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IMPORTANCE Red blood cell transfusions are commonly administered to infants weighing less
than 1000 g at birth. Evidence-based transfusion thresholds have not been established.
Previous studies have suggested higher rates of cognitive impairment with restrictive
transfusion thresholds.

OBJECTIVE To compare the effect of liberal vs restrictive red blood cell transfusion strategies
on death or disability.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted in 36 level III/IV
neonatal intensive care units in Europe among 1013 infants with birth weights of 400 g to
999 g at less than 72 hours after birth; enrollment took place between July 14, 2011, and
November 14, 2014, and follow-up was completed by January 15, 2018.

INTERVENTIONS Infants were randomly assigned to liberal (n = 492) or restrictive (n = 521)
red blood cell transfusion thresholds based on infants’ postnatal age and current health state.

MAIN OUTCOME AND MEASURES The primary outcome, measured at 24 months of corrected
age, was death or disability, defined as any of cognitive deficit, cerebral palsy, or severe visual
or hearing impairment. Secondary outcome measures included individual components of the
primary outcome, complications of prematurity, and growth.

RESULTS Among 1013 patients who were randomized (median gestational age at birth, 26.3
[interquartile range {IQR}, 24.9-27.6] weeks; 509 [50.2%] females), 928 (91.6%) completed
the trial. Among infants in the liberal vs restrictive transfusion thresholds groups,
respectively, incidence of any transfusion was 400/492 (81.3%) vs 315/521 (60.5%); median
volume transfused was 40 mL (IQR, 16-73 mL ) vs 19 mL (IQR, 0-46 mL); and weekly mean
hematocrit was 3 percentage points higher with liberal thresholds. The primary outcome was
not significantly different between groups, nor were the secondary outcomes of death,
cognitive deficit, or cerebral palsy. In the liberal vs restrictive thresholds groups, respectively,
necrotizing enterocolitis requiring surgical intervention occurred in 20/492 (4.1%) vs 28/518
(5.4%); bronchopulmonary dysplasia occurred in 130/458 (28.4%) vs 126/485 (26.0%); and
treatment for retinopathy of prematurity was required in 41/472 (8.7%) vs 38/492 (7.7%).
Growth at follow-up was also not significantly different between groups.

Outcomes

No./total (%) Absolute
difference, %
(95% CI)

Odds ratio
(95% CI)

P
value

Liberal
threshold

Restrictive
threshold

Death or neurodevelop-
mental impairment
by 24 mo

200/450
(44.4)

205/478
(42.9)

1.6 (−4.8 to 7.9) 1.05 (0.80-1.39) .72

Death by 24 mo 38/460 (8.3) 44/491 (9.0) −0.7 (−4.3 to 2.9) 0.91 (0.58-1.45) .70

Cognitive deficit 154/410
(37.6)

148/430
(34.4)

3.1 (−3.3 to 9.6) 1.12 (0.83-1.51) .47

Cerebral palsy 18/419 (4.3) 25/443 (5.6) −1.3 (−4.2 to 1.5) 0.75 (0.40-1.40) .37

CONCLUSIONS AND RELEVANCE Among infants with birth weights of less than 1000 g, a strategy
of liberal blood transfusions compared with restrictive transfusions did not reduce the
likelihood of death or disability at 24 months of corrected age.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01393496
JAMA. 2020;324(6):560-570. doi:10.1001/jama.2020.10690
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I t has been estimated that between 1990 and 2016, the over-
all burden from prematurity-related morbidity, including
brain injury, measured as years lived with disability, had

the largest increase among all common causes of disability.1

Extremely low-birth-weight (ELBW) infants, ie, those with
birth weights of less than 1000 g, uniformly develop anemia
of prematurity, caused by developmentally regulated physi-
ological and nonphysiological, iatrogenic, and morbidity-
related factors, as reviewed by Widness.2 This anemia may re-
sult in impaired oxygen supply to the brain and prematurity-
related brain injury, especially in combination with apnea and
intermittent hypoxemia or circulatory insufficiency during a
period of rapid brain growth and development. Because of this
concern, 50% to 80% of ELBW infants studied in 2006-2007
received 1 or more red blood cell transfusions (RBCTs) during
their initial hospitalization.3,4 However, RBCTs can have
complications,5 and in preterm infants, RBCTs have been as-
sociated with intraventricular hemorrhage,6,7 necrotizing
enterocolitis,6,8,9 bronchopulmonary dysplasia,3,10 retinopa-
thy of prematurity,11,12 and death.4

Restricting RBCTs to hemoglobin levels of less than 7 g/dL
reduced rates of transfusion-related complications, ap-
peared to be safe in short-term studies in pediatric intensive
care,13 and was associated with improved survival in younger
adults and those with lower severity of illness.14

However, post hoc analyses of the largest randomized trial
on transfusion thresholds in ELBW infants to date, the
Canadian Premature in Need of Transfusion (PINT) study, sug-
gested that cognitive impairment may be more common with
restrictive transfusion thresholds.15

Consequently, the Effects of Transfusion Thresholds on
Neurocognitive Outcomes of Extremely Low-Birth-Weight In-
fants (ETTNO) trial was conducted in ELBW infants to investi-
gate the effects of liberal vs restrictive RBCT strategies on sur-
vival and neurocognitive outcome at 24 months of corrected age.

Methods
Trial Design and Oversight
This multicenter, outcome assessor–blinded, parallel-group
randomized superiority trial of liberal vs restrictive RBCT strat-
egies was conducted at 36 centers in Europe in compliance with
international harmonized guidelines on good clinical prac-
tice and the German Pharmaceutical Act. The trial was ap-
proved by the German Federal Authority (Paul Ehrlich Insti-
tute), the leading Ethics Committee Tübingen, and all ethics
committees responsible for participating institutions. After pro-
vision of oral and written information, written informed con-
sent was obtained from parents before enrollment. The study
protocol is available in Supplement 1.

An independent data and safety monitoring committee su-
pervised the trial after 100, 300, 500, and 700 randomized pa-
tients were discharged from the hospitals.

