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Abstract
Background Prematurity is associated with increased risk for morbidity and mortality. Aim of this study was to 
evaluate whether cerebral oxygenation during fetal-to-neonatal transition period was associated with long-term 
outcome in very preterm neonates.

Methods Preterm neonates ≤ 32 weeks of gestation and/or ≤ 1500 g with measurements of cerebral regional oxygen 
saturation (crSO2) and cerebral fractional tissue oxygen extraction (cFTOE) within the first 15 min after birth were 
analysed retrospectively. Arterial oxygen saturation (SpO2) and heart rate (HR) were measured with pulse oximetry. 
Long-term outcome was assessed at two years using “Bayley Scales of Infant Development” (BSID-II/III). Included 
preterm neonates were stratified into two groups: adverse outcome group (BSID-III ≤ 70 or testing not possible due 
to severe cognitive impairment or mortality) or favorable outcome group (BSID-III > 70). As the association between 
gestational age and long-term outcome is well known, correction for gestational age might disguise the potential 
association between crSO2 and neurodevelopmental impairment. Therefore, due to an explorative approach the two 
groups were compared without correction for gestational age.

Results Forty-two preterm neonates were included: adverse outcome group n = 13; favorable outcome group n = 29. 
Median(IQR) gestational age and birth weight were 24.8 weeks (24.2–29.8) and 760 g (670–1054) in adverse outcome 
group and 30.6 weeks (28.1–32.0) (p = 0.009*) and 1250 g (972–1390) (p = 0.001*) in the favorable outcome group, 
respectively. crSO2 was lower (significant in 10 out of 14 min) and cFTOE higher in adverse outcome group. There 
were no difference in SpO2, HR and fraction of inspired oxygen (FiO2), except for FiO2 in minute 11, with higher FiO2 in 
the adverse outcome group.

Conclusion Preterm neonates with adverse outcome had beside lower gestational age also a lower crSO2 during 
immediate fetal-to-neonatal transition when compared to preterm neonates with age appropriate outcome. Lower 
gestational age in the adverse outcome group would suggest beside lower crSO2 also lower SpO2 and HR in this 
group, which were however similar in both groups.
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Introduction
Prematurity is associated with higher risk of adverse 
short- and long-term outcome, including cerebral palsy 
with a rate between 5 and 10% and a mortality rate of 
10–15% in high-income countries [1, 2]. Short-term mor-
bidities and mortality describe adverse events that occur 
before a corrected age of 40 weeks of gestation or before 
discharge [3]. Severe short term morbidities are often 
described as cerebral injury (intraventricular haemor-
rhage [IVH], periventricular haemorrhage [PVH], peri-
ventricular leukomalacia [PVL]), bronchopulmonary 
dysplasia (BPD), abdominal morbidities (necrotizing 
enterocolitis [NEC], intestinal perforation and/or need 
for surgical treatment), retinopathy of prematurity (ROP) 
and infection/sepsis (early onset sepsis [EOS], late onset 
sepsis [LOS]).

Premature birth is also associated with poor long-
term outcome including impaired neuro-development, 
visual disorder and increased risk for chronic disease 
in adulthood [4]. Long-term outcome in preterm neo-
nates is commonly assessed at a corrected age of two 
years, using assessment tools including the neurodevel-
opmental test “Bayley Scales of Infant Development III” 
(BSID III) [5]. The most common morbidities leading 
to lifelong neurodevelopmental disability are IVH, PVH 
and PVL [3]. It has already been described that preterm 
neonates who develop IVH have lower cerebral regional 
oxygen saturation (crSO2), measured by near-infrared 
spectroscopy (NIRS) already during immediate fetal-to-
neonatal transition compared to neonates without IVH 
[6]. After the immediate transition, Alderliesten et al. [7] 
observed cerebral hyperperfusion, by monitoring crSO2 
and cerebral fractional tissue oxygen extraction (cFTOE) 
values before the development of severe peri-/intraven-
tricular haemorrhages with a decrease in crSO2 values 
afterwards.

