 1-7): hemoglobin threshold =

100 g/L.

* 2 weeks post-natal (days 8—14): hemoglobin threshold
=85 g/L.

* >3 weeks post-natal (>15 days): hemoglobin threshold
=75 g/L.

The hospital’s neonatology division ensured the widespread
distribution of the protocol. It was shared with all team mem-
bers, including fellows and nurses, not just once but repeat-
edly, particularly for new staff members. Additionally, the
guidelines were accessible on the hospital’s secure protocols
website for easy reference. Presentations were given to the
department describing the new guidelines.

We considered that compliance with the protocol was ade-
quate if the RBC transfusion was prescribed according to the

protocol thresholds. The compliance rate was determined by
dividing the number of RBC transfusions administered within
the recommended protocol threshold by the total number of
RBC transfusions given.

Data Collection

Data abstraction and entry were conducted using a validated
case report form. Baseline patient characteristics were gath-
ered at admission to the NICU, marked as time zero for each
individual. For patients who received transfusions, daily
monitoring of potential factors influencing RBC transfusions
began at admission (time zero) and concluded upon their first
transfusion. For those who didn’t receive transfusions, daily
monitoring ceased at either patient discharge, death, or when
they reached 44 weeks of corrected age, whichever came
first. Upon admission, validated scores, including the Clinical
Risk Index for Babies (CRIB)-II score, were recorded to
assess the severity of illness in NICU patients! and the Score
for Neonatal Acute Physiology Perinatal Extension
(SNAPPE)-IL!!

Determinants of RBC Transfusions

In the 2013 prospective cohort study, a compilation of poten-
tial factors influencing RBC transfusions in neonates was uti-
lized. This comprehensive list originated from a review of
literature and insights from local experts in transfusion medi-
cine and neonatology. It encompasses patients’ baseline char-
acteristics along with information collected from their
admission day and throughout their stay. The same list was
used in 2021 to allow for a direct comparison of RBC transfu-
sion determinants among both cohorts.

Justifications of RBC Transfusions

Within 48 hours of each initial RBC transfusion, the justifica-
tions behind these transfusions were documented using an
online validated questionnaire developed based on consensus
among local experts (refer to supplemental information). This
standardized questionnaire, identical in both 2013 and 2021
studies, facilitated a direct comparison. The clinician respon-
sible for requesting the transfusion could select one or multi-
ple justifications from a predefined list and arrange them
based on their relevance.

Statistical Analysis

Descriptive statistics included the number and proportion of
patients (%) and mean + standard deviation (SD). To compare
the 2013 and 2021 cohorts, the Fisher exact test evaluated
categorical variables, while the Student ¢-test examined con-
tinuous variables. For potential determinants distinguishing
transfused from non-transfused patients, univariate analysis
was employed. Logistic regression and odds ratios with a
95% confidence interval were utilized. Continuous variables
were stratified into categories based on clinically significant
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thresholds or quartiles for analysis. All statistical assessments
were conducted using SPSS statistical software version 26,
with a significance level set at 5%.

Results

Baseline Characteristics

A total of 402 infants consecutively admitted to the NICU
were included during the five-month study period. None
were excluded. Neonates in this cohort were born with a

Table I. Baseline Characteristics of Cohorts in 2013 and 2021.

mean gestational age (GA) £+ SD of 34.9 + 4.2 weeks and
birth weight (BW) of 2.5 + 1.0 kg. Table 1 summarizes the
demographic data of the 2013 and 2021 cohorts. Both
cohorts shared similarities, yet notable statistical differ-
ences emerged. Specifically, these variances were observed
in the mean BW + SD (2.3 + 1.0 kg in 2013 compared
to 2.5+ 1.0 kg in 2021; p = .039) and the proportion of bac-
terial infection as the admission diagnosis (74/401 (18.5%)
in 2013 vs. 41/402 (11.0%) in 2021; p < .001). BW was
deemed clinically similar between cohorts and the statistical
difference was attributed to the sample size. In Table 2,

