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neurological functioning of preterm infants 



Abstract 

Objective: To explore the effect of red blood cell (RBC) transfusions on early neurological 
functioning in preterm infants.
Design: Prospective observational cohort study.
Setting: 
Patients: 

transfusion.
Interventions: None.
Main outcome measures: 

c 2) from before until 
24-hours after RBC transfusion. We performed regression analyses to test whether differences 
in hemoglobin and rc 2

Results:

of approximately 1 SD. Twenty infants improved, two remained stable, and two deteriorated. 
Twenty-four-hours after transfusion, median rc 2

gain in hemoglobin 24-hours after RBC transfusion was associated with a 5 points higher 

c 2 increase after 24-hours was associated 

Conclusions:
least partly mediated by improved cerebral oxygen saturation. 



Introduction

at least one red blood cell (RBC) transfusion.1 RBC transfusions immediately increase oxygen 
delivery capacity to regional tissues, which makes it a rapid intervention to treat acute anemic 
hypoxia in vital organs.2,3

injury and oxidative stress, which is associated with negative effects on the central nervous 
system.4 Although cerebral hyperoxia is associated with neuronal injury, optimal neurological 

saturation.5 Cerebral tissue oxygen saturation (rc 2) can be measured continuously and non-
6

Previously, suggestions have been made that RBC transfusions are associated with early 
neonatal morbidities and long-term neurological impairments in preterm-born children.7,8 
Evidence lacks, however, on the time course, that is whether low hemoglobin level or the 
RBC transfusion has its impact on the neurological condition in preterm infants shortly after 
birth. A detailed understanding of the effects of both anemia and the RBC transfusion on the 

related risks for neurological and neurodevelopmental problems and could provide clues for 
understanding underlying pathophysiological mechanisms. 

The most reliable method to evaluate the early neurological functioning of preterm infants is 
9,10 

11

associated with poorer neurodevelopmental outcome in children born preterm.12-14 
The effect of an RBC transfusion on early neurological functioning in preterm infants is 

were related to changes in cerebral oxygen saturation. 

Study design and study participants

approved the study. All parents or guardians of neonates provided written informed consent for 
participation and publication. 



>

examination, or an Apgar Score < 5 at 5 min, or major congenital or chromosomal abnormalities 
were excluded from participation. For the current study we selected the infants of the STEP-trial 

after the transfusion. 
The RBC transfusion consisted of a leukocyte-reduced, irradiated, parvovirus-B19 negative, 

hours. The decision for RBC transfusion was made by the attending neonatologist based on our 
former relatively liberal clinical guidelines (Supplemental Table 1).

Video recordings, assessment of GMA and GMOS

enrollment. The video recording closest to before RBC transfusion was used for analyses. 

transfusion was made. During the recordings, the infant was lying in supine position and wore 
only a diaper. Video recordings during crying, hiccupping or sucking on a dummy were not 
useful for eligible analyses.10 

included poor repertoire, chaotic, and cramped-synchronized movement patterns. Second and 

11

between before and after RBC transfusion. 

Near-infrared spectroscopy

We measured rc 2

c 2 was measured continuously as part of routine 

c 2 continuously from the moment that the 
indication for RBC transfusion was made until 24-hours after the completed RBC transfusion. 
We calculated mean rc 2 during the two-hour period before RBC transfusion, during the entire 
RBC transfusion, during the two-hour period after RBC transfusion, and during the two-hour 

in mean rc 2 both between before RBC transfusion and after RBC transfusion, and between 
before RBC transfusion and 24-hours after RBC transfusion. 



Clinical characteristics 

study period. These data included gestational age, birth weight, postnatal age at days of video 
recording and day of RBC transfusion, ventilatory status, and hemoglobin level before, after, 

Statistical analyses

n, percentage. We calculated differences between 
before and after RBC transfusions using non-parametric tests for paired data. Next, we 
assessed whether postnatal age, hemoglobin level, and rc 2

the effect size of the difference in hemoglobin level and rc 2 between before and after RBC 
p value <

Results

Participants 

Twenty-four infants were included in this study (Figure 1). Their gestational ages ranged from 
24.9 to 29.1 weeks and their birth weights from 630 to 1640 grams. The infants received their 

infants in Table 1.



Figure 1. Flowchart of participants. 

care unit; RBC, red blood cell; STEP, Study on Transfusion Effects in Preterm infants. 



Table 1. Clinical characteristics of study participants 
Median (P25–P75) or n (%)

Gestational age, weeks 27.3 (26.2–28.0)

Birth weight, g
SGA
LGA

863 (739–1108)
8 (33)
2 (8)

Sex, male 10 (42)

Apgar score 5th min 8 (6–8)

Before RBC transfusion
After RBC transfusion
24-hours after RBC transfusion

6.3 (6.0–6.8)
7.8 (7.2–8.7)
8.4 (8.0–9.1)

15 (15–16) 
a

During RBC transfusion
16 (67)
10 (42)

PDA b 12 (50)

Clinical situation during RBC transfusion 

NEC  IIA
Blood-culture proven sepsis

1 (4)
2 (8)
1 (4)

23 (96)

>90th percentile); 

periventricular leukomalacia; RBC, red blood cell; SGA, small-for-gestational age (<10th percentile). 
a

intermittent mechanical ventilation, or high frequency oscillation;
b

neonatologists and cardiologists, required treatment, i.e. a symptomatic PDA.