Patients
The only inclusion criterion was a birth weight of 400 g to
999 g. Exclusion criteria were gestational age at birth greater

than 29 weeks, 6 days; major anomalies (eg, chromosomal
anomalies, cyanotic heart defects, syndromes affecting long-
term outcome) or malformations requiring surgical correc-
tion during the neonatal period; participation in studies pre-
cluding participation in this trial; lack of viability; or comfort
care. For multiple pregnancies, only the eligible neonate who
was delivered first was enrolled.

Randomization and Masking
Within 72 hours after birth, infants were randomly assigned
to 1 of 2 parallel treatment groups. Randomization was strati-
fied by center and birth weight (400-749 g and 750-999 g).
The random sequence was computer generated with variable
block size (2-10) using the software RandList version 2.1
(DatInf) by personnel not otherwise involved in the study.
Allocation concealment was ensured using sequentially
numbered, sealed, opaque envelopes. Caregivers were not
blinded to treatment, but outcome assessors (pediatric neu-
rologists, psychologists, ophthalmologists, etc) were not
aware of treatment group.

Trial Procedures
In both treatment groups, the RBCT hematocrit trigger thresh-
olds prescribed by the study protocol from randomization to
discharge home (or transfer) depended on the infants’ post-
natal age and current state of health (critical vs noncritical),
and exceptions to these guidelines were permitted (but not
obligatory) only in case of major surgery and a few other emer-
gencies (Table 1; eTable 1 in Supplement 2).

If an indication was met, a dose of 20 mL/kg of standard
whole blood–derived, leukocyte-depleted erythrocyte con-
centrate was administered per RBCT in both treatment groups.
Selection, labeling, and handling of erythrocyte concentrate
was according to centers’ practices and had to meet national
guidelines and regulations. In 1394 (64%) of 2162 RBCTs, blood
cells had been irradiated.

Administration of erythropoietin was prohibited. Stan-
dardization of delayed cord clamping/umbilical cord milk-
ing, prerandomization RBCT thresholds, and iron, protein, vi-
tamin B12, and folic acid supplementation were recommended
as described in the study protocol (Supplement 1).

Key Points
Question Do liberal vs restrictive transfusion strategies in
extremely low-birth-weight infants improve survival and
neurodevelopmental outcome at 24 months of corrected age?

Findings In this randomized clinical trial that included 1013 infants
with birth weights less than 1000 g, a strategy of liberal blood
transfusions compared with restrictive blood transfusions resulted
in a composite outcome of death or disability at 24 months of
corrected age in 44.4% vs 42.9%, respectively, a difference that
was not statistically significant.

Meaning Among extremely low-birth-weight infants, a liberal
blood transfusion strategy did not reduce the likelihood of death
or disability at 24 months compared with a restrictive strategy.
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Outcomes
The primary outcome measure was the incidence of death or
neurodevelopmental impairment by 24 (±1) months of cor-
rected age. Neurodevelopmental impairment was defined as
any of the following: (1) cognitive deficit, defined as a Mental
Developmental Index (MDI) score on the Bayley Scales of
Infant Development Second Edition (Bayley 2) of less than
85, a Bayley 2 cognitive raw score below the lower margin of
the MDI, inability to be tested because of severe impairment,
another cognitive test (eg, Bayley Third Edition) score of
more than 1 SD below the mean, or assessment by the child’s
pediatrician indicating cognitive deficit; (2) cerebral palsy,
defined according to the Surveillance of Cerebral Palsy in
Europe network16,17; or (3) severe visual or hearing impair-
ment, defined as best corrected visual acuity of less than
6/60 and/or need for hearing aid or cochlear implant. Pres-
ence of a single component indicating neurodevelopmental
impairment was sufficient for the diagnosis. If information
on 1 or more component was missing, while none of the other
components indicated neurodevelopmental impairment, the
latter was considered incomplete/nonassessable. Application
of the Bayley Scales was required to be done by trained
examiners. Scores on both the MDI and the Psychomotor
Development Index (PDI) of the Bayley Scales are standard-
ized to a mean of 100 and a standard deviation of 15, with a
range from 50 to 150.

Secondary outcome measures were the individual com-
ponents of the composite primary outcome, the incidence
of cognitive deficit (defined as an MDI score less than 70),
the MDI score, and the PDI score. Further secondary end
points were measures of growth at discharge and follow-up,
length of hospital stay, and the time intervals from birth to
final discontinuation of positive pressure respiratory sup-
port, respiratory stimulant (methylxanthine) therapy, and
gavage feeding.

Further end points were Gross Motor Function Classifica-
tion System score and incidence of all major complications of
prematurity (ie, bronchopulmonary dysplasia, retinopathy of
prematurity, necrotizing enterocolitis, intestinal perforation,

brain injury on cranial ultrasound, patent ductus arteriosus
requiring therapy, and nosocomial infections) as defined in
the study protocol (Supplement 1).

Adverse events were reported spontaneously according to
guidelines on good clinical practice or recorded systemati-
cally (complications of prematurity).

Sample size calculations were based on χ2 tests with 80%
power, a 2-sided α = .05 significance level, and rates for the
primary outcome estimated from the PINT trial15 of 109/213
(51%; liberal threshold group) vs 126/208 (61%; restrictive
threshold group), as described in more detail in the eAppen-
dix in Supplement 2. Three hundred ninety patients in each
group were required to demonstrate a difference based on
the assumption of an absolute risk reduction of 10 percentage
points. The assumed rate for loss to follow-up through 24
months was secondarily adjusted from 15% to 20% (amend-
ment to the protocol in 2014 based on information from the
German Neonatal Network). Consequently, the trial needed
to enroll 980 infants to ascertain data on the primary out-
come in 780 infants.