Verhagen et al. [8] investigated the association between 
crSO2 within the first 15 days after birth and long-term 
outcome, assessed at a corrected age between two to 
three years using BSID III in preterm neonates. They 
observed a significant correlation between lower crSO2 
within the first 15 days after birth and impaired cogni-
tive development. Alderliesten et al. investigated whether 
high and low levels of crSO2 measured during the first 
72 h after birth were associated with adverse long-term 
outcome in preterm neonates. An association between 
crSO2 values less than 55% within the first three days 
after birth and neurodevelopmental impairement has 
been described [9]. Pichler et al. already demonstrated 

that monitoring of crSO2 during the fetal-to-neonatal 
transition to guide respiratory support reduces the bur-
den of cerebral hypoxia in preterm neonates [10].

Hence, the primary aim of the present study was to 
evaluate whether differences in crSO2 and cFTOE dur-
ing the fetal-to-neonatal transition, within the first 
15  min after birth, are associated with poor long-term 
outcome (mortality, survival with severe morbidity) at 
a corrected age of two years, evaluated by Bayley Scales 
of Infant and Toddler. Secondary aim was to analyse in 
addition short-term outcome at term-equivalent age/ 
time-point of discharge home. We hypothesise that lower 
crSO2 (and consecutively higher cFTOE values) within 
the first 15 min after birth were associated with impaired 
neurodevelopment.

Materials and methods
Design
A retrospective explorative single-center study was per-
formed at the Division of Neonatology, Department of 
Pediatrics and Adolescent Medicine, Medical Univer-
sity of Graz, Austria. This study was approved by the 
Regional Committee on Biomedical Research Ethics 
(EC number: 33–561 ex 20/21) and was carried out in 
accordance with The Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki) [11]. Data of 
preterm neonates, who had been included in prospec-
tive NIRS studies [10, 12–14] at the Division of Neona-
tology Graz, between March 2010 and June 2018, were 
analysed. For these prospective studies, written parental 
consent had been obtained prior to birth and inclusion in 
the studies. All of these studies had been approved by the 
Regional Committee on Biomedical Research Ethic (EC 
numbers: 23–302 ex 10/11, 25–592 ex 12/13, 27–465 ex 
14/15, 25–342 ex 12/13, 23–403 ex 10/11).

Inclusion and exclusion criteria
In the present retrospective analysis, preterm neo-
nates with a gestational age ≤ 32 weeks and/or a birth 
weight ≤ 1500  g and available long-term outcome data 
were included. Data of long-term neurodevelopmental 
outcome included a clinical examination and, in addi-
tion, a Bayley Scales of Infant and Toddler Development 
(BSID) at a corrected age of two years, if feasible. Further-
more, included preterm neonates of this present retro-
spective study, had to be included in former prospective 
NIRS studies with measurements of cerebral oxygenation 
within the first 15  min after birth and with decision to 
conduct full life support according to the local guidelines. 

Keywords Preterm infant 1, Near-infrared spectroscopy 2, Cerebral regional oxygen saturation (crSO2) 3, Fetal-
to-neonatal transition 4, Morbidity 5, Mortality 6, Short-term outcome 7, Long-term outcome 8, BSID III 9, 
Neurodevelopmental disability 10



Page 3 of 11Wolfsberger et al. BMC Pediatrics          (2023) 23:145 

In the present retrospective analysis, we excluded pre-
term neonates if less than 50% of cerebral NIRS data dur-
ing the first 15 min after birth were available, those with 
severe congenital malformations and those with lost to 
follow-up.

Bayley scales of infant and toddler development
BSID was assessed at a corrected age of two years by 
trained assessors (psychologists). From 2010 to 2013 the 
BSID II and from 2014 to 2018 the BSID III were used. 
The results of the BSID II were converted to the cognitive 
scale assessed by BSID III using the following formula 
[15]: BSID III cognitive score = (0.59 * BSID II Mental 
Development Index) + 52. Further, BSID III motor scales 
were documented.

Groups
The included preterm neonates were stratified into two 
groups according to their long-term outcome at a cor-
rected age of two years. Preterm neonates who died 
or survived with severe disability were stratified to the 
adverse outcome group. Severe disability was defined as 
a cognitive BSID III score ≤ 70 or the inability to perform 
BSID III testing due to severe cognitive disability. Pre-
term neonates who survived without severe disability, 
defined as cognitive BSID III scores > 70, were stratified 
to the favorable outcome group.