All Patients 2013 N =401 (%) All Patients 2021 N = 402 (%) p Value
Male sex 209 (52.0%) 223 (55.6%) 322
Birth weight (kg) (mean * SD) 23+ 1.0 25+1.0 .039
GA at birth (weeks) (mean + SD) 344+ 45 349+ 42 .086
Admission from .081
Pediatric or post-natal ward 7 (1.7%) 16 (4.0%)
Delivery room 270 (67.3%) 280 (70.4%)
Transfer from another hospital 120 (29.9%) 99 (24.9%)
Other 4 (1.0%) 3 (0.8%)
Diagnosis on admission
Respiratory disease 245 (61.1%) 236 (59.1%) 613
Prematurity 221 (55.4%) 208 (52.05%) 357
Bacterial infection 74 (18.5%) 44 (11.0%) <.001
Congenital anomaly (non-cardiac) 47 (11.7%) 49 (12.3%) .828
Congenital cardiac disease 47 (11.7%) 41 (10.3%) 572
Intra-uterine growth restriction 46 (11.5%) 58 (14.5%) .208
Seizures 13 (3.2%) 7 (1.8%) 257
Hypoxic-ischemic encephalopathy 10 (2.5%) 13 (3.3%) .535
Hydrops fetalis 8 (2.0%) 2 (0.5%) .107
Hemolytic disease of the newborn 6 (1.5%) 4 (1.0%) .752
Necrotizing enterocolitis 1 (0.2%) 1 (0.2%) .624
Hypovolemic shock 3 (0.8%) 0 (0.0%) 249
Septic shock 1 (0.2%) 0 (0.0%) 1.000
Hemorrhagic shock 1 (0.2%) 0 (0.0%) 1.000
Cardiogenic shock 2 (0.5%) 0 (0.0%) 499
Congenital viral infection 3 (0.8%) 2 (0.5%) 1.000

Notes: SD: Standard deviation; GA: Gestational age.
b Values were obtained using the Fisher exact test for categorical variables.

Student t-test for continuous variables.
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Table 2. Baseline Characteristics of pRBC-transfused Neonates in 2013 Versus 2021.

Transfused 2013 N =54/401 (3.5%) Transfused 2021 N =37/402 (9.2%) p Value

Male sex 22 (41.0%) 18 (46.8%) .522
Birth weight (kg) (mean + SD) 1.5+ 1.1 1411 452
GA at birth (weeks) (mean % SD) 296 +5.2 287 £ 5.7 468
GA subgroups, n (%) 482
>28 weeks 23 (42.6%) 22 (59.5)

28-30 weeks 12 (22.2%) 5 (13.5%)

31-33 weeks 4 (7.4%) 1 (2.7%)

34-37 weeks 9 (16.7%) 4 (10.8%)

>37 weeks 6 (11.1%) 5 (13.5%)

Admission from, n (%) 484
Pediatric or post-natal ward 0 (0.0%) 0 (0.0%)

Delivery room 36 (66.7%) 28 (75.7%)

Transfer from another hospital 18 (33.3%) 9 (24.3%)

Diagnosis on admission, n (%)

Respiratory disease 44 (81.5%) 20 (52.1%) .006
Prematurity 42 (77.8%) 30 (81.1%) 796
Bacterial infection 20 (37.0%) 4 (10.8%) .007
Congenital anomaly (non-cardiac) 8 (14.8%) 3 (8.1%) 515
Congenital cardiac disease 2 (3.7%) 2 (5.4%) 1.000
Intra-uterine growth restriction 9 (16.7%) 4 (10.8%) .549
Seizures 1 (1.9%) 0 (0.0%) 1.000
Hypoxic-ischemic encephalopathy 2 (3.7%) 1 (2.7%) 1.000
Hydrops fetalis 2 (3.7%) 1 (2.7%) 1.000
Hemolytic disease of the newborn 5(9.3%) 1 (2.7%) .395
Necrotizing enterocolitis I (1.9%) 0 (0.0%) 1.000
Hypovolemic shock I (1.9%) 0 (0.0%) 1.000
Septic shock 1 (1.9%) 0 (0.0%) 1.000
Hemorrhagic shock 0 (0.0%) 0 (0.0%) -
Cardiogenic shock I (1.9%) 0 (0.0%) 1.000
Congenital viral infection I (1.9%) 0 (0.0%) 1.000

Note: SD: standard deviation; GA: gestational age; pRBC: packed RBC unit; RBC: red blood cell.