Statistical Analysis
The analysis of the primary outcome in the population of all
randomized patients was performed according to random-
ized treatment group assignment by logistic regression with
the factors of treatment, center, and birth weight stratum to
test the null hypothesis of equal proportions in the 2 treat-
ment groups. The assumption of no outliers in standardized
residuals was assessed graphically (eFigure 1 in Supple-
ment 2). In a prespecified sensitivity analysis, the primary
outcome was analyzed in the population of all randomized
patients using a worst-case scenario in which all missing
2-year outcomes were counted as death or neurodevelop-
mental impairment.

Secondary outcome variables were compared between
treatment groups by logistic regression (binary) and by analy-
sis of variance (quantitative) because these were approxi-
mately normally distributed using the factors of treatment,
center, and birth weight stratum (if iterations converged;

Table 1. Red Blood Cell Transfusion Hematocrit Trigger Thresholds

Postnatal age

Red blood cell transfusion threshold, %a

Liberal Restrictive

Critical health state Noncritical health state Critical health state Noncritical health state
From randomization to 7 d after birthb <41 <35 <34 <28

8-21 d <37 <31 <30 <24

>21 d <34 <28 <27 <21
a In both treatment groups, the red blood cell transfusion trigger thresholds

were applied from randomization to discharge home (or transfer). Trigger
thresholds also depended on current state of health; critical was defined as an
infant having at least 1 of the following criteria: invasive mechanical
ventilation, continuous positive airway pressure with fraction of inspired
oxygen >0.25 for >12 hours per 24 hours, treatment for patent ductus
arteriosus, acute sepsis or necrotizing enterocolitis with circulatory failure
requiring inotropic/vasopressor support, >6 nurse-documented apneas
requiring intervention per 24 hours, or >4 intermittent hypoxemic episodes
with pulse oximetry oxygen saturation <60%. Exceptions from these
guidelines were permitted (but not obligatory) in case of major surgery, major
hemorrhage (estimated blood loss >10% of an infant’s blood volume),

unexplained lactic acidosis (arterial lactate >4 mmol/L), and unforeseen
emergencies. Trigger thresholds in 34 centers were strictly based on venous or
arterial hematocrit values only (obtained predominantly from complete blood
cell counts and rarely from centrifuged hematocrit capillaries). Four centers
(36 patients) used hemoglobin trigger thresholds, with hemoglobin
concentrations also determined by co-oximetry/photometry from capillary
blood samples; see eTable 1 in the Supplement for the corresponding
hemoglobin trigger thresholds applied in these centers.

b From randomization to 7 days after birth does not include the full 7 days
depending on the time point of randomization.

Research Original Investigation Effects of Liberal vs Restrictive Transfusion Thresholds on Outcomes in Extremely Low-Birth-Weight Infants

562 JAMA August 11, 2020 Volume 324, Number 6 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Toronto Libraries User  on 08/18/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.10690?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10690
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.10690?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10690
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.10690?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10690
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.10690?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10690
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10690


otherwise, reduced models were fitted). Post hoc, risk differ-
ences with 95% confidence intervals were calculated for bi-
nary primary and secondary outcome variables without ad-
justment for center and birth weight because perinatal
characteristics were similar in both groups and sample sizes
per center were small.

Analyses of secondary outcomes as well as prespecified
sensitivity and subgroup analyses were performed in all ran-
domized patients according to their randomly allocated treat-
ment group. Predefined subgroup analyses of the primary out-
come variable, cerebral palsy, and the MDI score were
performed for males vs females, lower vs higher birth weight
strata, and lower vs higher pulse oximetry oxygen saturation
target range (by center standard). Post hoc analyses for differ-
ences in treatment effects between subgroups were per-
formed by the Breslow-Day test. A predefined per-protocol
analysis was performed for all randomized infants who did not

violate inclusion/exclusion criteria and underwent transfu-
sion according to protocol from randomization until dis-
charge home (in whom all RBCTs were according to trigger
thresholds or exceptional indications, and all hematocrit mea-
surements below trigger thresholds were followed by RBCT
within 2 days).

All tests were 2-sided at a significance level of P = .05. Be-
cause of the potential for type I error due to multiple compari-
sons, findings of the analyses of secondary end points should
be interpreted as exploratory.

It was decided post hoc, but before data analysis, to ana-
lyze and report on RBCT only until 36 weeks of postmen-
strual age because of very small/nonrepresentative numbers
beyond that date (eTable 2 in Supplement 2). Rates of cogni-
tive deficit according to mode of classification were descrip-
tively compared post hoc between treatment groups. Also
post hoc, the German Neonatal Network database was

Figure 1. Flow of Participants in the Effects of Transfusion Thresholds on Neurocognitive Outcomes of
Extremely Low-Birth-Weight Infants (ETTNO) Trial

2891 Patients assessed for eligibility

1878 Excluded

739 Parents approached but declined to participate

698 Met exclusion criteriaa

274 Parents not approachedb

158 Birth weight not 400-999 g

2 Consent received too late for enrollment
1 Consent lost; unable to renewe

6 Reason for noninclusion insufficiently
documented

237 Not the first infant born in a multiple birth

118 Insufficient staff/missedc

97 Parents unavailable/distressed
or language barrier

42 Born outside study hospital and admitted
at >72 h

7 Gestational age at birth <23 wk 0 dd

4 Expected to be transferred to
another facility

8 Other

170 Died before inclusion/not viable/
comfort care

138 Enrolled in another study
125 Gestational age at birth >29 wk 6 d
96 Congenital malformations

1013 Randomizedf

521 Randomized to restrictive transfusion threshold
505 Treated as randomized until discharge
16 Not treated as randomized

9 Other RBCT triggers due to severe illness
3 Other RBCT triggers following transfer
3 Consent withdrawn before discharge
1 Other RBCT triggers after reaching term age

492 Randomized to liberal transfusion threshold
486 Treated as randomized until discharge

6 Not treated as randomized
3 Other RBCT triggers due to severe illness
3 Other RBCT triggers following transfer

478 Included in primary outcome analysis
43 Excluded (follow-up incomplete)

450 Included in primary outcome analysis
42 Excluded (follow-up incomplete)

478 Had complete follow-up for primary outcome
43 Follow-up incomplete

22 Lost to follow-up
13 Incomplete follow-up for primary outcome
6 Consent withdrawn before discharge
2 Consent withdrawn after discharge

450 Had complete follow-up for primary outcome
42 Follow-up incomplete

27 Lost to follow-up
10 Incomplete follow-up for primary outcome
4 Consent withdrawn before discharge
1 Consent withdrawn after discharge

RBCT indicates red blood cell
transfusion.
a More than 1 reason was possible.
b More than 1 reason was possible.