Outcomes
The primary outcome parameter was cerebral oxygen-
ation (crSO2 and cFTOE) measured with NIRS during 
the first 15  min after birth. Secondary outcome param-
eters were mortality (including age in days at death, 
causes for mortality) and short-term morbidity at term-
equivalent age/ time-point of discharge home. Mor-
bidities were cerebral injuries (IVH, PVL), pulmonary 
morbidities (BPD, pneumothorax), abdominal morbidi-
ties (NEC, spontaneous intestinal perforation (SIP), need 
for abdominal surgery), ROP and sepsis. Cerebral inju-
ries, any grades of IVH and/or cystic PVL, were assessed 
by routinely performed cerebral ultrasound. BPD was 
defined as oxygen dependency or need of respiratory 
support at 36 weeks corrected age. NEC needing surgi-
cal intervention and any grade of ROP were documented. 
Provided medication (catecholamines, surfactant) and 
respiratory support (invasive, non-invasive) during initial 
resuscitation and provided medication (catecholamines, 
hydrocortisone, betamethasone) and respiratory support 
(invasive, non-invasive) during the hospital stay were 
assessed and analysed.

Monitoring and postnatal management during the 
prospective observational studies [10, 12–14]
The antepartum medical history and demographic data 
(gestational age, birth weight, gender, Apgar scores, pH of 
umbilical artery, mode of delivery and causes of preterm 
birth) of the preterm neonates were documented. A stop-
watch was started when the neonate was fully delivered. 
Cord clamping was routinely delayed for 30 s after birth. 
Immediately after the cord was clamped, the preterm 
neonate was placed under an overhead heater in supine 
position, dried, wrapped in warm towels and/or plastic 
bags according to gestational age. Initial postnatal resus-
citation, respiratory support (continuous positive airway 
pressure [CPAP], positive pressure ventilation [PPV] or 
intubation) and cardio-pulmonary resuscitation were 
performed according to the latest guidelines [16, 17]. Pro-
vided medical and respiratory support were documented. 
Measurements of cerebral oxygenation using NIRS were 
performed immediately after birth under standardized 
conditions. NIRS measurements were performed using 
the INVOS 5100  C Cerebral/Somatic Oximeter Moni-
tor (Medtronic, Minneapolis, U.S.A.) with a neonatal 
transducer. After the forehead of the preterm neonate 
was gently cleaned to remove blood, vernix and amniotic 
fluid, the NIRS sensor was fixed on the left fronto-pari-
etal head using an elastic bandage or a modified CPAP 
cap. cFTOE provides information on the oxygen extrac-
tion of the tissue in dependence of arterial oxygen satu-
ration (SpO2) and was calculated out of SpO2 and crSO2 
for each minute: cFTOE = (SpO2-crSO2)/SpO2, provid-
ing information on the oxygen extraction of the tissue in 
dependence of SpO2.

SpO2 and HR were monitored non-invasively using 
pulse oximetry (IntelliVue MP30 monitor, Koninkli-
jke Philips, Amsterdam, The Netherlands) applied on 
the right hand or wrist. Mean arterial blood pressure 
in minute 15 after birth was measured using a neona-
tal pneumatic cuff, applied on the left upper arm (Intel-
liVue MP30 monitor; Koninklijke Philips, Amsterdam, 
The Netherlands). All variables were stored continuously 
during the first 15 min after birth in a multichannel sys-
tem (alpha-trace digital MM, B.E.S.T. Medical Systems, 
Vienna, Austria) for subsequent analysis. SpO2 and HR 
values were stored every second, whereby the sample rate 
of crSO2 was 8 s (0.13 Hz).

Statistical analysis
The patients were divided in two groups, based on their 
long-term outcome. Patient characteristics are presented 
ad median (IQR) or n (%) and compared between groups 
using t-test or Mann-Whitney- U-test for continuous 
variables and chi-square test or Fisher’s exact test for cat-
egorical variables. Courses of crSO2, cFTOE, SpO2, HR, 
and fraction of inspired oxygen (FiO2) were investigated 
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in an explorative sense within the first 15 min after birth 
using linear mixed model with a first-order autoregres-
sive covariance structure with fixed effect time and 
group. For visualization of the results, estimated means 
and 95% confidence intervals for the means are pre-
sented. Post hoc analysis of differences between groups 
for each minute were performed. P-value < 0.05 was con-
sidered statistically significant.

