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Abstract
Background: Perinatal anemia may cause perinatal asphyxia. 
Its pathophysiology and neurodevelopmental effects are 
theoretically different from other causes of perinatal asphyx-
ia. Objective: The study aimed to determine whether perina-
tal anemia results in different short-term and long-term out-
comes than other causes of perinatal asphyxia treated with 
therapeutic hypothermia. Methods: We retrospectively in-
cluded infants with moderate to severe hypoxic-ischemic en-
cephalopathy, born between May 2009 and October 2015. 
During follow-up, we assessed cognitive and motor develop-
ment at 2–3 years of age, using the Bayley Scales of Infant and 
Toddler Development, third edition (BSID-III). Neurodevelop-
mental outcome (NDO) was classified as abnormal in case of 
cerebral palsy with Gross Motor Function Classification Sys-
tem ≥III and/or a BSID-III composite score < 85. Outcomes of 
infants with perinatal anemia (initial hemoglobin < 7 mmol/L) 
were compared to infants born with perinatal asphyxia due 
to other causes. Results: In total, 111 infants were included 

of whom 30 infants (27%) died during the neonatal period. 
Infants with anemia (n = 23) had a higher mortality risk, OR 
3.33, 95% CI 1.27–8.72, p = 0.01. None of the surviving infants 
with anemia (n = 12) had an abnormal NDO, in contrast to 
26/69 (38%) with neurodevelopmental impairments, partic-
ularly motor problems, in the non-anemic group, p < 0.01. 
Conclusions: Perinatal anemia causing moderate to severe 
perinatal asphyxia is associated with a higher risk for neona-
tal mortality. All survivors with perinatal anemia, however, 
showed a normal NDO in contrast to children who were born 
asphyxiated due to other causes. The underlying pathophys-
iological mechanism for the favorable NDO in the perinatal 
anemia group needs further elucidation.

© 2018 The Author(s) 
Published by S. Karger AG, Basel

Introduction

In case of asphyxia, generally a combination of hypox-
ia or hypoxemia and/or reduced blood 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 mod-

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.
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erate 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 im-
pairments [2]. In term neonates affected by hypoxic-isch-
emic encephalopathy (HIE) due to birth asphyxia, thera-
peutic hypothermia (TH) reduces the risk of death or se-
vere neurological sequelae [3].

One of the causes of moderate to severe perinatal as-
phyxia is perinatal anemia, mostly due to excessive blood 
loss. Earlier research demonstrated that a lower level of 
initial hemoglobin (Hb) was a significant prognostic fac-
tor for abnormal neurodevelopmental outcome (NDO) 
in severely anemic asphyxiated infants [4].

After TH has been introduced, no studies on short-
term and long-term outcomes are available that distin-
guish perinatal anemia from other causes for moderate to 
severe perinatal asphyxia. Based on a small number of pre-
vious 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.

Methods

Participants and Clinical Parameters
This was a retrospective cohort study, performed at the Univer-

sity Medical Center Groningen. The Medical Ethics Review Board 
of the University Medical Center Groningen approved this study. 
All infants, both inborn and outborn, that were diagnosed with 
moderate/severe perinatal asphyxia and treated with TH at our 
neonatal intensive care unit between May 2009 and October 2015, 
were included.

Perinatal asphyxia was clinically defined as an Apgar score (AS) 
of 5 or less at 5 min postpartum, either resuscitation/invasive ven-
tilation for more than 10 min, or umbilical cord pH < 7.0 and base 
deficit > 16 mmol/L, or lactate > 10.0 mmol/L. The attending neo-
natologist used the Thompson score to determine the severity of 
HIE. A score above 7 was considered as moderate to severe HIE 
and was used as cut-off value to start TH [5]. In case of an abnor-
mal background pattern of the amplitude-integrated electroen-
cephalography (aEEG), TH was also initiated.