Because investigators’ decisions not
to approach parents could have
introduced selection bias (eg, by
preventing the sickest infants to
enter this study), the study
population was compared with the
cohort of the German Neonatal
Network database and no indication
of selection bias was found
(eTable 3 in Supplement 2).

c “Missed” indicates not approached
despite being eligible; reason not
known.

d Gestational age at birth <23 weeks
was not a predefined exclusion
criterion, but some centers opted
not to include these infants. Ten
infants with gestational age at birth
<23 weeks are listed under various
other exclusion criteria.

e According to the investigator at the
site, the parents provided consent,
but during on-site monitoring (after
discharge), no signed consent form
was found, and investigators were
unable to locate the family to renew
the consent.

f Randomization was stratified by
center and birth weight stratum
(400-749 g and 750-999 g).
Stratification by 36 centers and
variable block size (2-10) accounted
for the difference in the number of
enrolled infants between treatment
groups.
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searched for ELBW infants born during the recruitment
period of this trial for comparison of gestational age at birth
to exclude a selection bias (eTable 3 in Supplement 2).

Statistical analyses were performed using SAS version 9.4
(SAS Institute Inc).

Results
Between July 14, 2011, and November 14, 2014, a total of 1013
infants (median gestational age at birth, 26.3 [interquartile
range, 24.9-27.6] weeks; 509 [50.2%] females) were enrolled
into the study; 492 were randomized to liberal thresholds and
521 to restrictive thresholds (Figure 1). Of these infants, 977
(96.4%) were enrolled in 32 level III/IV neonatal intensive care
units (NICUs) in Germany, 30 (3.0%) in 2 NICUs in Denmark,
5 (0.5%) in 1 NICU in the Czech Republic, and 1 (0.1%) in Esto-

nia. The median number of infants with birth weights of less
than 1500 g admitted to these NICUs was 90 (interquartile
range, 66-112) per year during the preceding 5 years. The num-
ber of infants each site contributed to the study is provided in
eTable 4 in Supplement 2.

The last follow-up examination was scheduled in April
2017; however, the last child’s pediatrician follow-up exami-
nation occurred on January 15, 2018.

Infants were similar between treatment groups regarding
perinatal risk factors and baseline characteristics (Table 2;
eTable 5 in Supplement 2).

In 10 infants (4 in the liberal threshold group; 6 in the re-
strictive threshold group), consent was withdrawn before 36
weeks of postmenstrual age. Nineteen infants (6 in the liberal
threshold group; 13 in the restrictive threshold group) were
withdrawn from their assigned treatment group before dis-
charge home: 12 (3 in the liberal threshold group; 9 in the re-
strictive threshold group) by the treating physician because of
severe illness (of these, 8 infants died), 6 (3 in each group) af-
ter transfer to hospitals not following the assigned guide-
lines, and 1 (restrictive threshold group) after reaching 40 weeks
of postmenstrual age (Figure 1).

Seventy-nine percent of infants (391/492) in the liberal
threshold group and 60% (311/521) in the restrictive thresh-
old group received at least 1 RBCT between randomization and
36 weeks of postmenstrual age (eTable 2 in Supplement 2).
There was a large difference in the number of RBCTs admin-
istered (Figure 2) between treatment groups, and the cumu-
lative volumes transfused through 36 weeks of postmen-
strual age were higher in the liberal threshold group than in
the restrictive threshold group (median, 40 mL [interquartile
range, 16-73 mL] vs 19 mL [interquartile range, 0-46 mL]).
Weekly mean hematocrit values were 3 percentage points
higher in the liberal threshold group (Figure 2; eTable 6 in
Supplement 2).

Primary Outcome
The primary outcome of death or neurodevelopmental im-
pairment at 24 months of corrected age was ascertained in 450
patients (91.5%) and 478 patients (91.7%) in the liberal and re-
strictive threshold groups, respectively. In the liberal and re-
strictive threshold groups, respectively, primary outcome data
were missing in 5 and 8 infants due to withdrawn consent; 27
and 22 infants were lost to follow-up, and in 10 and 13, neu-
rodevelopmental impairment was not assessable due to miss-
ing component data (Figure 1). The rates of death or neurode-
velopmental impairment were 44.4% vs 42.9%, for a risk
difference of 1.6% (95% CI, −4.8% to +7.9%) and an odds ratio
of 1.05 (95% CI, 0.80-1.39; P = .72) adjusted for center and birth
weight stratum (Table 3). Standardized residual plots are pro-
vided in eFigure 1 and results of the Hosmer-Lemeshow good-
ness-of-fit test and contingency coefficient c are provided in
eTable 7 in Supplement 2.