Due to the retreospective analyses in an explorative 
way and due to the expected low sample size no cor-
rection for multiple testing and mulitvariate regression 
analyses were planned. Statistical analysis was performed 
using the software SPSS 26.0 (IBM Cooperation, Chi-
cago, IL, USA).

Results
Between March 2010 and June 2018, 88 preterm neo-
nates with a gestational age of ≤ 32 weeks and/or a birth 
weight ≤ 1500  g were included in the above described 
prospective NIRS studies. In eighteen preterm neonates 
less than 50% of NIRS data were available and we, there-
fore, excluded them from further analysis. One further 
preterm neonate had to be excluded due to a severe cere-
bral malformation. Twenty-seven preterm neonates were 
excluded, as no long-term outcome data due to a lost to 
follow-up were available. Thus, a total of 42 preterm neo-
nates, with a presence of cerebral NIRS measurements 
and BSID testing at a corrected age of two years, were 
included in our retrospective analysis. Thirteen neonates 
had an adverse outcome (death or severe disability) and 
were allocated to the adverse outcome group. Twenty-
nine neonates were allocated to the favorable outcome 
group according their long-term outcome (Fig.  1, study 
flow chart).

Causes for preterm birth were pre-eclampsia (adverse 
outcome group: n = 1; favorable outcome group: n = 8; 
p = 0.232), amniotic infection (n = 2; n = 2; p = 0.576), pre-
term labour (n = 6; n = 6; p = 0.141), amniotic sac prolapse 
(n = 5; n = 1; p = 0.007*), multiples (n = 3; n = 10; p = 0.719), 
placental abruption (n = 1; n = 1; p = 0.528), pathologi-
cal CTG (n = 1; n = 1; p = 0.528), and intrauterine growth 
restriction (n = 4; n = 12; p = 0.733).

Demographic and clinical data of the included pre-
term neonates are presented in Table  1. Preterm neo-
nates of the adverse outcome group had a significantly 

Table 1 Demographic and clinical data during the first 24 h after 
birth of 13 preterm neonates in the adverse outcome group and 
29 preterm neonates of the favorable outcome group. Data are 
presented as n(%) and median (IQR)

Adverse out-
come group
n = 13

Favorable out-
come group 
n = 29

p-value

Demographic data
Gestational age 
(weeks)

24.8 (24.2-29.8) 30.6 (28.1-32.0) 0.009*

Birth weight 
(grams)

760 (670-1054) 1250 (972-1390) 0.001*

Female (n%) 4 (30.8) 15 (51.7) 0.207

Apgar 1 7 (5-8) 8 (7-8) 0.136

Apgar 5 8 (6-9) 9 (8-9) 0.204

Apgar 10 9 (8-9) 9 (9-9) 0.268

pH of umbilical 
artery

7.34 (7.27-7.38) 7.31 (7.29-7.33) 0.719

MAD1 (mmHg2) 37 (26-41) 39 (33-49) 0.122

Respiratory support during the first day after birth
Surfactant 8 (61.5%) 13 (44.8%) 0.317

Invasive respiratory 
support

7 (53.8%) 7 (24.1%) 0.082

Abbreviations: 1MAD = mean arterial blood pressure, 2mmHg = millimeters of 
mercury, * statistically significant p = < 0.05

Fig. 1 Study flow chart of the included preterm neonates
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lower gestational age (24.8 [24.2–29.8]weeks of gestation) 
compared to preterm neonates of the favorable outcome 
group (30.6 [28.1–32.0]weeks of gestation) (p = 0.009*). In 
both groups, the preterm neonates were appropriate for 
age. One neonate in the adverse outcome group received 
chest compressions, but none of the neonates received 
catecholamines during the first 15 min after birth.

Mortality
In the adverse outcome group five preterm neonates died 
(38%). Two suffered from severe cerebral haemorrhage, 
in both cases IVH III and PVH. One preterm neonate 
died due to severe respiratory insufficiency as a result of 
severe lung hypoplasia. One preterm neonate died six 
months after birth due to severe BPD (having suffered 
from IVH III, late onset sepsis, bilateral ROP III, addi-
tionaly). One preterm neonate died due to multi-organ 
dysfunction syndrome including NEC, IVH and ulti-
mately cardiac arrest.

