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preterm red blood cell transfusion  
A randomized controlled trial 



Abstract 

Background and Objectives:

Setting a lower limit of cerebral tissue oxygen saturation (rc 2) for RBC transfusion in anemic 
preterm infants might improve short-term neurological outcomes. 
Methods: We performed an open, randomized controlled trial in which infants with a gestational 
age below 32 weeks were randomly assigned to RBC transfusions at either the usual hemoglobin 
threshold (control group), or using a lower limit of cerebral oxygen saturation to guide the RBC 

25 was considered optimal.
Results: We randomized 109 infants (mean gestational age 29.1 weeks, mean birth weight 1295 

P c 2 during the study period, 
P=.04, and tended to receive more RBC transfusions, P=.05, than the control infants. There 
were no differences in neonatal mortality and clinical morbidities. 
Conclusions: 

results should be further explored in multicenter trials.
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Introduction

Preterm infants are at risk of developing anemia as a result of low-circulating erythropoietin, 
the lack of third trimester iron stores, short fetal red blood cell lifespan, and phlebotomy 
losses.1,2 Anemia and its associated decrease in oxygen-carrying capacity presumably increases 
the burden of cerebral hypoxia. Serious complications of prematurity are often attributed to an 
imbalance between tissue oxygen supply and demand.3,4 Correcting anemia by RBC transfusions 
enhances oxygen supply to vital organs. Nevertheless, RBC transfusions also have side-effects. 

5-9 These complications lead to increased mortality and 

10 
Controversies still remain concerning the optimal transfusion threshold for the very preterm 

population.11-13

while clinical variables are hardly considered. Hemoglobin levels alone, however, may not fully 

despite lower Hb levels.3,14,15

oxygen saturation (rc 2) and is increasingly becoming part of clinical care in neonatal intensive 
16,17

predicting outcomes in preterm infants.18-20

21-23

including movements and postures.24

quantity of movements and postural patterns are assessed and converted to a motor optimality 
25,26

for both motor and cognitive development.26-28 We hypothesize that using a lower rc 2 limit 
tolerating lower Hb levels compared to merely using Hb level as indication for RBC transfusion, 

Study design 



Participants 

abnormalities, congenital heart disease apart from patent ductus arteriosus and patent foramen 

parents did not understand Dutch.

Randomization and intervention

The infants were randomly assigned in a 1:1 ratio to the intervention or control group. 
Randomization was concealed and performed by a computer-generated schedule, balanced 

The intervention group was treated according to a strategy in which we used a lower limit of 
rc 2

transfusion was given if the rc 2 had been <

transfusion was administered regardless of the rc 2 level. The control group was treated on the 

in both groups depended on ventilator dependency, with a higher threshold when mechanical 

attending neonatologist. 

kg administered during 3 to 5 hours. For each RBC transfusion, we recorded its volume, age, and 
donor-number. Protocol violations were recorded. 
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Table 1.
Mechanical 
ventilation a

RBC transfusion threshold

Yes When Hb level was below the standard-care threshold 

soon as rc 2 was below 72% for at least 30 consecutive 
minutes. 
When Hb level dropped below the safety net value of 7.0 

of rc 2 level.

No When Hb level was below the standard-care threshold 

soon as rc 2 had dropped below 72% for at least 30 
consecutive minutes. 
When Hb level dropped below the safety net value of 6.0 

of the rc 2 level.

Control group Yes

No

transfusion threshold; RBC, red blood cell; rc 2, cerebral tissue oxygen saturation.
a

intermittent mechanical ventilation, or high frequency oscillation. 

Cerebral oxygen saturation and limit detection

For rc 2

c 2 data were continuously collected 

c 2 was continuously measured as part of routine clinical 

c 2 was measured for at least eight hours a day if the Hb level was 

transfusion thresholds, continuous rc 2 measurements were mandatory. These measurements 
continued until the Hb level normalized.

For the intervention group, we developed software to generate a warning as soon as the rc 2 
30 consecutive minutes. This was presented immediately by a visual and 

audible warning signal on a centrally located computer monitor situated in the nursing station. This 
warning system was activated as soon as Hb levels dropped below standard-care Hb thresholds and 

the nurse informed the attending neonatologist who prescribed the RBC transfusion. 

Primary outcome

neurodevelopment.26,27 We made 10-minute video recordings of each infant during an outpatient 



were excluded from analyses. 

circular movements, visible in all joints. They can be judged as normal, abnormal, or absent.22 

optimal.25,26 25 and 
atypical if it was 24.25,26,29,30

case they disagreed, the recording was re-assessed together with a third assessor (AFB). All 

Secondary outcomes

c 2 
during the study period. All rc 2 data were visually assessed for quality. We removed artifacts 

physiological changes or a lack of physiological variability. We calculated the daily mean rc 2 
during the study period. 