Secondary Outcomes
There were no statistically significant differences between
treatment groups in rates of components of the primary out-
come or incidence of cognitive deficit (defined as MDI score

Table 2. Patient and Maternal Characteristics, Details of Delivery,
and Prerandomization Transfusions

Characteristics

Liberal transfusion
threshold
(n = 492)a

Restrictive
transfusion
threshold
(n = 521)a

Gestational age at birth,
median (IQR), wk

26.1 (24.9-27.6) 26.4 (25.0-27.6)

Birth weight, median (IQR), g 745 (636-900) 750 (630-890)

Birth weight stratum, g, No. (%)

<750 250 (51) 255 (49)

≥750 242 (49) 266 (51)

Head circumference at birth,
median (IQR), cm

23.0 (22.0-24.5)
[n = 486]

23.0 (22.0-24.5)
[n = 514]

Sex, No. (%)

Female 246 (50) 263 (50)

Male 246 (50) 258 (50)

Singleton, No. (%) 405 (82) 407 (78)

Age at randomization,
mean (SD), d

2.5 (0.7) 2.5 (0.7)

Maternal age at delivery,
mean (SD), y

30.9 (5.8)
[n = 491]

31.2 (5.9) [n = 520]

Any antenatal corticosteroids,
No./total (%)

432/484 (89) 451/515 (88)

No. of completed courses
of antenatal corticosteroids,
median (IQR)

1 (0-2) [n = 484] 1 (0-2) [n = 515]

Cesarean delivery, No./total (%) 441/492 (90) 456/520 (88)

Delayed cord clamping,
No./total (%)

308/492 (63) 319/519 (61)

Intubated at birth, No. (%) 254 (52) 264 (51)

RBCTs prior to randomization

Any RBCT before
randomization, No. (%)

121 (25) 123 (24)

No. of RBCTs before
randomization, No. (%)

0 371 (75) 398 (76)

1 95 (19) 94 (18)

2 16 (3) 26 (5)

3 8 (2) 2 (0.4)

4 2 (0.4) 1 (0.2)

Abbreviations: IQR, interquartile range; RBCT, red blood cell transfusion.
a Denominators are as specified in column heads unless otherwise indicated.
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<70), the MDI score, the PDI score, length of hospital stay, or
time intervals from birth to final discontinuation of invasive
respiratory support, positive pressure respiratory support, re-
spiratory stimulant therapy, and gavage feeding (Table 3).

A total of 38 (8.3%) of 460 infants followed up through 24
months died in the liberal threshold group vs 44 (9.0%) of 491
in the restrictive threshold group (risk difference, −0.7% [95%
CI, −4.3% to 2.9%]; odds ratio, 0.91 [95% CI, 0.58-1.45]; P = .70).
Postnatal age at death (eFigure 2 in Supplement 2) and causes
of death (eTable 8 in Supplement 2) were similar in both groups.

Weight, head circumference, and length at 36 weeks of
postmenstrual age and at follow-up were also not signifi-
cantly different between groups, except for weight at 36 weeks
of postmenstrual age, which was higher in the liberal thresh-
old group (mean, 2113 g [SD, 356 g] vs 2068 g [SD, 361 g]; dif-
ference in least-square means, 44 g [95% CI, 3-85 g]; P = .04)
(eTable 9 in Supplement 2).

The rates of common complications of prematurity such
as necrotizing enterocolitis, bronchopulmonary dysplasia, and
retinopathy of prematurity and other serious adverse events
were not significantly different between treatment groups
(Table 4).

Rates of cognitive deficit according to mode of classifica-
tion, analyzed post hoc, were not significantly different be-
tween groups (eTable 10 in Supplement 2).

Sensitivity, Per-Protocol, and Subgroup Analyses
Sensitivity analysis for the primary outcome in the popula-
tion of all randomized patients showed rates of 242/492
(49.2%) vs 248/521 (47.6%) in the liberal vs restrictive thresh-
old groups, with a risk difference of 1.6% (95% CI, −4.6% to
7.7%), consistent with the primary analysis (eTable 11 in
Supplement 2).

Twenty-two infants were erroneously included (4 of
whom met exclusion criteria). Red blood cell transfusion
was missed (ie, no RBCT was done within 48 hours of a
hematocrit below the assigned threshold) in 65 infants in
the liberal threshold group and 5 infants in the restrictive
threshold group. One hundred ninety-seven non–protocol-
justified RBCTs occurred in 47 infants in the liberal thresh-
old group (34 in the lower and 13 in the higher birth weight
strata) and in 97 infants in the restrictive threshold group
(70 in the lower and 27 in the higher birth weight strata). In
95 of 197 non–protocol-justified RBCTs, pre-RBCT hemato-
crit was no more than 2 percentage points higher than the
assigned threshold. After exclusion of these 232 infants (211
infants with complete primary outcome data), results of the
per-protocol analysis with respect to the primary outcome
and all secondary outcomes remained unchanged (eTable 12
in Supplement 2). eFigure 3 in Supplement 2 shows the
hematocrit values in the per-protocol population.

Figure 2. Treatment Effect on Hematocrit and Number of Red Blood Cell Transfusions (RBCTs)
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Weekly mean hematocrit values (limited to hematocrit values documented until
36 weeks of postmenstrual age and truncated when less than 20% of the
population remained, ie, at 11 weeks of postnatal age). Week 1A refers to the
days of the first week of postnatal age up to randomization and week 1B refers
to the days of the first week of postnatal age after randomization. Hematocrit
values were derived from clinically indicated complete blood cell counts
(or, rarely, from centrifuged hematocrit capillaries), documented as observed.
Hematocrit values of 36 patients at 4 centers were at least in part estimated
from hemoglobin concentrations. For each week, a mean value of all

documented hematocrit values was calculated, resulting in a weekly mean
hematocrit for each infant who had �1 hematocrit measurement in that week.
Boxes indicate interquartile ranges; bars inside the boxes, medians; circles
inside boxes, means; whiskers, highest and lowest values within 1.5 times the
interquartile range; and markers outside the boxes, outlying data. Weekly mean
hematocrit values are significantly different between the treatment groups
from week 1b through week 11. See eTable 6 in Supplement 2 for differences in
means; see eFigure 3 in Supplement 2 for weekly mean hematocrit values in the
per-protocol population.
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An additional 265 RBCTs not meeting trigger thresholds
were administered in the context of surgery (37 and 89), lac-
tic acidosis (18 and 40), bleeding (6 and 18), and other
unforeseen emergencies (32 and 88) in 34 and 66 infants in

the liberal and restrictive threshold groups, respectively
(eTable 2 in Supplement 2).