Short-term outcome parameters
Short-term outcome parameters at age-equivalent age 
and/or discharge home are presented in Table  2. Short-
term morbidities were more common in the adverse out-
come group compared to the favorable outcome group, 
reaching significance for incidence of PVL, BPD, intesti-
nal perforation and sepsis.

Neurodevelopmental long-term outcome
Long-term outcome was assessed at a median (IQR) of 
24 (24–24) months of corrected age in both groups in 
the surviving neonates. Three preterm neonates in the 
adverse outcome group survived with severe cognitive 
disability, rendering BSID II/III testing impossible. Cere-
bral palsy occurred in two patients in the adverse out-
come group. Thus, in the adverse outcome group only 
five neonates were capable for BSID II/III testing. In 
the favorable outcome group all preterm neonates were 
tested with BSID II/III. Mean ± SD of cognitive BSID II/
III was 61 ± 8 in the adverse outcome group and 105 ± 16 
in the favorable outcome group, respectively (p < 0.001*). 
The results of BSID III motor scale was 79 ± 10 in the 
adverse outcome group and 97 ± 10 in the favorable out-
come group, respectively (p = 0.014*).

Cerebral oxygenation (crSO2, cFTOE)
The courses of crSO2 and cFTOE during the first 15 min, 
starting in minute two, after birth are displayed in 
Table  3; Fig.  2a-b. CrSO2 was lower in the adverse out-
come group compared to the favorable outcome group 
(p = 0.010*). Post hoc analysis of crSO2 for each minute 
showed significant differences for almost all minutes 
(10 out of 14 min). In contrast, cFTOE was higher in the 
adverse outcome group compared to the favorable out-
come group (p = 0.003*). Post hoc analysis also showed 
significant differences for almost all minutes (11 out of 
14 min).

Routine monitoring parameters (SpO2, HR, FiO2)
The courses of routine monitoring parameters SpO2, 
HR and FiO2 during the first 15  min after birth, start-
ing in minute two after birth, are displayed in Fig. 3a-c. 
SpO2(p = 0.361) and HR (p = 0.595) did not differ signifi-
cantly between groups. There were no differences in the 
provided FiO2 between the two groups (p = 0.128). Nev-
ertheless, in the post-hoc analysis a significantly higher 
FiO2 was seen in the adverse outcome group compared to 
the favorable outcome group at minute 11.

Discussion
This is the first study, which investigated a potential asso-
ciation between cerebral oxygenation during the first 
15  min after birth and long-term outcome in preterm 
neonates. We observed significantly lower crSO2 values 
and significantly higher cFTOE values, with no differ-
ences in SpO2 and HR during fetal-to-neonatal transition 
in the adverse outcome group. The preterm neonates in 
the adverse outcome group were also more immature 
and had more short-term morbidities compared to the 
favorable outcome group.

Lower gestational age is well known to be associated 
with a higher rate of adverse short-term and long-term 

Table 2 Short-term outcome of 13 preterm neonates of 
the adverse outcome group and 29 preterm neonates of the 
favorable outcome group. Data are presented as n(%)