Clinical data that we obtained from the infants’ medical records 
included ASs, gestational age, birth weight, first Hb postpartum 
and Hb 24 h postpartum, aEEG background patterns during TH, 
cerebral ultrasound, and MRI. Cerebral injury was determined on 
ultrasound and MRI. Cerebral ultrasound was considered abnor-
mal in case of moderate to severe abnormalities (intraventricular/
periventricular hemorrhage grade 3–4, slit-like ventricles). MRI 
scans were assessed using the scoring system developed by Van 
Rooij et al. [6]. More extensive injury resulted in higher scores. The 
aEEG background patterns and EEG recordings were scored as 
normal (continuous normal voltage), mildly abnormal (discon-
tinuous normal voltage, mildly epileptiform), or severely abnor-
mal (burst suppression, continuous low voltage, flat trace, severely 
epileptiform) [7, 8]. 

We defined perinatal anemia as a Hb value below 7 mmol/L 
directly postpartum and/or 24 h after birth to account for acute 
perinatal blood loss that had not resulted in measurable ane-
mia directly after birth. This cut-off value was chosen for practi-
cal reasons, as it was similar to the transfusion threshold of 
7 mmol/L (11.3 g/dL) in our local protocol, which was adapt-
ed from our national guideline [9]. An Hb value of 7.0 mmol/L 
is more than 3 SDs below the mean, according to the refer-
ence values published in 1971 [10]. Next, we categorized the in-
fants into 2 groups, those with perinatal anemia and those with-
out (non-anemic). To assess the influence of perinatal anemia 
on neonatal outcome and on the child’s neurodevelopment, 
we first compared the group of infants with perinatal anemia to 
the non-anemic group. Second, we investigated the effect of 
Hb value on NDO for the whole group, and for the 2 groups 
separately.

Long-Term Follow-Up
All infants who underwent TH and who survived were rou-

tinely tested at 2–3 years of age using the Bayley Scales of Infant 
and Toddler Development, third edition (BSID-III). The BSID-III 
assessment is a valid and commonly used tool, which examines the 
cognitive, language (receptive and expressive), and motor (gross 
and fine motor) abilities of children during infancy [11]. Cognitive 
and motor composite scores were determined. The standardized 
norm for each of the scales is 100, SD 15. We classified NDO as 
normal with BSID-III composite scores of ≥85, and abnormal with 
a composite score < 85. 

Children diagnosed with cerebral palsy (Gross Motor Function 
Classification System ≥III) or severe psychomotor retardation, 
were not invited for follow-up testing. They were classified as ab-
normal, based on information in their medical records.

Additionally, parents completed the Child Behavior Checklist 
(CBCL), a 100-item parent report that identifies behavioral prob-
lems of preschool children [12]. The items are converted into syn-
drome scale scores, from which internalizing and externalizing T-
scores can be derived. The higher the T-scores, the more behav-
ioral problems. Following the CBCL manual, we classified T-scores 
above 60 as borderline behavioral problems, above 63 as behav-
ioral problems in the clinical range. 

Statistical Analysis
We used IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, 

USA) for statistical analyses. Patient characteristics were described 
as mean, SD or as median, interquartile range (IQR). The chi-
square test was used to analyze the differences between groups. 
Next, we calculated ORs, including 95% CIs for outcome. To adjust 
for potential confounders, we considered various parameters to 
include in multiple regression models, including AS at 5 min, 
Thompson score, pH 1-h after birth, lactate concentration 1-h af-
ter birth, and postnatal age at start of active TH. We first checked 
whether these parameters were interrelated, because of multicol-
linearity, using Spearman’s Rank Correlation test, in order to select 
the appropriate factors for potential inclusion in the multiple re-
gression models. Of them, those factors that were univariately as-
sociated with mortality and NDO at p < 0.20 were included in the 
multiple regression models. We also performed linear regression 
analyses to test whether Hb values were predictive for BSID-III 
composite scores. p < 0.05 was considered to be statistically sig-
nificant.
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Results

Clinical Data
Of 122 eligible infants, we included 111 infants with a 

median gestational age of 39.86 weeks, IQR (38.29–
40.86). Four infants were excluded because of chromo-
somal abnormalities and 7 infants were lost to follow-up 
(Fig. 1). 