In predefined subgroup analyses, there were no statisti-
cally significant differences in treatment effects between

Table 3. Primary and Secondary End Points

End points
Liberal transfusion
threshold

Restrictive transfusion
threshold

Absolute difference, %
(95% CI)a

Odds ratio or adjusted
difference in least-square
means (95% CI)b P valuec

Primary end point

Death or neurodevelopmental
impairment by 24 mo,
No./total (%)d

200/450 (44.4) 205/478 (42.9) 1.6 (−4.8 to 7.9) 1.05 (0.80 to 1.39) .72

Secondary end points

Death by 24 mo, No./total (%) 38/460 (8.3) 44/491 (9.0) −0.7 (−4.3 to 2.9) 0.91 (0.58 to 1.45)e .70

Cognitive deficit, No./total (%)f 154/410 (37.6) 148/430 (34.4) 3.1 (−3.3 to 9.6) 1.12 (0.83 to 1.51) .47

Cognitive deficit defined
by Bayley 2 MDI score,
No./total (%)f

<85 143/378 (37.8) 139/387 (35.9) 1.9 (−4.9 to 8.8) 1.09 (0.81 to 1.46)e .58

<70 71/378 (18.8) 62/387 (16.0) 2.8 (−2.6 to 8.1) 1.21 (0.83 to 1.76)e .31

Bayley 2 MDI score, mean (SD)f 92.6 (16.5) [n = 336] 92.4 (17.5) [n = 360] 0.2 (−2.4 to 2.7) 0.4 (−2.1 to 2.9)g .75

Cerebral palsy, No./total (%) 18/419 (4.3) 25/443 (5.6) −1.3 (−4.2 to 1.5) 0.75 (0.40 to 1.40)e .37

Bayley 2 PDI score, mean (SD)f 89.3 (15.1) [n = 315] 89.2 (15.4) [n = 312] 0.0 (−2.4 to 2.4) 0.1 (−2.0 to 2.2)g .92

GMFCS score I-V, No./total (%)h 34/416 (8.2) 42/440 (9.5) −1.4 (−5.2 to 2.4) 0.84 (0.53 to 1.36)e .48

Severe visual impairment,
No./total (%)i

10/417 (2.4) 12/443 (2.7) −0.3 (−2.4 to 1.8) 0.88 (0.61 to 2.07)e .77

Severe hearing impairment,
No./total (%)j

4/418 (1.0) 6/443 (1.4) −0.4 (−1.8 to 1.0) 0.70 (0.20 to 2.51)e .59

Length of hospital stay,
mean (SD), d

93 (41) [n = 489] 92 (38) [n = 510] 0.7 (−4.2 to 5.6) −0.0 (−4.7 to 4.7)g 1.00

Duration of support, postnatal age,
mean (SD), dk

At end of invasive ventilatory
supportl

23 (28) [n = 298] 23 (26) [n = 321] 0.1 (−4.2 to 4.3) 0.0 (−4.1 to 4.1)g 1.00

At last positive pressure respiratory
supportl

53 (31) [n = 451] 53 (29) [n = 475] 0.5 (−3.3 to 4.6) −0.1 (−3.4 to 3.1)g .94

At last supplemental oxygen 52 (33) [n = 371] 50 (33) [n = 378] 2.7 (−2.1 to 7.4) 1.6 (−2.5 to 5.8)g .44

At last caffeine administration 69 (26) [n = 417] 70 (26) [n = 425] −1.0 (−4.6 to 2.5) −2.0 (−5.1 to 1.1)g .20

At end of gavage feeding 75 (25) [n = 422] 77 (27) [n = 441] −1.6 (−5.1 to 1.8) −2.6 (−5.5 to 0.4)g .09

Abbreviations: Bayley 2, Bayley Scales of Infant Development second edition;
GMFCS, Gross Motor Function Classification System; MDI, Mental
Developmental Index; PDI, Psychomotor Developmental Index.
a Absolute differences were calculated post hoc for binary and continuous end

points, without adjustment for center or birth weight stratum.
b Odds ratios were calculated by logistic regression with the factors of

treatment, center, and birth weight stratum (400-749 g or 750-999 g).
Standardized residuals as well as the results of the Hosmer-Lemeshow
goodness-of-fit test and contingency coefficient c are provided in eTable 7 in
the Supplement. Reduced models (with a factor of treatment only) were fitted
if iterations did not converge. Differences in least-square means were
calculated for continuous variables by analysis of variance with the factors of
treatment, center, and birth weight stratum (400-749 g or 750-999 g).
Normal probability plots are provided in eTable 7.

c P values were calculated by logistic regression for binary end points and by
analysis of variance for continuous end points.

d Neurodevelopmental impairment was defined as any of the following:
cognitive deficit defined as a Bayley 2 MDI score <85 or similar indications of
cognitive deficit, cerebral palsy, or severe visual or hearing impairment.

e Logistic regression with a factor of treatment only.
f Both the MDI and PDI scores are standardized to a mean of 100 (SD, 15) with a

range from 50 to 150. For cognitive deficit as a component of the primary
outcome, other cognitive assessments were taken into account if no Bayley

test was available, as described in the Methods section of the text. Data for the
rows with MDI scores <85 and <70 and PDI scores <85 are based on infants
with attempted Bayley 2 testing only (including infants whose raw scores were
so low that MDI/PDI was <50). Analyses of the MDI and PDI as continuous
variables are based on complete Bayley 2 data only.

g Adjusted difference in least-square means.
h GMFCS scores of I, II, III, IV, and V indicate increasing degrees of gross motor

function impairment, whereas 0 indicates that there is no deficit. GMFCS
score was defined as a “further end point,” not as a secondary end point, in the
study protocol. The presentation of the GMFCS data herein deviates from the
statistical analysis plan, which foresaw presentation as median (interquartile
range), due to the low rate of GMFCS scores >0.

i Defined as best corrected visual acuity <6/60.
j Defined as need for hearing aid or cochlear implant.
k Analyses of the duration of various forms of support are limited to infants who

received that therapeutic intervention (eg, 158 infants in the liberal threshold
group and 155 infants in the restrictive threshold group never received
invasive ventilatory support through an endotracheal tube, so duration of
invasive ventilation is reported in only 298 and 321 infants) and discontinued
the intervention before the day of discharge home.