Adverse 
outcome 
group
n = 13

Favorable 
outcome 
group 
n = 29

p-
value

NICU1treatment
Invasive respiratory support 8 (61.5) 10 (34.5) 0.101

Non-invasive respiratory support 9 (69.2) 24 (82.8) 0.422

Hydrocortisone 6 (46.2) 1 (3.4) 0.002*

Betamethasone 0 0 1.000

Catecholamines 6 (46.2) 3 (10.3) 0.038*

Short-term outcome
IVH2 (any grade) 4 (30.8) 2 (6.9) 0.153

PVL3 (any grade) 4 (30.8) 1 (3.4) 0.026*

BPD4 4 (44.4) 1 (3.4) 0.008*

Pneumothorax 2 (15) 0 0.091

NEC5 2 (15) 0 0.091

Intestinal perforation 3 (23) 0 0.025*

Ileus/abdominal surgery 4 (31) 2 (7) 0.063

ROP6 I-II° 4 (44) 4 (14) 0.159

ROP6 III-IV° 2 (22) 0 0.051

Sepsis 8 (62) 4 (14) 0.003*
Abbreviations: 1NICU = neonatal intensive care unit, 2IVH = intraventricular 
hemorrhage, 3PVL = periventricular leukomalacia, 4BPD = bronchopulmonary 
dysplasia, 5NEC = necrotizing enterocolitis, 6ROP = retinopathy of prematurity, * 
statistically significant p = < 0.05
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outcome [1, 2]. This association might be due to the 
adverse events associated with prematurity and not the 
prematurity itself. Therefore, correction for gestational 
age might disguise the potential causality of adverse 
events like low crSO2 on neurodevelopmental impair-
ment. Therefore, due to the explorative approach the two 
groups were compared without correction for gestational 
age. Some reasons for the higher advsere outcome in pre-
term neonates with low gestational age are a higher rate 
of morbidities, longer hospital stay and longer need for 
respiratory support, including longer need for invasive 
ventilation during neonatal period.

In the present study we demonstrated that although 
no differences in routine vital parameters were observed, 
there were significant differences in crSO2 and conse-
quetively in cFTOE between the two groups in the first 
minutes after birth, with significantly lower crSO2 val-
ues indicating prolonged cerebral hypoxia in the adverse 
outcome group. As we observed significant differ-
ences in crSO2 without differences in other routine vital 

parameters we assume that the additional harm of cere-
bral hypxoia during immediate fetal-to-neonatal transi-
tion may play an important role on long-term outcome.

Alderliesten et al. [18] observed crSO2 values dur-
ing the first 72 h after birth and showed that crSO2 was 
lower in more immature preterm neonates. Gestational 
age dependent crSO2 values in preterm neonates during 
the first 15 min after birth have not been described yet, 
although, it seems very likely, that in this early postnatal 
period, crSO2 values might be lower in more immature 
preterm neonates, too. However, it seems difficult to dif-
ferentiate causal and associative relationships of crSO2 
in regard to gestational age. The present study at least 
may point out an additional impact of impaired cerebral 
oxygenation during fetal-to-neonatal transition on neu-
rodevelopmental outcome. Furthermore, this present 
study, display a new approach, as no correction for ges-
tational age was performed. As lower gestational age is 
already known to have a crucial influence on long-term 
outcome, an association between gestational age and 

Table 3 Cerebral oxygen saturation (crSO2) and cerebral fractional oxygen extraction (cFTOE) of 13 preterm neonates of the adverse 
outcome group and 29 preterm neonates of the favorable outcome group. Data are presented as estimated means (95%CI)

Adverse outcome group
n = 13

Favorable outcome group 
n = 29

p-
value

Cerebral oxygen saturation (%)
crSO2 min 2 23 (13-34) 41 (34-48) 0.008*

crSO2 min 3 27 (16-38) 45 (37-52) 0.007*

crSO2 min 4 31 (21-42) 49 (42-56) 0.006*

crSO2 min 5 42 (32-53) 54 (47-61) 0.072

crSO2 min 6 50 (40-60) 59 (53-66) 0.145

crSO2 min 7 51 (41-61) 65 (58-71) 0.029*

crSO2 min 8 55 (45-66) 68 (61-75) 0.046*

crSO2 min 9 60 (50-70) 70 (63-77) 0.118

crSO2 min 10 59 (48-69) 73 (66-79) 0.027*

crSO2 min 11 63 (53-73) 75 (68-81) 0.067

crSO2 min 12 63 (52-73) 75 (69-82) 0.043*

crSO2 min 13 61 (50-71) 74 (67-81) 0.033*

crSO2 min 14 63 (52-73) 76 (69-83) 0.041*

crSO2 min 15 62 (52-73) 78 (71-85) 0.017*

Cerebral fractional oxygen extraction
cFTOE min 2 0.545 (0.431-0.659) 0.380 (0.305-0.455) 0.018*