RBC-transfused patients from both cohorts were compared.
These cohorts had statistically significant differences in the
proportions of admission diagnoses of respiratory disease

(44/54 (81.5%) in 2013 vs. 20/37 (52.1%) in 2021; p = .006)
and bacterial infection (20/54 (37.0%) in 2013 vs. 4/37

(10.8%) in 2021; p = .007).
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RBC Transfusion Data

Table 3 presents a comparison of transfusion data from the
two cohorts. In 2021, at least one RBC transfusion was
given to 37/402 patients (9.2%) during their stay in 2021,
while in 2013, 54/402 patients (13.5%) (p = .075)received
an RBC transfusion. Among transfused patients, 16/402
(43.2%) received a single transfusion in 2021 compared to
15/401 (27.8%) in 2013 (p = .079). 2/402 (5.4%) transfused
patients received 5 or more RBC transfusions in 2021 com-
pared to 16/401 (29.6%) in 2013 (p = .079). 20/402 trans-
fused patients (54.1%) were exposed to a single donor in
2021 compared to 38/401 (70.4%) in the comparison group
(p=.412).

The mean hemoglobin nadir within 24 hours before the
first transfusion was similar between the two cohorts: 91.42 +
18.21 g/L in 2013 versus 90.7 = 21.1 g/L in 2021 (p = .878).
The after-protocol cohort shares similar RBC transfusion
rates and characteristics compared to the 2013 transfusion
protocol cohort (Table 3).

Protocol Adhesion

The proportion of RBC transfusions given in concordance
with the established protocol was 50% in the 2021 cohort.

Determinants of RBC Transfusions

Table 4 presents the determinants of RBC transfusions in the
2021 cohort. Characteristics that predicted RBC transfusions

in the 2021 cohort are listed in Table 5. Determinants of RBC
transfusions in 2013 are listed in Table 6.

Justifications of RBC Transfusions

Table 7 presents the primary reasons for requesting the first
RBC transfusion within the 2021 cohort. The most commonly
cited justifications included low hemoglobin levels (80.6%),
underlying illness (30.6%), and the severity of illness
(19.4%). The most frequent underlying illness of transfused
patients was “extreme prematurity.” Suspicion of hemolytic
disease, sepsis, and hypoxic-ischemic encephalopathy were
the other illnesses that justified ordering transfusions. Among
the 54 transfusions within the 2013 cohort, the primary rea-
sons cited for prescribing transfusions were a low concentra-
tion of hemoglobin (81.1%), perceived underlying severity of
illness (62.3%), and the goal to enhance oxygen delivery
(52.3%). The stated justifications to prescribe a transfusion
even though the hemoglobin counts were above hemoglobin
thresholds in the protocol were: low hemoglobin (n = 12),
underlying disease (hemolytic anemia and twin-twin transfu-
sion syndrome) (n = 2), disease severity (n = 1), hemody-
namic instability (n = 1), apnea and/or bradycardia (n = 1),
post-operative state (# = 1) and removal of veinous umbilical
cord catheter (n = 1).

Discussion

In this single-center study, a prospective historical control
design was employed to compare two consecutive groups of

Table 3. Comparison in pRBC Transfusions Between the 2013 and 2021 Cohorts.

2013 2021 p Value
Total transfused in pRBC N =54 (13.5%) N =37 (9.2%) .075
Number of platelet transfusions per transfused patient .079
| transfusion 15 (27.8%) 16 (43.2%)
2 transfusions 12 (22.2%) 10 (27.0%)
3 transfusions 6 (11.1%) 6 (16.2%)
4 transfusions 4 (7.4%) 3 (8.1%)
>5 transfusions 16 (29.6%) 2 (5.4%)
Exposure: number of donors per transfused patient 412
| donor 38 (70.4%) 20 (54.1%)
2 donors Il (20.4%) 14 (37.8%)
3 donors 3 (5.6%) 2 (5.4%)
> 4 donors 1 (1.9%) I (2.7%)
Hb nadir within 24 hours before first transfusion (g/L)
Mean + SD 89.77 £ 21.67 90.7 +21.08 .831
Minimum—maximum 45-88 62-86

Note: pRBC: packed red blood cells: hemoglobin; SD: standard deviation.
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Table 5. Determinants of pRBC Transfusions in 2021.