The most frequent causes for perinatal asphyxia were 
prolonged labor (25%), problems related to the umbilical 
cord (17%), and placental abruption (14%). In 22% of the 
cases, no etiology could be identified. We identified peri-
natal anemia in 23 infants (21%), resulting in a range of 
initial Hb between 1.5 and 8.0 mmol/L. Within this group, 
the most common causes were 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% in the 
non-anemic group. Median AS and first pH postpar-
tum were lower in anemic infants, but median Thomp-
son scores and initial lactate concentrations did not dif-
fer between groups. Active TH was started at median 
postnatal age of 4 h and 30 min. Brain MRI was per-
formed at a median postnatal age of 7 days, IQR (6–8). 
MRI data was not available in 12 infants (11%). Four 
of them died before MRI could be performed, and in 8 
cases, MRI was clinically deemed 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.

Neonatal Outcome
Thirty infants (27%) died. Infants with anemia had 

a higher risk for mortality (48 vs. 22%), OR 3.33, 95% 
CI 1.27–8.72, p = 0.01. After adjustment for potential 
confounders, AS 5th min and lactate 1 h after birth, the 
OR was 1.96, 95% CI 0.63–6.11, p = 0.25. The extent of 
brain injury was investigated with the use of aEEG, 
EEG, and MRI. In those infants in whom MRI was per-
formed, the degree of cerebral injury did not differ be-
tween groups (Table 1). Twenty-four infants died fol-
lowing a decision to redirect care due to the expected 
very poor prognosis based on clinical condition, MRI, 
and aEEG. Of those, 8 (33%) had perinatal anemia. 
There was no difference in postnatal day of redirection 
of care or in the information on which we based the 
decision (Table 2).

Neurodevelopmental Outcome
At a median age of 25 months (IQR 24–30), the BSID-

III was performed in 75 children. All survivors in the se-
vere perinatal anemia group (n = 12) had a normal out-
come, whereas 26 (38%) of the other patients had neuro-
developmental impairments at 2–3 years of age, p < 0.01 
(Table 2). The BSID-III cognitive composite scores were 
comparable between the groups, while motor composite 

Congenital or chromosomal abnormalities
- Trisomy 18 (1)
- CHARGE syndrome (1)
- Malformation of cortical development (1)
- Trisomy 21 (1)

Infants with perinatal asphyxia,
treated with

therapeutic hypothermia
(n = 122)

Lost to follow-up (7)

No major congenital or
chromosomal abnormalities

(n = 118)

Inclusion
(n = 111)

Perinatal
anemia
(n = 23)

Non-anemic
infants
(n = 88)

Fig. 1. Flowchart inclusion and exclusion 
of the study population. Perinatal anemia 
was defined as a hemoglobin (Hb) value 
below 7 mmol/L (11.3 mg/dL) directly after 
birth and/or 24 h after birth.
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Table 1. Patient characteristics

Perinatal anemia (n = 23) Non-anemic (n = 88) p value

Gestational age, weeks 39.0 (37.4–40.3) 40.0 (38.4–41.0) 0.11
Birth weight, g

SGA
LGA

3,400 (2,960–3,750)
1 (4)
2 (9)

3,200 (2,816–3,664)
14 (16)
11 (13)

0.53
0.19
1.00

Gender, male 11 (48) 45 (51) 0.82
Multiple birth 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
1 h 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
Lactate 1 h pp, mmol/L 15.4 (9.9–21.0) 13.8 (8.8–17.7) 0.36
Thompson score 11 (10–15) 11 (8–15) 0.60
Hb pp, mmol/L 5.9 (4.3–6.8) 10.4 (9.6–11.6) <0.01
Hb 24 h pp, mmol/L 7.8 (6.5–8.9) 10.3 (8.5–11.2) <0.01
Ht pp, L/L 0.30 (0.27–0.37) 0.49 (0.43–0.55) <0.01
Reticulocyte, % 31 (24–44)
Reticulocyte, 109/L 110 (100–135)
Erythroblasts, 109/L 2.4 (1.1–5.0)
RBC transfusion during first 24 h pp 22 (96) 11 (13) <0.01