Statistical analyses

First, we performed a power calculation based on data obtained from previous studies using 
24,31 24 

with a sample of 94 infants in each group, the trial would have 80% power to detect a 20% 

of RBC transfusions, we performed a pre-planned interim analysis after the inclusion of 100 

After study closure, we performed an intention-to-treat analysis in which we analyzed all 
randomized participants. Next, a per-protocol analysis was performed for the primary outcome in 
which participants with protocol violations with regards to RBC transfusions were excluded. The 

We used univariable linear mixed effects analyses to compare repeated measures of Hb levels and 
rc 2

P=.05. 
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Results

Participants 

we halted further inclusion. We included 109 preterm infants born between July 2018 and 
September 2020 (Figure 1). Follow-up lasted until February 2021. Baseline characteristics 
were similar between groups (Table 2). 

Figure 1. Flow of participants 



Table 2. Patient characteristics 
Intervention group

n = 54
Control group

n = 55
Gestational age, weeks 28.8 ± 1.8 29.4 ± 1.4

Birth weight, grams
SGA
LGA

1285 ± 365
11 (20%)
5 (9%)

1320 ± 370
18 (33%)
8 (14%)

Sex, boys 27 (50%) 26 (47%)

Singleton 40 (74%) 34 (62%)

Antenatal corticosteroids, full course 36 (67%) 31 (56%)

Cesarean delivery 24 (44%) 27 (49%)

Apgar score at 5 min 8 (6 – 8) 8 (7 – 8)

19 (35%) 14 (26%)

Postnatal day at randomization 3 ± 1 3 ± 1

10.7 ± 1.4 10.9 ± 1.2

Study duration, days 16 ± 10 13 ± 9

Duration of mechanical ventilation, days a 1 (0 – 5) 0 (0 – 2)

Data are displayed either as mean ± standard deviation, median (P25-P75), or n, percentage, if appropriate. 
Abbreviations: Hb, hemoglobin; LGA, large-for-gestational age (> 90th percentile); SGA, small-for-
gestational age (< 10th percentile). 
a

intermittent mechanical ventilation, or high frequency oscillation.

Primary outcome 

motor repertoires (Table 3). Fourteen infants were not recorded, of whom two were lost to 

P=.02. 

respectively, P=.04. 

P=.04. 
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Table 3. Primary and secondary outcomes
Intervention group

n = 54
Control group

n = 55
P value

Primary outcome n = 44 a n = 48 a

22 (50%) 13 (27%) .02

Secondary outcomes n = 45 n = 50

Fidgety movements present (n = 95) 44 (98%) 50 (100%) .47
 (n = 92) a 25 (24 – 26) 24 (22 – 26) .04

Secondary neonatal outcomes n = 54 n = 55

3 (6%) 1 (2%) .36

3 (6%) 5 (9%) .72

8 (15%) 6 (11%) .54

15 (28%) 8 (15%) .09

2 (4%) 1 (2%) .62

Number of infants who received an RBC 
transfusion

21 (39%) 12 (22%) .05

Number of RBC transfusions in infants who 
were transfused (n = 33)

2 (1 – 3) 2 (1 – 2) .10

Data are displayed as median (P25-P75) or as n, percentage, if appropriate.

a General movement assessment of three infants (one of the intervention group and two of the control group) 

Secondary outcomes 

morbidities in Table 3. We found no differences in survival, neither in the development of NEC, 

Hemoglobin levels and cerebral oxygen saturation 

We present the course of Hb levels during the study period in Figure 2. At randomization, the 
P=.29. 

Despite the fact that during the study period more infants in the intervention group received at 
least one RBC transfusion, the intervention strategy resulted in lower Hb levels in infants in the 
intervention group than in the control group (Table 4). 

c 2

intervention group had higher rc 2 levels during the study period (Table 4). 



Figure 2. Hemoglobin levels and administration of red blood cell transfusions during the study period
Solid line represents intervention group; dotted line represents control group. 
Abbreviation: RBC, red blood cell. 

Figure 3. Cerebral tissue oxygen saturation during the study period
Solid line represents intervention group; dotted line represents control group; grey box represents 
rc 2 measurements performed mainly according to study protocol and less for clinical reasons (more 
measurements were done in infants in the intervention group than in the control group). 
Abbreviation: rc 2, cerebral tissue oxygen saturation. 
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Table 4. The difference between two strategies guiding red blood cell transfusions regarding either 
hemoglobin level or cerebral oxygen saturation over time, as analyzed by univariable linear mixed effects 
analyses

B (95% CI) SE P value

Intervention group versus control group -0.74 (-1.25 to -0.24) 0.25

rc 2, (%)

Intervention group versus control group 2.11 (0.01 to 4.21) 1.06 .04

c 2, cerebral tissue 
oxygen saturation; SE, standard error.