Transfused N = 37 (%) Not transfused N = 364' (%) OR (95%Cl) p Value
Clinical data on the first day in NICU
GA < 28 weeks 22 (59.5%) 7 (1.9%) 76.923 (2.273-250.000)  <.001
GA 28-30 weeks 5 (13.5%) 22 (6.1%) 5.882 (1.493-20.833) 0l1
Weight < vs. > 1,500 g? 26 (70.3%)/11 (29.7%) 41 (11.4%)/320 (88.6%) 18.519 (8.475-50.000) <.001
CRIB-Il score 2 10 21 (80.8%) 3 (12.0%) 43.478 (7.937-250.000)  <.001
SNAPPE-II score > 24 19 (61.3%) 54 (20.1%) 9.804 (3.472-27.778) <.001
Mechanical ventilation/no 24 (64.9%)/13 (35.1%) 56 (15.6%)/304 (84.4%) 10.000 (4.808-20.833) <.001
mechanical ventilation
Non-invasive ventilation/no NIV 11 (29.7%)/26 (70.3%) 203 (56.2%)/158 (43.8%) 0.329 (0.158-0.687) .003
Laboratory data on the first day in NICU
Lowest Hb <150 g/L? 26 (70.3%) 61 (19.9%) 18.182 (4.184-83.333) <.001
Lowest Hb I51-174 g/L 9 (24.3%) 77 (25.1%) 0.199 (0.042-0.949) .043
Lowest platelet count < vs. > |50 20 (55.6%)/16 (44.4%) 82 (26.8%)/224 (73.2%) 3.413 (1.689-6.897) .001
x 107 platelets/L
Variables during entire NICU stay (after the day of admission)
Lowest Hb < 96 g/L 26 (72.2%) 39 (12.1%) 71.429 (16.949- <.001

333.333)

Lowest Hb 97-130 g/L 8 (22.2%) 60 (18.7%) 14.706 (3.058-71.429) .001
Lowest platelet count < vs. > |50 20 (55.6%)/16 (44.4%) 91 (28.6%)/227 (71.4%) 3.115 (1.548-6.289) .001
x 10 platelets/L
IVH grade 1-2 9 (28.1%) 6 (1.7%) 23.810 (8.813-71.429) <.001
IVH grade 3—4 2 (6.3%) 3 (0.9%) 10.638 (1.684-66.667) 012
Necrotizing enterocolitis yes/no 4 (11.1%)/32 (88.9%) 4 (1.1%)/349 (98.9%) 10.870 (2.604—45.455) .001
Sepsis yes/no 4 (11.1%)/32 (88.9%) 3 (0.08%)/356 (99.2%) 14.925 (3.185-71.429) .001

Notes: OR: odds ratio; Cl: confidence interval; NICU: neonatal intensive care unit; GA: gestational age at birth; Hb: hemoglobin; IVH: intraventricular

hemorrhage.
'N =399 due to missing data for two non-transfused patients.

2Due to missing data, the total N for this subcategory = 399).

3For the lowest hemoglobin on the first day in NICU and during NICU stay, the same quartiles were used as in the 2013 cohort to simply comparisons.
In the 2013 study, the third and fourth quartiles during the NICU stay were merged to allow for OR calculation, as there were no patients in the fourth

quartile.

neonates admitted to the same NICU over distinct five-month
periods. The comparison was between the period preceding
and the period following the implementation of a restrictive
RBC transfusion protocol. The study demonstrated that the
implementation of restrictive RBC transfusion thresholds did
not significantly decrease transfusion rates, nor did it find a
significant decrease in transfusions and donor exposure per
transfused patient. However, we observed a low protocol
adherence rate of 50% which limits the potential impact of
the protocol. The determinants of RBC transfusion are similar
between the two cohorts. The introduction of a more

restrictive transfusion protocol influenced the reasons given
by clinicians for administering RBC transfusions.

