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Perinatal anemia is associated with 
neonatal and neurodevelopmental 
outcomes in infants with moderate  
to severe perinatal asphyxia



Abstract

Background:
neurodevelopmental effects are theoretically different from other causes of perinatal asphyxia.
Objective: The study aimed to determine whether perinatal anemia results in different short-
term and long-term outcomes than other causes of perinatal asphyxia treated with therapeutic 
hypothermia. 
Methods: We retrospectively included infants with moderate to severe hypoxic-ischemic 

System <

(initial hemoglobin <
other causes.
Results:

n p 
= 0.01. None of the surviving infants with anemia (n

anemic group, p < 0.01. 
Conclusions: Perinatal anemia causing moderate to severe perinatal asphyxia is associated 
with a higher risk for neonatal mortality. All survivors with perinatal anemia, however, showed 

needs further elucidation. 
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Introduction

supply occurs.1 As a result oxygen delivery is diminished, which can cause serious damage 
to the brain and other organs. Despite improvements in perinatal care, infants born after 
moderate to severe asphyxia still suffer from short-term and long-term neurological sequelae. 
Children who survive are at higher risk for moderate to severe functional impairments.2

hypothermia (TH) reduces the risk of death or severe neurological sequelae.3

excessive blood loss. Earlier research demonstrated that a lower level of initial hemoglobin (Hb) 

anemic asphyxiated infants.4

After TH has been introduced, no studies on short-term and long-term outcomes are available 
that distinguish perinatal anemia from other causes for moderate to severe perinatal asphyxia. 
Based on a small number of previous studies, we hypothesized a negative effect of low Hb 
concentrations in near-term and term asphyxiated infants on cognitive and motor development 
at 2-3 years of age.

Participants and clinical parameters

2015, were included.

< > >

5

of the amplitude-integrated electroencephalography (aEEG), TH was also initiated.

scoring system developed by Van Rooij et al.6

aEEG background patterns and EEG recordings were scored as normal (continuous normal voltage), 
mildly abnormal (discontinuous normal voltage, mildly epileptiform), or severely abnormal (burst 

7,8 



h after birth to account for acute perinatal blood loss that had not resulted in measurable anemia 
directly after birth. This cut-off value was chosen for practical reasons, as it was similar to the 

national guideline.9

to the reference values published in 1971.10 Next, we categorized the infants into 2 groups, those 

with perinatal anemia to the non-anemic group. Second, we investigated the effect of Hb value on 

Long-term follow-up

All infants who underwent TH and who survived were routinely tested at 2-3 years of age using 

infancy.11 Cognitive and motor composite scores were determined. The standardized norm for 

of 85, and abnormal with a composite score <85. 

abnormal, based on information in their medical records.
Additionally, parents completed the Child Behavior Checklist (CBCL), a 100-item parent 

12 The items are converted into 
syndrome scale scores, from which internalizing and externalizing T-scores can be derived. The 

T-scores above 60 as borderline behavioural problems, above 63 as behavioural problems in 
the clinical range. 

Statistical analysis

parameters to include in multiple regression models, including AS at 5 min, Thompson score, 
pH 1-h after birth, lactate concentration 1-h after birth, and postnatal age at start of active 

p < 0.20 were included in the multiple regression models. 
We also performed linear regression analyses to test whether Hb values were predictive for 

p <
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Results

Clinical data

40.86). Four infants were excluded because of chromosomal abnormalities and 7 infants were 
lost to follow-up (Figure 1). 

The most frequent causes for perinatal asphyxia were prolonged labor (25%), problems 

placental abruption (52%), fetal-maternal transfusion (22%), and umbilical cord rupture (13%).
The majority (83%) of the anemic infants was born after a caesarean section, while this was 45% 

but median Thompson scores and initial lactate concentrations did not differ between groups. 

unnecessary before redirection of care, based on isoelectric full EEG in combination with a 
clinical condition consistent with brain death. Clinical characteristics are presented in Table 1.

