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General introduction  
and outline of the thesis



anemia
noun
volume concentrations of hemoglobin, red blood cell volume, or red blood cell number [New 

: an-, without; haîma, blood

newborn infants.1 However, the prevalence of neurological sequelae, such as cerebral palsy and 
2-5

mild motor, cognitive and behavioral problems are highly prevalent at school age in children 
born very preterm.6-8 The increased survival rate has led to more emphasis on the long-term 
outcome of these high-risk infants in relation to the treatment modalities used during their stay 

amongst which red blood cell (RBC) transfusions.

Neonatal anemia and red blood cell transfusions

Neonatal anemia is common in preterm infants.9,10

can be severe.11

12 Anemic 

oxygen delivery may be at risk.13

on neurodevelopment. Noteworthy, there are also complications of RBC transfusions. Besides 
risks of transfusion reactions, RBC transfusions are associated with an increased risk of death, 
necrotising enterocolitis (NEC), and several other morbidities.14-23 The balance between potential 

optimal threshold and the best moment to transfuse this vulnerable population.

Preterm infants during their NICU stay 

As a result of frequent blood sampling and an immature hematopoietic system, preterm infants 
become progressively anemic.9,24,25 Although very preterm infants are frequently transfused for 

26,27 Previous data suggests that a too 
restrictive RBC transfusion policy may be harmful.28-32

might be a mechanism involved in cerebral hemorrhage and periventricular leukomalacia, 
29,33 Liberal transfusion strategies, however, were 

suggested to be associated with adverse effects on neurologic injury and long-term outcome.34,35 
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29,30,32,34-36 Whether these thresholds were suboptimal 
or whether Hb level does not fully correlate with organ oxygenation remains to be answered. 

Data regarding the contribution of (severe) anemia and RBC transfusions to NEC are 
19,37,38 NEC is a devastating gastrointestinal disease, primarily affecting preterm 

infants.39,40 Whether the increased risk of NEC after RBC transfusion is mainly related to the 
transfusion or to the preceding anemia, is yet unknown. 

Term infants born after perinatal asphyxia 

the fetus or newborn infant. As a result, oxygen delivery is diminished, which can cause serious 

anemia, mostly due to excessive peripartum blood loss.11,41-43 Severe perinatal anemia is a rare 
but serious pregnancy complication. Perinatal death varies in the range of 31–50%.44 Antenatal 
or perinatal hypoxic conditions as a result of severe anemia were further reported to account 
for 2% of infants with cerebral palsy.45 Whether hypoxic-ischemic brain injury is more severe 
following perinatal anemia and is associated with different short- and long-term outcomes is 
as yet unknown.

Figure 1. Proposed mechanisms for injury by neonatal anemia and red blood cell transfusions



remains largely unknown (Figure 1).27,46-48 Neonatal anemia may result in organ tissue hypoxia, 
potentially leading to hypoxic injury. However, there are also risks of RBC transfusions, 
supposedly through ischemic reperfusion injury and oxidative stress.49 Previous studies 

various Hb thresholds. Both evidence for serious side effects of RBC transfusions and of severe 
anemia has raised potential concern for the safety of very strict transfusion practices with 
transfusion thresholds that tolerate severe anemia. Furthermore, preterm infants requiring RBC 
transfusions are mostly the younger, smaller, sicker ones, who suffer more frequently from 

the optimal individual threshold. The lack of knowledge on the effect of different RBC transfusion 
thresholds on outcomes in preterm infants limit determination of whether increased tolerance 
of neonatal anemia by use of restrictive transfusion thresholds may actually increase the risk of 
adverse outcomes.

anemia and its concomitant anemic hypoxia on the one hand, and RBC transfusions on the other. 

anemia and RBC transfusions. 

Clinical tools 

Functional parameters 

There are several bedside clinical tools to monitor tissue oxygenation or brain function. 

tissue oxygen saturation (rc 2 and rs 2

an essential part of clinical care for high-risk infants. The technique is based on the fact that light 
in the near-infrared range (wavelengths between 700 and 1000nm) can be effectively transmitted 
through biological tissue, including the relatively thin newborn skull.50 Within these wavelengths, 
the majority of near-infrared light will be absorbed by oxygenated and deoxygenated Hb, each of 
which has its own absorption spectrum.51

and deoxygenated Hb separately. The ratio between oxygenated and total Hb represents the oxygen 