Our study reports similar transfusion rates and Hb nadir
values before the first transfusion between the two cohorts.
Both cohorts share comparable baseline characteristics. An
exception was a significantly lower bacterial infection rate as
a diagnosis of admission in the 2021 cohort compared to the
2013 cohort. The transfusion rates could be influenced by the
association between sepsis and RBC transfusions in neo-
nates.!? There is scant data regarding transfusion practices in
the NICU involving neonates of all GA. However, a cohort
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Table 6. Determinants of pRBC Transfusions in 2013.

Transfused N =54 (%) Not transfused N = 348 (%) Odds ratio (95%Cl) p Value
Clinical data on the first day in NICU
GA < 28 weeks 23 (42.6%) 14 (4.0%) 320 (11.1; 92.1) <.001
GA 28-30 weeks 12 (22.2%) 31 (8.9%) 7.5 (2.6; 21.7) .0002
Weight < vs. > 1500 g? 34 (63.0%)/20 (37.0%) 60 (17.2%)/283 (81.3%) 8.0 (4.3; 14.9) <.001
CRIB-Il score > 10 20 (37.0%) 4 (1.1%) 35.0 (7.8; 156.9) <.0001
CRIB-Il score 8-9 9 (16.7%) I (3.2%) 5.7 (1.5; 22.5) .0125
SNAPPE-II score > 24 38 (70.3%) 54 (85.9%) 73.9 (9.9; 552.9) <.0001
SNAPPE-II score |1-23 7 (13.0%) 83 (23.9%) 9.0 (1.1; 74.3) .0421
Mechanical ventilation/no 49 (90.7%)/5 (9.3%) 180 (51.7%)/168 (48.2%) 9.1 (3.6; 23.5) <.0001
mechanical ventilation
Laboratory data on the first day in NICU
Lowest Hb < 150 g/L3 29 (53.7%) 55 (15.8%) 14.3 (4.2; 49.3) <.0001
Lowest Hb I51-174 g/L Il (20.3%) 75 (21.6%) 4.0 (1.1; 14.9) .0385
Lowest platelet count < vs. 24 (44.4%)/27 (50.0%) 73 (21.0%)/217 (62.4%) 2.6 (1.4, 4.9) .0018
> 150 x 10° platelets/L
Lowest pH </> 7.2 17 (31.5%)/32 (59.3%) 45 (12.9%)/220 (63.2%) 2.6 (1.3;5.1) .0052
Base excess >/< —10 47 (87.0%)/7 (13.0%) 334 (96.0%)/13 (3.7%) 3.3(1.3;86) .0089
Variables during entire NICU stay (after the day of admission)
Lowest Hb < 96 g/L 39 (7.2%) 51 (14.6%) 72.3 (16.9; 309.4) <.0001
Lowest Hb 97-130 g/L 12 (2.2%) 91 (26.1%) 12.5 (2.7; 56.8) .0011
Lowest platelet count < vs. > 46 (85.2%) 95 (27.3%)/234 (67.2%) 14.2 (6.4; 31.1) <.0001
150 x 107 platelets/L
Sepsis yes/no 5 (9.3%)/48 (88.9%) 9 (2.6%)/338 (97.1%) 3.9 (1.3; 12.2) .0184

Notes: Cl: confidence interval; CRIB: Clinical risk Index for Babies; NICU: neonatal intensive care unit; OR: odds ratio; SD: standard deviation; SNAPPE:

Score for Neonatal Acute Physiology Perinatal Extension.

study conducted in our NICU in 2013 determined that the
prevalence of transfusions in neonates of GA < 30 weeks was
43.7%.2 In a study conducted in Canada, the reported rate of
RBC transfusions in this specific patient population was
56%.13 Our lower transfusion rate suggests that our initial
practice was already quite restrictive. Several studies have
contrasted RBC transfusion methods and outcomes in NICUs,
examining the impacts of restrictive versus liberal transfusion
protocols. One such study demonstrated that adopting a more
conservative protocol resulted in a decrease in RBC transfu-
sions among preterm neonates. The prevalence of these
infants receiving a blood transfusion dropped from 37.5% to
32.7% (p = .040).14 The absence of statistical significance
between the two cohorts of our study could also be explained
by a limited sample size. Additionally, patient protocol com-
pliance was 50%, lower than in similar studies. The TOP trial