RBC volume, mL/kg/24 h 27 (20–33) 15 (11–16) <0.01
Mean ASAT during TH 178 (75–648) 103 (68–206) 0.06
Mean ALAT during TH 74 (21–241) 42 (20–97) 0.14
Serum creatinine during TH 85 (60–122) 67 (56–83) 0.01
aEEG performed 

Mildly abnormala
Severely abnormala

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

Ultrasound performed
Abnormal

22 (96)
10 (43)

85 (97)
25 (28) 0.15

MRI performed
Total MRI scoreb

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

Survival 12 (52) 69 (78) 0.01
BSID-III performed 12 (100) 63 (91)
CBCL performed 10 (83) 52 (75)

Data are presented as median (interquartile range) or as n (%). 
SGA, small for gestational age (<p10); LGA, large for gestational age (>p90); TH, therapeutic hypothermia; Hb, hemoglobin; Ht, he-

matocrit; pp, postpartum; RBC, red blood cell; aEEG, amplitude-integrated electroencephalography; BSID-III, Bayley Scales of Infant 
and Toddler Development (3rd edition); CBCL, Child Behavior Checklist; BG and T, basal ganglia and thalamus; WA, watershed areas; 
PLIC, posterior limb of internal capsule.

a A mildly or severely abnormal background pattern at some point during therapeutic hypothermia. 
b Total MRI score based on the scoring system developed by van Rooij et al. [6]. 
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scores were higher in the perinatal anemia group. We 
found no differences between groups in T-scores for be-
havioral problems (Table 2). 

Hb Values and Outcome
In Table 3, we present ORs of initial Hb values and 

various potential confounders for adverse outcome, mor-
tality, and abnormal NDO. After checking several vari-
ables on multicollinearity, we identified AS 5th min, lac-
tate 1 h after birth, and postnatal age at start TH as ap-
propriate 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 (that is mortality and ab-
normal NDO), neither in univariate analyses, nor after 
adjustment for confounders (Table 3). When including 
only the 81 surviving infants in the analyses, higher initial 
Hb values increased the risk of abnormal NDO, which 
remained after adjustment for confounders, with OR 
1.54, 95% CI 1.14–2.07. 

When we repeated the analyses in the 2 groups sepa-
rately, ORs of Hb values for adverse outcomes and mor-
tality differed considerably between anemic and non-
anemic infants (Table 3). In anemic infants, initial Hb 

values were not associated with increased or decreased 
risk of adverse outcomes, but in non-anemic infants, 
higher initial Hb values increased the risk of adverse out-
comes with OR 1.39, 95% CI 1.03–1.86, after adjustment 
for confounders. In the 69 non-anemic survivors, higher 
initial Hb values also increased the risk of NDO with OR 
1.35, 95% CI 0.95–1.92, but here the association just failed 
to reach significance. 

Table 4 shows that initial Hb values were not signifi-
cantly associated with cognitive composite scores or with 
CBCL results. Lower initial Hb values after birth resulted 
in better motor composite scores. In the non-anemic in-
fants, we found a significant association between lower 
initial Hb and higher cognitive and motor composition 
scores.

Discussion

In this study, we demonstrate a higher risk for neona-
tal mortality in asphyxiated infants born with perinatal 
anemia. At the age of 2–3 years, however, survivors of 
perinatal anemia showed better NDOs than children who 
had perinatal asphyxia due to other causes. The degree of 

Table 2. Neonatal and neurodevelopmental outcomes

Perinatal anemia Non-anemic p value

Neonatal outcome, n
Outcome

Survival 
Survival without disabilities

23

12 (52)
12 (52)

88

69 (78)
43 (49)

<0.01
<0.82

Redirection of care
Postnatal day redirection of care
Decision based only on aEEG and clinical condition

8 (73)
6 (3–9)
5 (63)

16 (84)
6 (3–8)
7 (44)

<0.64
<0.70
<0.67

Neurodevelopmental outcome
BSID-III, n

Normal
Abnormal 
Cognitive composite score
Motor composite score

12
12 (100)

0 (0)
100±10
104±11

69
43 (62)
26 (38)