RBC transfusions

Twenty-one infants in the intervention group (39%) received at least one RBC transfusion 
compared to twelve infants (22%) in the control group, P=.05 (Figure 2). Within these 33 infants, 
the number of RBC transfusions, transfusion volume, age of RBCs, and donor exposition was 
not different between groups. 

these latter violations, four occurred in the intervention group and six in control group. 

Discussion

We demonstrated that in preterm infants born before 32 weeks of gestation the neurological 

the RBC transfusion. During the study period, the intervention strategy resulted in lower Hb 
levels and higher rc 2

rc 2

the short-term neurological outcomes.

c 2-guided RBC transfusions resulted in favorable 
short-term neurological outcomes in preterm born infants. Anemia is common in preterm infants 
and may result in an imbalance between oxygen supply and demand.32

cerebral oxygen delivery, the brain is exposed to hypoxia. Reducing RBC transfusions by 

to vital organs, which may lead to impaired outcomes.3 Near-infrared spectroscopy can play a 
role in determining whether cerebral oxygenation is at risk when Hb levels approach the level 
for RBC transfusion. Whether the need for transfusion in anemic preterm infants needs to be 
determined on tissue oxygenation measurements rather than Hb level alone was already called 
into question twenty years ago. Wardle and colleagues investigated whether infants with high 

to guidelines.33 They used a cut-off for peripheral tissue oxygen extraction to identify the need 
for RBC transfusion. Regrettably, this study failed as a result of many protocol violations (59% 



of transfusions administered were based on physician discretion). We speculate that regarding 
neurocognitive development rc 2 is a more relevant predictor of the need for RBC transfusion 
than peripheral measurements. 

rc 2, that is, preventing cerebral hypoxia, the short-term neurological outcomes of preterm 
infants improved. This might be explained by the fact that severe anemic hypoxia may be harmful 
to the developing brain.4,15 This is also supported by previously published results of preterm 
infants with lower rc 2

from frequent desaturations and hypoxemic episodes.32,34-37

were previously associated with adverse long-term outcomes.38

Because tissue oxygen delivery depends on cardiac output4 along with the oxygen-carrying 
capacity of blood, the exact Hb threshold for cerebral hypoxia is probably different for each 

c 2 limit provides the opportunity to assess whether a particular 
degree of anemia has compromised cerebral oxygenation, thus aiding clinicians in deciding on 
the individual need for an RBC transfusion.

We based our rc 2 limit of 72% on earlier research in preterm infants. Verhagen and 
colleagues showed that early rc 2

20 Alderliesten and 
colleagues found that mean rc 2, depending on GA and PNA, ranged from 72% to 81% during 

39 Schat and colleagues reported that preterms with an early rc 2 
40 Seeing that aforementioned authors published early 

rc 2 values and that rc 2 decreases with increasing PNA, a rc 2 limit of 72% may have been 
relatively high after three days after birth.41,42 We may have needed to adjust rc 2 limits beyond 

four weeks after birth. 
Even though the study was terminated before we achieved the calculated sample size, we still 

diagnostic and prognostic values for both motor impairments and neurological dysfunction at 
school age.26-28,43 Whether the favorable effect of our intervention strategy will last until long-term 

c 2 as 
transfusion threshold may also be involved in neurological and developmental outcomes later on.

This study has several limitations. First, our study was terminated prematurely because 
the expected reduction in number of transfusions did not occur. Nevertheless, we demonstrated 

c 2 limit despite of administering more transfusions in the 
intervention group. We believe that this was caused by our strictly avoiding rc 2 from falling 

given the similar baseline characteristics and secondary outcomes. Second, 13% of randomized 

restrictions. Third, protocol violations may have affected our results. These, however, occurred in 

primary intention-to-treat analysis. Fourth, the study was underpowered for differences between 
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groups regarding the secondary outcome measures. Fifth, mean PNA at randomization was 3 
days and we excluded infants who had already received an RBC transfusion prior to inclusion. 

44 Finally, it was 
impossible to perform this study blinded, which may have resulted in treatment bias. 

Conclusion

transfusions improves the short-term neurological outcomes in very and extremely preterm 

c 2 monitoring to 
determine individualized RBC transfusion thresholds. Further multicenter trials are required to 

c 2 limits for treatment decisions.

We greatly acknowledge our patients and their parents for participating. We also acknowledge 

helping with data collection and for creating the opportunity to carry out this study. We greatly 

building the alarm system and further technical support. Finally, we thank the medical students 
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