2).
52 Approximately 

75 to 80% of this value forms a representation of the saturation of venous blood, 5% forms the 
capillary compartment, and the remaining forms arterial blood.53 Both high and low rc 2 values 

perinatal asphyxia.54,55 Regarding splanchnic oxygen saturation, several reports were published 
which showed different results on rs 2 between preterm infants that did and did not develop 
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NEC.56-58 Despite of validity concerns, research has demonstrated its feasibility in preterm infants 
to identify development of NEC, or disease progression after NEC onset.56-58

of high or low rs 2 are associated with the development of NEC, or whether reduced rs 2 
variability may play a role, is still under debate.57-60  

Amplitude-integrated electroencephalography (aEEG) is used to assess electrocortical 
61 Similar to continuous monitoring of vital signs, bedside aEEG can 

aEEG has been used to determine the prognosis and treatment for those affected by neonatal 
encephalopathy.61,62 Two electrodes are placed on a single pair of biparietal locations (P3 and P4). 

of aEEG is primarily based on pattern recognition of background activity. Furthermore, the 
presence of epileptic activity and sleep-wake-cycling can be assessed.61

63,64

Biochemical parameters 

Potential biomarkers that can be determined in urine samples, may provide insight in both 
oxidative stress after RBCs and in intestinal cell damage, possibly leading to NEC. The levels 

intestinal epithelial cells and will be immediately released into the circulation after intestinal 
cell damage65

pathogenesis of NEC development after RBC transfusion, as a biomarker of damage after RBC 
transfusion resulting in NEC development.66,67

to oxidative stress due to hypoxia-ischemia.68,69 The measurement of urinary isoprostane levels 
is a commonly studied, non-invasive method to detect recent oxidative stress.70,71

are generated as free-radical products when oxidative stress occurs and are considered reliable 
biomarkers. 8-isoprostane is useful, because of its stability, its sensitivity to oxidant injury, and 

Higher levels of 8-isoprostane posttreatment are most likely due to increased oxygen content 

oxidative stress-related diseases.72 Recently, high levels of cord blood isoprostane have also 
been associated with white matter injury in very preterm infants.73 



Neurological functioning and neurological outcome 

During the neonatal period, neurological functioning can be assessed by the quality of general 

nervous system.74-76

movements and postures.77

74,78 

Table 1. General movement assessment on different postnatal ages
Description
Extremely variable movements, large amplitude, moderate speed, 
many pelvic and trunk movements

Early motor repertoire at three Gross movements involving the whole body, such as kicking, 
wiggling-oscillating, swiping, or excitement bursts; postures, and 

Fidgety movements 
circular movements of small amplitude and moderate speed and 
variable acceleration in all directions

77,79 

movements.74,80 Fidgety movements are continuous small movements of moderate speed in 
all directions. These movements are most prominent at 10 to 16 weeks corrected age (CA). 

score.75

calculated into a motor optimality score-revised with excellent prognostic value for both motor 
and cognitive development.80-84

Neurodevelopmental outcome 

a valid and commonly used tool.85

including the cognitive, motor, and language domain.85 
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The overall aim of this thesis was to clarify controversial issues regarding neonatal anemia and 

transfusions on the other. This thesis is covering three aspects of this dilemma. First, this thesis 
focuses on increasing knowledge on short-term effects of neonatal anemia and RBC transfusions 
in preterm infants regarding organ oxygenation, clinical morbidity, intestinal injury, oxidative 
stress, and neurological functioning. Second, this thesis focuses on the feasibility of using an RBC 
transfusion threshold based on the degree of oxygen saturation of the brain and whether this will 

Part I – Literature overview 

Chapter 2).

Part II – Anemia and RBC transfusions in preterm infants during their NICU stay
Chapter 3, we 

evaluated the association between Hb level after birth and early neurological functioning. 
Chapter 4 is a nested case control study in which we investigated whether anemia predisposes 
infants to imminent intestinal injury. Furthermore, we evaluated the short-term effects of RBC 
transfusions in preterm infants, both on neurological functioning as on intestinal injury (Chapter 
5 and Chapter 6 Chapter 7, we assessed the intestinal and cerebral vascular response after 

into account as RBC transfusion threshold and whether it may lead to a better neurological 
outcome in preterm infants (Chapter 8). 

Part III – Perinatal anemia in term infants with neonatal encephalopathy 

anemic and non-anemic term infants born after perinatal asphyxia. Chapter 9 reports on the 

Chapter 10

perspectives regarding the treatment of anemia with RBC transfusions in preterm infants and 
anemic term infants with neonatal encephalopathy (Chapter 11 Appendices a short 
summary in English and Dutch is presented. 
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