reports an adherence rate of 77% in its low hemoglobin
threshold cohort!> while the ETTNO trial reports an adher-
ence rate of 81% to the restrictive protocol.” Among the 18
transfusions prescribed outside the protocol’s recommenda-
tion in our study, most clinicians exerted clinical judgment
while aware of their deviation from the guidelines. Six were
given due to the velocity of decrease of hemoglobin and two
were given with a declining hemoglobin value superior to the
threshold to benefit from the peripherally inserted central
catheter line before its removal the following day. Four trans-
fusions were given based on hemoglobin values obtained
from arterial blood gas. Choosing not to add a complete blood
count to laboratory studies to determine the value of hemo-
globin contributes to reducing iatrogenic blood loss. A study
found that the combined iatrogenic blood losses throughout
the hospital stay for very low BW neonates were a key
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Table 7. |ustifications for the First pRBC Transfusion in NICU Patients Before (2013) and After (2021) the Implementation of a

Restrictive Transfusion Protocol.

2021 (n = 36?) 2013 (n=53b)
Ordering clinician
Neonatologist 15 (41.7%) 11 (20.8%)
Resident or fellow 6 (16.7%) 32 (60.4%)
Neonatal nurse practitioner 15 (41.7%) 10 (18.9%)
Stated justificationsc
Low hemoglobin level 29 (80.6%) 43 (81.1%)

Underlying illness I'1(30.6%) 33 (62.3%)
lliness severity 7 (19.4%) 23 (43.4%)
High oxygen level requirement 4 (11.1%) 7 (13.2%)
To improve oxygen delivery 4 (11.1%) 28 (52.8%)
Hemolytic disease 3 (8.3%) 3 (5.7%)
Active bleeding 2 (5.6%) 14 (26.4%)
Apneas and/or bradycardia | (2.8%) 10 (18.9%)
Hemodynamic instability | (2.8%) 14 (26.4%)
Post-surgical state | (2.8%) 8 (15.1%)
Exchange transfusion 0 (0.0%) I (1.9%)
Cyanotic cardiac disease 0 (0.0%) 2 (3.8%)
Hypovolemia 0 (0.0%) 9 (17.0%)
High blood lactate level 0 (0.0%) 4 (7.6%)
Planned surgery 0 (0.0%) 5 (9.4%)
Severe infection 0 (0.0%) 3 (5.7%)
Other 3 (8.3%) 10 (18.9%)

Notes: 2N = 36 as | questionnaire missing.
5N =53 as | questionnaire missing.

Each transfusion has one or more justifications.

predictor for requiring RBC transfusions.!¢ Limiting blood
sampling should contribute to reducing RBC transfusions.
One way to decrease the number of blood samples would be
to use hemoglobin measurement not only done in the hema-
tology laboratory but also on blood gases, which is consid-
ered reliable by some authors.!” In our study, if we add
hemoglobin measured in the hematology laboratory and on
blood gas analyses, our protocol adherence rate would be
66%. Protocol deviations could be attributed to factors like
unawareness of the protocol’s existence or its location, poten-
tially influenced by the frequent rotation of residents and fel-
lows within the NICU. The use of computer programs to
order transfusions in the pediatric population has proven to
increase adherence rates. A study conducted in the pediatric

NICU found that employing an electronic order entry system
for RBC transfusion enhanced protocol adherence.'$ A multi-
center study demonstrated that introducing an electronic
transfusion ordering and monitoring system in the NICU
increased compliance to transfusion guidelines from 65% to
90%.1?