100±12
95±15

<0.01
<0.01
<0.98
<0.02

CBCL, n
Normal 
Subclinical
Clinical 

10
8 (80)
1 (10)
1 (10)

52
47 (90)

3 (6)
2 (4)

<0.61

Internalizing T-score
Externalizing T-score

43±7
45±11

44±10
48±9

<0.53
<0.45

Data are presented as n (%), median (IQR) or as mean ± SD.
Hb, hemoglobin; aEEG, amplitude-integrated electroencephalography; BSID-III, Bayley Scales of Infant and 

Toddler Development (3rd edition); CBCL, child behavior checklist.
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anemia was not predictive for NDO during infancy in 
anemic born infants. 

A similar association between perinatal anemia and 
high neonatal mortality was found in 2 previous studies. 
In a study performed between 2000 and 2011, 18 (37%) 

severely anemic patients died within 72 h after birth [13]. 
Muraskas et al. [14] also reported higher mortality rates 
in infants with perinatal anemia leading to birth asphyxia. 
They suggested that a marked reduction of blood flow to 
organs that are not essential for immediate survival had 

Table 3. ORs (95% CI) of various risk factors in relation to neonatal and neurodevelopmental outcomes, using 
univariate and multiple regression analyses

All infants Perinatal anemia Non-anemic

Adverse outcome, na 111 23 88
Univariate regression analysis

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 1 h 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)
Multiple regression analysis

Hb pp, mmol/L 1.11 (0.96–1.29) 0.90 (0.53–1.53) 1.39 (1.03–1.86)*

Mortality, n 111 23 88
Univariate regression analysis

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 1 h 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)

Multiple regression analysis
Hb pp, mmol/L 0.97 (0.81–1.15) 0.88 (0.51–1.53) 1.34 (0.91–1.96)

Abnormal NDO, n 81 b 69
Univariate regression analysis

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 1 h 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)

Multiple regression analysis
Hb pp, mmol/L 1.54 (1.13–2.10)* 1.35 (0.95–1.92)

 * p < 0.05; # p < 0.20.
a Adverse outcome indicates death or abnormal neurodevelopmental outcome.
b No infants with perinatal anemia had an abnormal NDO. Therefore, we did not perform separate logistic regres-

sion analyses for abnormal NDO in anemic infants.
NDO, neurodevelopmental outcome; Hb, hemoglobin; pp, postpartum; PNA, postnatal age; TH, therapeutic hypo-

thermia.

Table 4. Relation between initial hemoglobin values after birth and BSID-III scores and CBCL T-scores, present-
ed as B (95% CI), in all surviving infants, and in surviving infants with and without perinatal anemia

All survivors (n = 75)a Perinatal anemia (n = 12) Non-anemic (n = 63)a

Cognitive composite score –0.84 (–2.00 to 0.32) –2.18 (–3.24 to 7.60) –2.24 (–4.03 to –0.44)*
Motor composite score –2.05 (–3.45 to –0.65)* –2.89 (–2.63 to 8.42) –2.75 (–4.99 to –0.50)*
CBCL score –0.76 (–0.28 to 1.80) –2.29 (–7.12 to 2.54) –0.79 (–0.85 to 2.43)

* p < 0.05.
a A total of 6 children were not testable regarding BSID-III.
BSID-III, Bayley Scales of Infant and Toddler Development (3rd edition); CBCL, child behavior checklist; B, un-

standardized coefficient. 
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resulted in 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, attenuat-
ing the response to appropriate resuscitation. Lower AS 
and the more frequent need for cardiac resuscitation sug-
gested a poorer condition after birth in the anemic group.

This higher mortality rate might be due to a difference 
in pathophysiology of injury between groups. Perinatal 
anemia leading to HIE might result in a more obvious 
pattern of caused injury than other causes for perinatal 
asphyxia. A possible explanation for the more clearly se-
vere brain injury might be the length of the hypoxic-isch-
emic incident. Severe perinatal bleeding is an acute seri-
ous 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 neuroprotec-
tion. Although, early initiation of TH might also be asso-
ciated with a higher mortality rate in anemic infants. Peri-
natal anemia may thus lead to a clearer picture of the 
prognosis, which may affect the decision-making regard-
ing expected serious long-term sequelae. In our patient 
population, however, we were not able to confirm these 
differences in neuroimaging or in decision-making.