l Because nonparametric analyses would not have enabled adjustment for
center and birth weight stratum, mean (SD) and results of analysis of variance
are reported.
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Table 4. Complications of Prematurity and Other Serious Adverse Events Documented After Randomization

Events

No./total (%)

Absolute difference, %
(95% CI)

Liberal transfusion
threshold (n = 492)

Restrictive
transfusion
threshold
(n = 521)

Any intraventricular/periventricular
hemorrhagea

117/492 (23.8) 113/521 (21.7) 2.1 (−3.1 to 7.3)

Intraventricular/periventricular
hemorrhage grade 3 or 4a

40/492 (8.1) 35/521 (6.7) 1.4 (−1.8 to 4.6)

Cystic periventricular leukomalaciab 23/492 (4.7) 30/521 (5.8) −1.1 (−3.8 to 1.7)

Bronchopulmonary dysplasiac 130/458 (28.4) 126/485 (26.0) 2.4 (−3.3 to 8.1)

Necrotizing enterocolitisd 26/492 (5.3) 32/518 (6.2) −0.9 (−3.8 to 2.0)

Surgical necrotizing enterocolitis 20/492 (4.1) 28/518 (5.4) −1.3 (−4.0 to 1.3)

Focal intestinal perforation 31/492 (6.3) 33/518 (6.4) −0.1 (−3.1 to 2.9)

Retinopathy of prematurity

Any 257/472 (54.5) 261/492 (53.1) 1.4 (−4.9 to 7.7)

Maximum stage ≥3 75/472 (15.9) 64/492 (13.0) 2.9 (−1.6 to 7.3)

Receiving therapy 41/472 (8.7) 38/492 (7.7) 1.0 (−2.5 to 4.4)

Patent ductus arteriosus

Any therapy 204/492 (41.5) 196/518 (37.8) 3.6 (−2.4 to 9.7)

Ligation/any therapy 51/204 (25.0) 52/196 (26.5) −1.5 (−10.1 to 7.0)

Culture-proven sepsis excluding
coagulase-negative staphylococcie

Any 59/492 (12.0) 61/518 (11.8) 0.2 (−3.8 to 4.2)

No. of episodes

0 433 (88.0) 457 (88.2)

1 50 (10.1) 51 (9.8)

2 6 (1.2) 8 (1.5)

3 3 (0.6) 2 (0.4)

Culture-proven sepsis
with coagulase-negative
staphylococcie

Any 54/492 (11.0) 62/518 (12.0) −1.0 (−4.9 to 2.9)

No. of episodes

0 438 (89.0) 456 (88.0)

1 48 (9.8) 57 (11.0)

2 5 (1.0) 5 (1.0)

>2 1 (0.2) 0

Clinical sepsise

Any 142/492 (28.9) 153/518 (29.5) −0.7 (−6.3 to 4.9)

No. of clinical sepsis episodes

0 350 (71.1) 365 (70.5)

1 98 (19.9) 112 (21.6)

2 32 (6.5) 27 (5.2)

3 9 (1.8) 9 (1.7)

>3 3 (0.6) 5 (1.0)

Pneumoniae

Any 30/492 (6.1) 32/518 (6.2) −0.1 (−3.0 to 2.9)

No. of pneumonia episodes

0 462 (93.9) 486 (93.8)

1 26 (5.3) 23 (4.4)

2 3 (0.6) 4 (0.8)

3 1 (0.2) 2 (0.4)

>3 0 3 (0.6)

No. of additional serious adverse eventsf 15 29

No. of potentially related serious
adverse eventsg

3 1

a Data on intraventricular/
periventricular hemorrhage include
findings already evolving before
randomization. Findings of
prerandomization head ultrasound
are shown in eTable 5 in the
Supplement.

b Data on cystic periventricular
leukomalacia include findings
already evolving before
randomization. Rates of cystic
periventricular leukomalacia at
baseline were 1 (0.2%) and 5 (1%) in
the liberal and restrictive threshold
groups, respectively.

c Bronchopulmonary dysplasia was
determined based on need for
positive pressure respiratory support
or supplemental oxygen at 36 weeks
of postmenstrual age, including a
room air test if indicated. The rates of
death before 36 weeks of
postmenstrual age precluding the
diagnosis by definition were 29 (6%)
and 30 (6%) in the liberal and
restrictive threshold groups,
respectively.

d Necrotizing enterocolitis was
diagnosed if criteria for modified
Bell stage �IIa were present.

e Blood culture–proven sepsis, clinical
sepsis, and pneumonia were
recorded according to the German
Nosocomial Infection Surveillance
System for Preterm Infants in
Neonatology Departments and ICU
Infection Surveillance (Neo-KISS)
criteria (https://www.nrz-hygiene.de/
en/surveillance/hospital-infection-
surveillance-system/neo-kiss/), with
data given for the number of
separate episodes of illness meeting
the diagnostic criteria.

f Additional serious adverse events
limited to those reported in >2 infants
included, in the liberal vs restrictive
threshold groups, respectively:
volvulus (n = 3 vs n = 4),
cytomegalovirus infection (n = 1 vs
n = 4), meningitis (n = 2 vs n = 4),
and renal failure (n = 1 vs n = 2).

g Four serious adverse events (1
necrotizing enterocolitis, 1
cytomegalovirus infection, and 2
sepsis) were considered by local
investigators to be possibly or
probably related to the assigned
threshold or a preceding red blood
cell transfusion (neither the
cytomegalovirus infection nor the
sepsis were microbiologically
proven to be related to the red
blood cell transfusion).
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birth weight strata (400-749 g vs 750-999 g), sex, and high
or low institutional pulse oximetry oxygen saturation target
range subgroups with regard to the primary end point, the
incidence of cerebral palsy, or the MDI score (eTables 13, 14,
and 15 in Supplement 2).