cFTOE min 3 0.509 (0.398-0.620) 0.345 (0.273-0.418) 0.016*

cFTOE min 4 0.500 (0.392-0.607) 0.286 (0.215-0.358) 0.001*

cFTOE min 5 0.421 (0.317-0.525) 0.286 (0.216-0.356) 0.035*

cFTOE min 6 0.369 (0.268-0.470) 0.281 (0.212-0.350) 0.157

cFTOE min 7 0.394 (0.292-0.496) 0.225 (0.157-0.293) 0.007*

cFTOE min 8 0.373 (0.269-0.477) 0.212 (0.144-0.280) 0.011*

cFTOE min 9 0.314 (0.209-0.419) 0.200 (0.132-0.268) 0.075

cFTOE min 10 0.350 (0.242-0.457) 0.185 (0.117-0.252) 0.011*

cFTOE min 11 0.309 (0.200-0.417) 0.175 (0.108-0.242) 0.040*

cFTOE min 12 0.297 (0.189-0.404) 0.170 (0.103-0.238) 0.051

cFTOE min 13 0.338 (0.231-0.445) 0.173 (0.104-0.241) 0.012*

cFTOE min 14 0.313 (0.205-0.420) 0.161 (0.093-0.230) 0.021*

cFTOE min 15 0.289(0.181-0.397) 0.145 (0.076-0.215) 0.028*
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long-term outcome is very likely. Therefore, a correction 
for gestational age might disguise the potential causal-
ity between lower crSO2 during fetal-to-neonatal transi-
tion and neurodevelopemental long-term outcome. The 
importance of adequate arterial and regional oxygenation 
during during fetal-to-neonatal transition is still a mat-
ter of intense discussion. Hence, there are recommended 
SpO2 targets within the resuscitation guidelines [16, 17, 
19]. Nevertheless, Oie et al. [20] reported that only 23% 
of preterm infants below 32 weeks of gestation met SpO2 
targets > 80% at 5  min after birth. Not reaching the tar-
get was associated with increased risk of IVH and death. 
In our study, SpO2 was similar in both groups, whereby 
neonates in both groups had a mean SpO2 of less than 
80% at minute five after birth. Although there was no 

difference in SpO2 values between our two groups, there 
were differences in neurodevelopmental outcome. To 
define cerebral hypoxia two concepts were followed, 
either defining an absolute threshold value after the 
immediate transition [21] or defining the 10th percentile 
of crSO2 for each minute during fetal-to-neonatal tran-
sition [10]. A post-hoc analysis of the SafeBoosC II trial, 
analysing the association between the burden of cerebral 
hypoxia, monitored from 3 to 72 h after birth with NIRS, 
and the outcome at two years showed no statistically sig-
nificant association of burden of cerebral hypoxia during 
the first 72 h after birth and two-year neurodevelopmen-
tal outcome [22]. In contrast, the percentile approach 
described associations with outcome parameters. Baik 
et al. [6] and Fuchs et al. [23] observed that in preterm 

Fig. 2 crSO2 (a), cFTOE (b) during the first 15 min after birth in 13 preterm neonates of the adverse outcome group and in 29 preterm neonates of the 
favorable outcome group
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Fig. 3 SpO2 (a), HR (b) and FiO2 (c) during the first 15 min after birth in 13 preterm neonates of the adverse outcome group and in 29 preterm neonates 
of the favorable outcome group
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neonates born < 32 weeks of gestational age the dura-
tion and magnitude of deviation from the tenth crSO2 
centile were significantly more pronounced in neonates, 
who developed an IVH compared to preterm neonates 
without the occurrence of IVH. The influence of cerebral 
hypoxia on short-term neurological outcome, assessed 
with GMA, has been described by Pansy et al. [24]. They 
observed lower general movement optimality scores with 
increased burden of cerebral hypoxia during immediate 
transition after birth.

In the present study, crSO2 was < 10th percentile [25] 
in the adverse outcome group in each minute of the 
observational period. This was in contrast to the favor-
able outcome group, which emphasizes the importance 
of the crSO2 values of both groups. Again, we would like 
to emphasize, that there were no differences in SpO2 and 
HR between the two groups. Furthermore, preterm neo-
nates in the adverse outcome group had, except for one 
minute, no differences in supplemental oxygen during 
immediate resuscitation, leading to the hypothesis that 
routine monitoring parameters alone are not sufficient 
to display cerebral oxygen demand necessary for an age-
appropriate neurodevelopment.