In our cohort, survivors of perinatal anemia showed 
favorable NDOs at an age of 2–3 years. Kadooka et al. [4], 
however, previously demonstrated that severe anemia at 
birth resulted in more neurological sequelae. Infants in 
their study were not treated with TH though, which is 
known to significantly improve the outcome of asphyxi-
ated infants [15]. Moreover, they did not report their rate 
of mortality, which may also have accounted for differ-
ences between their and our results. In line with our re-
sults, Zonnenberg et al. [13] showed normal NDOs in all 
surviving infants born with anemia and they suggested 
that neonatal anemia itself did not significantly affect the 
long-term outcome. Neurodevelopmental tests, however, 
were not routinely performed in their study.

The higher BSID-III scores might be explained by sev-
eral theories. First, the inflammatory response following 
perinatal asphyxia highly contributes to post-HIE injury 
[16]. Following an acute, short hypoxic-ischemic inci-
dent, the inflammatory cascade might be less activated, 
but 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]. 

Third, the cut-off value of 7 mmol/L that we chose to 
define perinatal anemia may also account for these posi-
tive 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 ane-
mia. An initial lower Hb concentration in severely anemic 
infants might result in higher risks for an adverse out-
come. This association was not significant though, pos-
sibly due to the small sample size. On the contrary, lower 
Hb concentrations in the other group show a marked de-
crease for adverse outcome. Slightly lower Hb concentra-
tions may improve organ perfusion by resulting in lower 
blood viscosity, which may in turn lead to an improved 
blood flow during hypoxia and hypoxemia, particularly in 
the cerebral microcirculation. This is a process similar to 
shock resuscitation in trauma care where they found a sig-
nificant benefit in managing the blood viscosity, rather 
than the need to restore the oxygen carrying capacity [18]. 
A higher viscosity might also lead to worse aEEG patterns 
or more MRI abnormalities. We were, however, not able 
to confirm this in our study. Of note, none of our infants 
had abnormally high Hb values. Further studies are re-
quired to investigate the associations between Hb values, 
aEEG patterns, and MRI findings. 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 associa-
tions between Hb concentrations and outcomes in the 2 
groups, our results may reflect that infants with an Hb 
concentration postpartum around 7 mmol/L are in favor 
of positive outcomes following perinatal asphyxia. 

We found significant associations between lower Hb 
concentrations and higher BSID-III motor composite 
scores in all surviving infants, but not for cognitive com-
posite 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 externaliz-
ing behavioral problems. Behavioral outcomes of asphyx-
iated neonates have received little attention. Van Handel 
et al. [19] reported that children following HIE are at risk 
for behavioral problems, but their scores are mostly in the 
average range. Using questionnaires may also have ac-
counted for not finding differences due to possible paren-
tal underestimation [20].

The present study has several limitations. First, be-
cause of the retrospective design, some information was 
limited in cases where parameters were not routinely de-
termined. Second, we checked whether decisions regard-
ing redirection of care differed between children with and 
without anemia, but were not able to find any differences. 
It is therefore not likely that redirection of care had influ-
enced our results, but, being a retrospective study, we 
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cannot fully exclude this 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 clini-
cal etiologies of anemia may have had its own pathophys-
iological relation with outcome. The small sample size 
hampered us from performing subgroup analyses. Final-
ly, the other causes for perinatal asphyxia include various 
etiologies for HIE. This may have caused 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 peri-
natal anemia remains associated with higher mortality 
rates compared to other causes of moderate to severe 
perinatal asphyxia. The anemic surviving infants, how-
ever, showed better NDOs during infancy compared to 

survivors without anemia. Furthermore, Hb concentra-
tions may influence survival following HIE. This associa-
tion between low and high Hb values after birth was strik-
ing and needs to be further elucidated. 

Prospective studies with longer follow-up periods are 
needed to understand the pathophysiological differences 
and to identify possible interventions to improve neona-
tal care for these high-risk infants.
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