The two cohorts shared similar determinants of RBC
transfusion. Lowest blood pH <7.2 and base excess level
<—10 were no longer determinants in 2021. This shift could
translate the prescription of RBC transfusion based more on
the hemoglobin concentration rather than on perfusion and
oxygenation markers. In 2021, both the CRIB-II and
SNAPPE-II scores on admission showed a tendency toward
increased RBC transfusions with higher scores. A low
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hemoglobin nadir value was associated with an increase in
transfusion risk in both cohorts but was significant at a lower
value in 2021 than in 2013. These findings could indicate a
tendency toward more restrictive transfusion practices as
neonates with higher scores of predicted mortality and lower
hemoglobin values had an increased transfusion risk com-
pared to the transfusion practice before the implementation of
the protocol. IVH was not a determinant of RBC transfusion
in 2013 while neonates under the restrictive protocol in 2021
suffering from IVH were more likely to receive a transfusion.
With the velocity of hemoglobin decrease being an important
consideration in the decision to transfuse a neonate, a low
hemoglobin value could be anticipated sooner in patients suf-
fering from IVH, thus, increasing the risk of RBC transfu-
sion. In 2021, patients suffering from necrotizing enterocolitis
(NEC) had a higher probability of receiving a transfusion. In
2013, NEC could not be analyzed as a potential determinant
since there were only six cases of NEC in the cohort and all
of them were transfused. A study conducted among VLBW
infants determined that the likelihood of receiving one or
more transfusions increased in infants suffering from NEC.20
In a prospective cohort study involving preterm VLBW
infants in Brazil, a multiple logistic regression model identi-
fied several factors significantly linked to RBC transfusions.
These factors were GA, SNAPPE-II score, occurrences of
apnea and pulmonary hemorrhage, oxygen requirement at 28
days of life, instances of clinical sepsis and NEC, severe IVH,
mechanical ventilation, use of an umbilical catheter, reliance
on parenteral nutrition, and hospitalization for more than 60
days.!? In a Brazilian study, NEC among VLBW infants, GA
and SNAP score,® lower initial hemoglobin concentration,
male sex, and low BW20 were reported as determinants for the
need for RBC transfusion. The duration of mechanical venti-
lation used as an indicator of illness severity, was highlighted
as an independent factor linked to a higher probability of
requiring a transfusion.?? Our study’s determinants of RBC
transfusions are similar to the results reported in the
literature.

The two most common justifications stated by clinicians
for RBC transfusions (hemoglobin value and underlying dis-
ease) were identical between the two cohorts. The implemen-
tation of the restrictive protocol shifted clinical practices to
have hemoglobin values as the main consideration when
transfusing NICU patients compared to oxygenation and per-
fusion markers as well as hemodynamic state being important
justifications in 2013. To our knowledge, no other study has
taken interest in the clinician-stated-justifications of RBC
transfusions in the NICU population.

This study’s strengths lie in its prospective design, which
reduces the potential for information bias, and its approach of
universal inclusion of consecutively admitted patients, limit-
ing selection bias and improving overall generalizability. The
study took place in the same NICU in similar timeframes,
employing identical case report forms and questionnaires,
ensuring high comparability between settings and cohorts.

Additionally, the NICU represents a typical North American
multidisciplinary unit, caring for both preterm and term surgi-
cal and medical patients, thus increasing its generalizability.

The study’s external validity was constrained due to its
single-center design. Physicians were conscious that their
transfusion practices were under observation during the
research, which could have impacted their approach.
Additionally, the reasons provided for transfusions might
have been influenced by the format of the multiple-choice
questionnaire. Protocol adhesion was mediocre, limiting the
potential impact of the implementation of the restrictive pro-
tocol. Although the study was conducted in the same NICU,
potential changes in practices during the eight-year gap
between the two cohorts such as the routine use of delayed
cord clamping which has not been accounted in our variables.
Furthermore, the difference in patients admitted with a diag-
nosis of sepsis between both cohorts indicates a possible con-
founding variable.

Conclusion

Our study demonstrates that the implementation of a restric-
tive RBC transfusion protocol did decrease transfusion rates
and donor exposure in the NICU, but the trend was not statis-
tically significant. The implemented thresholds modestly
impacted the transfusion determinants and justifications.
Nonetheless, the discrepancies between both cohorts demon-
strate a shift in transfusion practices based more importantly
in Hb values than perfusion and oxygenation as well as RBC
transfusions being more likely to be given to sicker neonates
with higher predicted mortality scores and lower hemoglobin
values. The interpretation of our results needs to consider the
poor protocol adherence rate which limits the potential impact
of the protocol. Future efforts should focus on additional edu-
cation to reinforce guideline adherence through presenta-
tions, workshops, clinical audits, and electronic transfusion
ordering systems to contribute to optimizing blood product
use in a vulnerable population.
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