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AbstrAct
Objective
To investigate whether monitoring of cerebral tissue 
oxygen saturation using near infrared spectroscopy in 
addition to routine monitoring combined with defined 
treatment guidelines during immediate transition and 
resuscitation increases survival without cerebral injury 
of premature infants compared with standard care 
alone.
Design
Multicentre, multinational, randomised controlled 
phase 3 trial.
setting
11 tertiary neonatal intensive care units in six 
countries in Europe and in Canada.
ParticiPants
1121 pregnant women (<32 weeks’ gestation) were 
screened prenatally. The primary outcome was 
analysed in 607 of 655 randomised preterm neonates: 
304 neonates in the near infrared spectroscopy group 
and 303 in the control group.
interventiOn
Preterm neonates were randomly assigned to 
either standard care (control group) or standard 

care plus monitoring of cerebral oxygen saturation 
with a dedicated treatment guideline (near infrared 
spectroscopy group) during immediate transition (first 
15 minutes after birth) and resuscitation.
Main OutcOMe Measure
The primary outcome, assessed using all cause 
mortality and serial cerebral ultrasonography, was 
a composite of survival without cerebral injury. 
Cerebral injury was defined as any intraventricular 
haemorrhage or cystic periventricular leukomalacia, or 
both, at term equivalent age or before discharge.
results
Cerebral tissue oxygen saturation was similar in both 
groups. 252 (82.9%) out of 304 neonates (median 
gestational age 28.9 (interquartile range 26.9-30.6) 
weeks) in the near infrared spectroscopy group 
survived without cerebral injury compared with 
238 (78.5%) out of 303 neonates (28.6 (26.6-30.6) 
weeks) in the control group (relative risk 1.06, 95% 
confidence interval 0.98 to 1.14). 28 neonates died 
(near infrared spectroscopy group 12 (4.0%) v control 
group 16 (5.3%): relative risk 0.75 (0.33 to 1.70).
cOnclusiOn
Monitoring of cerebral tissue oxygen saturation in 
combination with dedicated interventions in preterm 
neonates (<32 weeks’ gestation) during immediate 
transition and resuscitation after birth did not result 
in substantially higher survival without cerebral 
injury compared with standard care alone. Survival 
without cerebral injury increased by 4.3% but was not 
statistically significant.
trial registratiOn
ClinicalTrials.gov NCT03166722.

Introduction
The immediate fetal-neonatal transition period is 
a complex physiological process encompassing 
initiation of spontaneous breathing, lung aeration, and 
switching from intrauterine to extra-uterine circulation. 
About 10% of newborn infants require respiratory 
support, including supplemental oxygen, immediately 
after birth.1 In neonatal resuscitation guidelines, the 
recommended targets for guiding respiratory support 
and titration of fractional inspired oxygen after birth 
against arterial oxygen saturation (SpO2) are derived 
from healthy spontaneously breathing infants.2 3 
A recent individual participant analysis of preterm 
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WhAt Is AlreAdy knoWn on thIs topIc
Preterm neonates who developed intraventricular haemorrhage have been found 
to have significantly lower cerebral tissue oxygen saturation during the first 
minutes after birth than neonates without intraventricular haemorrhage
Guiding respiratory support and titrating fractional inspired oxygen using 
cerebral tissue oxygen saturation in addition to arterial oxygen saturation 
monitoring (COSGOD phase I/II trial) achieved a relative reduction of 55.4% in 
the burden of cerebral hypoxia within the first 15 minutes after birth

WhAt thIs study Adds
In preterm neonates <32 weeks’ gestation, monitoring of cerebral tissue oxygen 
saturation combined with dedicated interventions during immediate transition 
and resuscitation in the first 15 minutes after birth increased survival without 
cerebral injury by 4.3% compared with standard care but was not statistically 
significant
Although the results for mortality were not statistically significant, the overall 
1.3% reduction in deaths (12/304 (4.0%) in the near infrared spectroscopy 
group v 16/303 (5.3%) in the control group) could potentially result in more than 
14 000 additional survivors from the estimated 1.1 million infants <37 weeks’ 
gestation who die annually
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infants (<32 weeks’ gestation) reported that only 23% 
met these SpO2 targets, with the risk of intraventricular 
haemorrhage and death increased in those who did 
not.4