Figure 1. Flowchart inclusion and exclusion of the study population

 



Table 1. Patient characteristics 
Perinatal anemia
n = 23

Non-anemic
n = 88

p 

Gestational age, weeks 39.0 (37.4-40.3) 40.0 (38.4-41.0) 0.11

Birth weight, g
SGA
LGA

3400 (2960-3750)
1 (4)
2 (9)

3200 (2816-3664)
14 (16)
11 (13)

0.53
0.19
1.00

Sex, male 11 (48) 45 (51) 0.82

0 (0) 6 (7) 0.34

Delivery mode, vaginal 4 (17) 48 (55) <0.01

Apgar score 
1st min
5th min
10th min

0 (0-1)
1 (0-3)
4 (1-5)

1 (0-2)
3 (2-5)
5 (4-7)

0.01
<0.01
<0.01

pH
Umbilical artery
1h pp

6.9 (6.8-7.0)
6.8 (6.7-7.0)

6.9 (6.8-7.1)
7.1 (6.9-7.2)

0.41
<0.01

Cardiac resuscitation 15 (65) 34 (39) 0.02

Postnatal age at start active TH, h 3.8 (2.9-4.8) 5.0 (3.8-5.8) 0.01

15.4 (9.9-21.0) 13.8 (8.8-17.7) 0.36

Thompson score 11 (10-15) 11 (8-15) 0.60

5.9 (4.3-6.8) 10.4 (9.6-11.6) <0.01

7.8 (6.5-8.9) 10.3 (8.5-11.2) <0.01

0.30 (0.27-0.37) 0.49 (0.43-0.55) <0.01

Reticulocyte, ‰ 31 (24-44)

Reticulocyte, 109 110 (100-135)

Erythroblasts, 109 2.4 (1.1-5.0)

RBC volume, ml/kg/24h
22 (96)
27 (20-33)

11 (13)
15 (11-16)

<0.01
<0.01

178 (75-648) 103 (68-206) 0.06

74 (21-241) 42 (20-97) 0.14

Serum creatinin during TH 85 (60-122) 67 (56-83) 0.01

aEEG performed 
Mildly abnormal a

Severely abnormal a

23 (100)
5 (22)
18 (78)

88 (100)
36 (41)
52 (59)

0.09

EEG performed
Mildly abnormal
Severely abnormal

20 (87)
8 (35)
12 (52)

76 (86)
17 (19)
52 (59)

0.14

Abnormal 
22 (96)
10 (43)

85 (97)
25 (28) 0.15

Total MRI score b

BG and T
WA
PLIC

18 (78)
3 (1-5)
0 (0-1)
2 (0-2)
1 (0-1)

81 (92)
2 (0-4)
0 (0-1)
2 (0-2)
0 (0-1)

0.32
0.93
0.47
0.03
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Perinatal anemia
n = 23

Non-anemic
n = 88

p 

Survival 12 (52) 69 (78) 0.01

12 (100) 63 (91)

CBCL performed 10 (83) 52 (75)

Data are presented as median (interquartile range) or as n (%).
Abbreviations: aEEG, amplitude-integrated electroencephalography; BG and T, basal ganglia and thalamus; 

rd edition); CBCL, Child Behavior Checklist; 
Hb, hemoglobin; Ht, hematocrit; LGA, large-for-gestational age (>90th

posterior limb of internal capsule; RBC, red blood cell; SGA, small-for-gestational age (<10th percentile); 
TH, therapeutic hypothermia; WA, watershed areas; 
a A mildly or severely abnormal background pattern at some point during therapeutic hypothermia; 
b 6

Neonatal outcome

p = 0.01. After adjustment for potential confounders, AS 5th min 
p = 0.25. The extent of brain 

was performed, the degree of cerebral injury did not differ between groups (Table 1). Twenty-
four infants died following a decision to redirect care due to the expected very poor prognosis 

was no difference in postnatal day of redirection of care or in the information on which we 
based the decision (Table 2).

Neurodevelopmental outcome

survivors in the severe perinatal anemia group (n = 12) had a normal outcome, whereas 26 
(38%) of the other patients had neurodevelopmental impairments at 2-3 years of age, p < 0.01 

motor composite scores were higher in the perinatal anemia group. We found no differences 
between groups in T-scores for behavioural problems (Table 2). 