Post hoc comparison of gestational age at birth between
infants recruited in this trial and ELBW infants in the German
Neonatal Network database born during the same period did
not indicate any selection bias (eTable 3 in Supplement 2).

Discussion
This study compared the effects of liberal vs restrictive trans-
fusion strategies on death or disability at 24 months of cor-
rected age in ELBW infants and found that liberal transfusion
strategies did not reduce the likelihood of death or disability
or any component thereof.

Extremely low-birth-weight infants are particularly
prone to intermittent hypoxemia from week 2 to weeks 6
through 8 after birth,18 and such hypoxemic episodes, par-
ticularly if prolonged, are associated with adverse long-term
outcomes.19 If this association reflects a causal relationship,
the degree of anemia and the thresholds indicating RBCT may
be an important link. It was therefore of particular concern that
Whyte et al15 reported the 18- to 21-month follow-up data of
the PINT trial indicating rates of cognitive deficit (defined as
a Bayley-2 MDI score <70) of 24% vs 18% in the restrictive
threshold group vs the liberal threshold group, a difference that
was not statistically significant but would be of clinical im-
portance if real. Post hoc analyses indicated that the mean MDI
score was 3.5 points lower, and the proportion of infants with
MDI scores lower than 85 was 11 percentage points higher, in
the restrictive threshold group.15

Conversely, RBCTs have also been associated with ad-
verse outcomes such as death,4 retinopathy of prematurity,11,12

bronchopulmonary dysplasia,3,10, 20 intraventricular
hemorrhage,6,7 and necrotizing enterocolitis,6,8,9,21 but such
associations may not reflect causality.22,23

To resolve this uncertainty, this trial was designed to
compare the effects of liberal vs restrictive transfusion strate-
gies. The trigger thresholds applied in this study reflected
contemporary neonatal care24 and were in agreement with
available evidence.25 The restrictive thresholds mimicked
those used in the restrictive threshold group of the PINT
study,26 and it was consensus at that time that transfusion
thresholds for ELBW infants should not be more restrictive.27

With increasing postnatal age enabling postnatal circulatory
adaptation, lower levels of hematocrit seemed tolerable, and
higher levels were maintained in critically ill infants, taking
into account the need for respiratory or circulatory support
as well as the frequency and severity of intermittent hypox-
emic episodes. To reflect clinical reality, RBCTs were allowed
independent of the assigned transfusion thresholds during
surgery or other emergencies.

This study showed that a liberal transfusion strategy did
not reduce the likelihood of death or disability compared with
a restrictive strategy. The apparent discrepancy with the post

hoc analyses of the PINT trial15 may be explained by the fact
that the PINT investigators were more adherent to the as-
signed transfusion thresholds and that the resulting mean he-
matocrit and/or hemoglobin values were about 3 percentage
points higher per 10 g/L in both groups in the present study com-
pared with the PINT trial. Differences in neonatal care (due to
different health care systems and/or advances in treatments
during the 10 years between the 2 trials) may also have con-
tributed. The upcoming results of the ongoing Transfusion of
Prematures (TOP) trial (NCT01702805) of the National Insti-
tute of Child Health and Human Development Neonatal Re-
search Network may shed further light on this discussion and
enable an individual patient data meta-analysis.

In keeping with the PINT trial,26 hospital outcomes were
not significantly different in both groups, suggesting that as-
sociations of RBCT with complications of prematurity do not
reflect causal relationships (at least within the RBCT strate-
gies applied herein).

Limitations
This study has several limitations. First, 8% of randomized
patients were not able to be included in analysis of the pri-
mary outcome, mainly due to loss to follow-up. Second, a
substantial proportion of infants received at least 1 RBCT that
was not justified by the study protocol (144/1013 [14%]) or did
not receive an RBCT within 48 hours of a (potentially single)
hematocrit value below the assigned threshold (70/1013
[7%]) during the (on average) 10-week treatment period,
potentially blunting any treatment effect. However, analysis
of the per-protocol population who were treated according to
protocol at all times confirmed the primary analysis. Because
non–protocol-justified RBCTs were predominantly adminis-
tered to infants with birth weights below 750 g in the restric-
tive threshold group, the proportions of low and high birth
weight strata were skewed in the per-protocol population:
190/370 (51%) in the low birth weight stratum and 180/370
(49%) in the high birth weight stratum in the liberal thresh-
old group vs 177/411 (43%) and 234/411 (57%) in the restrictive
threshold group. Third, the lower rates of death and broncho-
pulmonary dysplasia in this trial compared with those of a
recent European multicenter study on inhaled budesonide in
extremely low-gestational-age infants (NEUROSIS),28 despite
a similar mean gestational age at birth, might indicate that
the sickest extremely preterm infants may not have been
enrolled because of a more delayed recruitment (mean 2.5
days in this trial vs median 6 hours in NEUROSIS), patient
selection by the local investigators, or higher anxiety among
parents with sick infants related to RBCT compared with
inhaled budesonide. Fourth, the separation in hematocrit
values (and hence in oxygen-carrying capacity) achieved may
be considered too small (and the level of resulting mean
hematocrit values too high) to cause a difference in outcome;
however, more liberal or more restrictive guidelines would
not have been acceptable to the (German) neonatal commu-
nity. Fifth, recruitment for the trial extended over a period
of 40 months, and changes in neonatal practice over time
may have occurred during that period and introduced
bias. Sixth, mean age at randomization was 2.5 days; hence,
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no conclusion can be drawn on what level of hematocrit is
required during the first 2 days after birth. Seventh, general-
izability to other populations might be limited by the pre-
dominantly white German study population. Eighth, the
nonmasking of parents and neonatal caregivers by nature of
the intervention may have introduced bias in the nonobjec-
tive short-term outcomes.

Conclusions

Among infants with birth weights of less than 1000 g, a strat-
egy of liberal blood transfusions compared with restrictive
transfusions did not reduce the likelihood of death or disabil-
ity at 24 months of corrected age.
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