General and detailed GMA

The video recordings before and after RBC transfusion were made on median postnatal days 8 

p = 0.375).

p

deteriorated after RBC transfusion. The four infants that did not improve after RBC transfusion 

transfusion (  = 0.031, p = 0.885), nor did duration between video recordings and the change in 
 = 0.100, p = 0.643).

Table 2.  
Before RBC transfusion

Median (P25–P75) or n (%)
After RBC transfusion

Median (P25–P75) or n (%)
p

PNA, days 8 (6–10) 12 (8–16)

28.3 (27.0–29.0) 28.9 (27.4–29.6)

Normal GMs
Poor repertoire
Chaotic
Cramped-synchronized

1 (4)
23 (96)
0 (0)
0 (0)

4 (17)
20 (83)
0 (0)
0 (0)

0.375

GMOS 25 (21–29) 33 (27–34) 0.001

age; PNA, postnatal age. 

Hemoglobin level and cerebral oxygen saturation 

We present hemoglobin levels before, after, and 24-hours after RBC transfusion in Figure 

Before RBC transfusion median rc 2

rc 2 increased (Figure 2). This change was already present during and directly after the 
transfusion. Subsequently, rc 2

rc 2

increase was demonstrated 24-hours after RBC transfusion, with a median rc 2 increase of 



Figure 2. General movement optimality scores, hemoglobin level and cerebral oxygen saturation.
Data are presented in box-and-whisker plots; ** p = 0.001; *** p

c 2, 
cerebral tissue oxygen saturation. 

Relation between change in hemoglobin, rcSO2, and GMOS 

 = 
-0.552, p

p = 0.001). Hemoglobin level before transfusion 



p = 0.131).

transfusion (  = 0.442, p = 0.031). The change in rc 2

Per 10% rc 2

interval 5–11, p < 0.001). Each 10% rc 2 increase 24-hours after RBC transfusion, resulted in 9 
p < 0.001).

We observed less gain in hemoglobin and rc 2 after 24-hours in the four infants that did 

Discussion

and its detailed score, improved in anemic preterm infants after receiving an RBC transfusion. This 
improvement was irrespective of anemia severity and postnatal age. Following RBC transfusion, 
cerebral oxygen saturation also improved quickly, with further improvement during the next 
24-hours. This increased cerebral oxygen saturation showed a moderately strong association with 
the improvement of neurological functioning. The association was strongest regarding the increase 

an RBC transfusion is, at least partly, mediated by improved cerebral oxygen saturation. 

2,15 
We now added a positive effect of the RBC transfusion on the early neurological condition of 

percentile ranks according to the categorization of Einspieler et al.11, for example from P10-P25 
to P50-P75, or, in other words, an improvement of approximately 1 SD. 

Hemoglobin level and rc 2

transfusion. This suggests that neonatal anemia negatively affects the early neurological condition 

lower cerebral oxygen saturation.2 After RBC transfusion, cerebral oxygen saturation increased. 

vessels may underlie the favorable results we found after RBC transfusion. The fact that infants 

c 2 
after RBC transfusion supports this hypothesis.



reduced frequency of apneic events, hypoxia, tachypnea, and tachycardia. This might also have 

by both the cardiac output and the oxygen carrying capacity. Preterm infants can compensate for 
low hemoglobin level by increasing cardiac output, which will lead to an increased cerebral blood 

16,17

supply the brain with necessary oxygen and nutrients, preventing the preterm brain from hypoxic 
white matter injury.18

as we did not collect data on heart rate, respiratory rate, or cardiac output. 

transfusions. As improved early neurological functioning is based on improved oxygen carrying 
capacity and its concomitant improved cerebral oxygen saturation, the RBC transfusion may also 

support to previous implications that cerebral oxygen saturation may be taken into account in 
identifying the optimal threshold for RBC transfusion in preterm infants.3,19 

We recognize several limitations of our study. First, we included a relatively small sample 

recordings before and after RBC transfusion was four days. Simultaneously increasing postnatal 
20 

out the fact that treatment for necrotizing enterocolitis or sepsis that was started in three infants 
around the same time the transfusion was administered may also, at least partly, account for their 
improved neurological functioning after RBC transfusion. Results, however, were not different 
when we repeated analyses without those three infants. Fourth, we only selected infants in whom 

was available after RBC transfusion, because of clinical deterioration and decease. This may have 

strongly associated with long-term motor and cognitive outcome of preterm infants.12,13 

Conclusion

anemia, we found a poorer neurological functioning and a reduced cerebral oxygen saturation. 
Following RBC transfusion, both neurological functioning and cerebral oxygen saturation 

support optimal brain function in preterm infants.

We greatly acknowledge the patients and their parents for participating. Furthermore, we would 



in Groningen for helping to collect data and for creating the opportunity to carry out this study. 

of infants and data collection. This study was part of the research program of the Graduate School 
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Supplemental Table 1. Local guideline for red blood cell transfusions for preterm infants at the time of 
the study
Hemoglobin threshold In case of 

First 24 hours after birth, or

Ventilator dependency, or

Cardiorespiratory instability

Cardiorespiratory disease with stable clinical condition, or
Preterm infant (GA < 32 weeks) with clinical symptoms of anemia, 

Stable preterm infant (GA < 32 weeks) without clinical symptoms,  

Stable preterm infant (GA < 32 weeks) without clinical symptoms,  
> 28 days of age

Abbreviation: GA, gestational age.
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