Table 1. continued



Table 2. Neonatal and neurodevelopmental outcomes
Perinatal anemia Non-anemic p 

Neonatal outcome

Survival 
Survival without disabilities

Redirection of care
Postnatal day redirection of care
Decision based only on (a)EEG and 
clinical condition

n = 23

12 (52)
12 (52)
8 (73)
6 (3-9)
5 (63)

n = 88

69 (78)
43 (49)
16 (84)
6 (3-8)
7 (44)

0.01
0.82
0.64
0.70
0.67

Neurodevelopmental outcome 

Normal
Abnormal 
Cognitive composite score
Motor composite score

CBCL
Normal 
Subclinical
Clinical 
Internalizing T-score
Externalizing T-score

n =12

12 (100)
0 (0)
100 ±10
104 ±11
n = 10
8 (80)
1 (10)
1 (10)
43 ±7
45 ±11

n = 69

43 (62)
26 (38)
100 ±12
95 ±15
n = 52
47 (90)
3 (6)
2 (4)
44 ±10
48 ±9

<0.01
<0.01
0.98
0.02

0.61

0.53
0.45

Data are presented as n

Toddler Development (3rd edition); CBCL, Child Behavior Checklist; Hb, hemoglobin. 

Hb values and outcome

th min, lactate 1 h after birth, and postnatal age at start TH as appropriate to be 
entered in multivariate regression analyses as potential confounders. When including all infants 
in the analyses, initial Hb values were not associated with mortality and adverse outcomes 

confounders (Table 3). When including only the 81 surviving infants in the analyses, higher 

outcomes and mortality differed considerably between anemic and non-anemic infants (Table 

adverse outcomes, but in non-anemic infants, higher initial Hb values increased the risk of adverse 

composite scores or with CBCL results. Lower initial Hb values after birth resulted in better motor 

initial Hb and higher cognitive and motor composition scores.



Outcomes after anemic perinatal asphyxia 

Table 3. 
outcomes, using univariate and multiple regression analyses. 

All infants Perinatal anemia Non-anemic
Adverse outcome a n = 111 n = 23 n = 88

Hb pp, mmol/L 1.09 (0.94;1.25)# 0.80 (0.50;1.26)# 1.40 (1.04;1.87)*
Apgar score 5th min 0.91 (0.75;1.10) 0.68 (0.43;1.07) 0.98 (0.77;1.25)
Lactate 1h pp, mmol/L 1.07 (1.01;1.24)* 1.19 (1.00;1.41)* 1.05 (0.98;1.12)#

PNA at start TH, h 1.10 (0.86-1.41) 2.02 (0.93-4.38) 0.98 (0.73-1.30)

Hb pp, mmol/L 1.11 (0.96;1.29) 0.90 (0.53;1.53) 1.39 (1.03;1.86)*
n = 111 n = 23 n = 88

Hb pp, mmol/L 0.89 (0.76;1.04)# 0.80 (0.50;1.26)# 1.35 (0.94;1.93)#

Apgar score 5th min 0.62 (0.48;0.81)* 0.68 (0.43;1.07)# 0.65 (0.47;0.89)*
Lactate 1h pp, mmol/L 1.11 (1.03;1.19)* 1.19 (1.00;1.41)* 1.09 (1.00;1.18)*
PNA at start TH, h 0.98 (0.74;1.29) 2.02 (0.93;4.38) 0.92 (0.65;1.30)

Hb pp, mmol/L 0.97 (0.81;1.15) 0.88 (0.51;1.53) 1.34 (0.91;1.96)
n = 81 b n = 69

Hb pp, mmol/L 1.53 (1.14;2.07)* 1.34 (0.95;1.89)#

Apgar score 5th min 1.29 (0.97;1.72)# 1.30 (0.94;1.79)#

Lactate 1h pp, mmol/L 1.01 (0.94;1.09) 1.01 (0.93;1.09)
PNA at start TH, h 1.17 (0.86-1.59) 1.02 (0.73;1.43)

Hb pp, mmol/L 1.54 (1.13;2.10)* 1.35 (0.95;1.92)

* indicates p < 0.05; # indicates p < 0.20

TH, therapeutic hypothermia;
a Adverse outcome indicates death or abnormal neurodevelopmental outcome;
b



Table 4.