Nevertheless, given our present findings we have to 
assume that cerebral hypoxia within the first minutes 
after birth may have an attributive impact on long-term 
outcome in preterm neonates. We, therefore, assume that 
preterm neonates with lower cerebral oxygenation dur-
ing fetal-to-neonatal transition, are in a higher risk for an 
impaired short-term and long-term outcome.

Besides cerebral oxygenation, there may be several 
factors with a negative impact on long-term neurode-
velopmental outcome in preterm neonates, including 
prolonged mechanical ventilation, co-morbidities and 
systemic steroid exposure [26–28]. However, all these 
factors and also the causes of co-morbidities might again 
be associated with impaired cerebral oxygenation dur-
ing fetal-to-neonatal transition. Several studies showed 
that cerebral oxygenation might provide useful additional 
information in the early detection and potential preven-
tion of morbidities such as ROP and NEC in preterm 
neonates [29–31]. In our present study, no difference in 
the provided respiratory support was observed, however 
preterm neonates in the adverse outcome group suffered 
from more morbidities and had significantly more steroid 
exposure. Further, the sex of preterm neonates might also 
have had an influence on neonatal outcome. It has been 
observed that male sex is associated with a higher risk 
for worse neurodevelopmental outcome including devel-
oping more severe IVH, PVL and cerebral palsy. Even in 
absence of severe IVH or PVL, male preterm neonates 
have a higher risk for adverse neurological outcome 
[32–35]. In our present study, there were no significant 
differences in sex between the two groups. Therefore, we 

assume that sex did not have an impact on our observed 
results.

Limitations
There were several limitations of our study. First, the 
number of analysed preterm neonates with impaired 
long-term outcome was quite low and the number of 
neonates lost to follow-up was quite high and might have 
induced a bias. It may be assumed that preterm neo-
nates with favorable outcome are more likely to be lost 
to follow-up compared to preterm neonates with obvi-
ously impaired neurodevelopment. Nevertheless, even 
with this small cohort the differences especially in cere-
bral oxygenation during the first minutes after birth were 
rather pronounced. A multivariate analysis was not feasi-
ble due to the sample size. However, in the present study 
adverse outcome is described to be associated with low 
gestational age and low crSO2, whereby without knowing 
which parameter might be primarily causative.

Second, no data of magnetic resonance imaging or 
electroencephalograms were available, which might have 
provided further information on our patients’ short- and 
long-term outcome. Third, using BSID for stratification 
has some limitations itself. BSID III provide the risk for 
underestimation of developmental delays, which might 
have an influence on our results. Nevertheless, BSID is 
currently the most widely used standardized develop-
mental tool for early diagnosis of developmental delays. 
Furthermore, there exist cut-off points for mild, moder-
ate and severe developmental delay. The cut-off point in 
the present study was the widely used for severe disabil-
ity [5, 36]. The BSID < 70 as stratification criteria for the 
adverse outcome group has been chosen, as the aim of 
the present study was, to evaluate differences in cerebral 
oxygenation in preterm neonates with severely impaired 
outcome and favorable outcome. Beside the concerns 
that BSID III scores < 70 may underestimate neurodevel-
opement [37] impairment, it has been described that in 
preterm neonates, with BSID III scores < 85, 16% of the 
neonates have normal neurologic examination results, 
whereby in preterm neonates with BSID III scores < 70, 
only 2% have a normal neurologic outcome [38].

Conclusions
Preterm neonates with adverse long-term outcome had 
beside a lower gestational age lower crSO2 and higher 
cFTOE during fetal-to-neonatal transition, compared to 
the favorable outcome group, whilst there were no sig-
nificant differences in the routine monitoring parameters 
SpO2 and HR. There were also no differences in provided 
FiO2 between the two groups, except for one minute. The 
present reults suggest that lower cerebral oxygenation 
during fetal-to-neonatal transition might play an impor-
tant role as an influencing factor on long-term outcome.
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Further prospective studies are warranted, investigat-
ing the possible association between cerebral oxygen-
ation during fetal-to-neonatal transition and long-term 
outcome especially in very and extremely preterm 
neonates.
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