All survivors
n = 75 a

Perinatal anemia
n = 12

Non-anemic
n = 63 a

Cognitive composite score -0.84 (-2.00;0.32) 2.18 (-3.24;7.60) -2.24 (-4.03;-0.44)*

-2.05 (-3.45;-0.65)* 2.89 (-2.63;8.42) -2.75 (-4.99;-0.50)*

CBCL score 0.76 (-0.28;1.80) -2.29 (-7.12;2.54) 0.79 (-0.85;2.43)

* indicates p < 0.05;

(3rd edition); CBCL, Child Behavior Checklist;
a

Discussion

with perinatal anemia. At the age of 2-3 years, however, survivors of perinatal anemia showed 

A similar association between perinatal anemia and high neonatal mortality was found 

anemic patients died within 72 h after birth.13

rates in infants with perinatal anemia leading to birth asphyxia. They suggested that a marked 

a higher incidence of multi-organ failure.14 Severe anemia at birth may also have limited the 
oxygen delivery to vital organs in our anemic patients, attenuating the response to appropriate 
resuscitation. Lower AS and the more frequent need for cardiac resuscitation suggested a poorer 
condition after birth in the anemic group.

This higher mortality rate might be due to a difference in pathophysiology of injury between 

than other causes for perinatal asphyxia. A possible explanation for the more clearly severe brain 
injury might be the length of the hypoxic-ischemic incident. Severe perinatal bleeding is an acute 
serious event, whereas other causes might be more prolonged, less severe, hypoxic events. This 
short-lasting anemia might be more amenable to TH in terms of neuroprotection. Although, early 
initiation of TH might also be associated with a higher mortality rate in anemic infants. Perinatal 
anemia may thus lead to a clearer picture of the prognosis, which may affect the decision-making 

Kadooka et al., however, previously demonstrated that severe anemia at birth resulted in more 
neurological sequelae.4

15
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outcome.13 Neurodevelopmental tests, however, were not routinely performed in their study.

16 Following an 

this is highly speculative. Second, anemic hypoxia during pregnancy and birth stimulates epo 
production, which might act as a protective mechanism against the adverse effects of asphyxia.17 

account for these positive results, because it was slightly higher compared with other studies.13,14 
The anemic group may comprise some infants who did not suffer from severe perinatal anemia. 
An initial lower Hb concentration in severely anemic infants might result in higher risks for an 

adverse outcome. Slightly lower Hb concentrations may improve organ perfusion by resulting 

and hypoxemia, particularly in the cerebral microcirculation. This is a process similar to shock 

rather than the need to restore the oxygen carrying capacity.18 A higher viscosity might also lead 

Furthermore, anemia results in less oxygen carrying capacity to a potentially compromised brain. 
This may have led to less injury from free oxygen radicals, resulting in an improved long-term 
outcome. Based on these differing results of the associations between Hb concentrations and 

motor composite scores in all surviving infants, but not for cognitive composite scores, possibly 
because of the age during follow-up testing. The children might have been too young for accurate 
testing of cognitive impairments. We also found no differences in scores for internalizing and 
externalizing behavioural problems. Behavioural outcomes of asphyxiated neonates have received 

problems, but their scores are mostly in the average range.19

20 
The present study has several limitations. First, because of the retrospective design, some 

information was limited in cases where parameters were not routinely determined. Second, we 
checked whether decisions regarding redirection of care differed between children with and 

possibility. Third, as this was a single center study, generalizability to other centers could be 
limited. The follow-up rate, however, was 92% which makes it a reliable representation. Fourth, 



different clinical etiologies of anemia may have had its own pathophysiological relation with 
outcome. The small sample size hampered us from performing subgroup analyses. Finally, the 

bias, although we included a relatively large group of infants who had otherwise similar neonatal 
clinical conditions. 

Conclusion

We have presented evidence that in the era of TH perinatal anemia remains associated with higher 
mortality rates compared to other causes of moderate to severe perinatal asphyxia. The anemic 

between low and high Hb values after birth was striking and needs to be further elucidated. 
Prospective studies with longer follow-up periods are needed to understand the pathophysio- 

logical differences and to identify possible interventions to improve neonatal care for these 
high-risk infants.
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