After initiation of spontaneous breathing the 
partial pressure of oxygen rapidly increases, and 
delivery of oxygen to cerebral tissue normalises the 
cerebral regional tissue oxygen saturation (crSO2) 
faster than that of SpO2.5 6 This preferential oxygen 
delivery to the brain suggests an increasing cerebral 
blood flow during the first minutes after birth.7-10 
Observational studies in delivery rooms reported that 
the crSO2 values in preterm infants who experienced 
intraventricular haemorrhage11 12 were significantly 
lower during the first 15 minutes after birth compared 
with neonates without cerebral injury,13 14 whereas the 
SpO2 levels of these neonates reached the targets and 
were comparable to those of neonates without cerebral 
injury. In the COSGOD phase I/II trial, targeting crSO2 
using specified clinical treatment guidelines during 
the immediate transition period (first 15 minutes) 
after birth in addition to routine monitoring (SpO2 
and heart rate) achieved a relative reduction of 55.4% 
in the burden of cerebral hypoxia within the first 15 
minutes.15 The effects, however, of crSO2 monitoring 
with dedicated interventions during the neonatal 
transition period on clinically relevant outcomes 
remain unknown.16

We investigated whether targeting crSO2 using 
specified clinical treatment guidelines during the 
immediate transition period in addition to routine 
monitoring (SpO2 and heart rate) has an effect on 
mortality and cerebral injury in preterm neonates 
(<32 weeks’ gestation).17 We hypothesised that 
crSO2 in addition to routine monitoring with defined 
treatment guidelines during immediate transition 
and resuscitation compared with routine monitoring 
and standard care alone in premature infants would 
increase survival without cerebral injury.

Methods
For this randomised, multicentre, multinational, phase 
3 clinical trial we recruited infants from 11 neonatal 
intensive care units in Europe and Canada from 1 
October 2017 to 30 October 2021. Written informed 
parental consent was obtained for all participating 
infants: antenatally in nine European centres and 
postnatally in one European centre (Trieste) and in 
Canada (deferred consent).

Participants
Preterm neonates were eligible for inclusion in the 
study if they were born before 32 completed weeks 
of gestation. Inclusion criteria were written informed 
parental consent (for measurement and analyses 
in centres with antenatal consent and for analyses 
in centres with deferred consent) and decision to 
provide full life support. Exclusion criteria were severe 
congenital malformation, including of the brain, heart, 
or lung, or the presence of prenatal cerebral injury. For 
each included neonate we collected information on 

antenatal medical history, birth history, and data on 
interventions during the immediate transition period.

randomisation
The neonates were randomised before birth to either 
the near infrared spectroscopy group or the control 
group using a web based randomisation service 
(https://www.randomizer.at/random/) and a block 
size of 10. The ratio of allocation was 1:1 and neonates 
were stratified according to trial site. For multiple births 
we randomised only the first infant because inclusion 
of two neonates immediately after birth and during 
resuscitation was not feasible owing to availability of 
research staff and devices.

Masking
The allocation sequence remained concealed throughout 
the trial. The resuscitation team was masked to crSO2 in 
the control group (a member of the research team was 
present during the 15 minute measurement period and 
either covered the near infrared spectroscopy monitor 
or turned the monitor away). Efforts were made to mask 
the clinical team in the neonatal intensive care unit—
especially to avoid recording the allocation group in the 
neonate’s chart. Group allocation was concealed during 
statistical analysis.

Monitoring
Pulse oximetry was used to monitor SpO2 and 
heart rate, and electrocardiography was optionally 
performed according to local guidelines. The pulse 
oximetry sensor was applied to the neonate’s right 
palm or wrist and the electrocardiography electrodes 
to the chest. The crSO2 sensor was applied within 
three minutes after birth and continued until minute 
15 after birth using a neonatal sensor connected to 
an Invos 5100 Cerebral/Somatic Oximeter monitor 
(Medtronic, Minneapolis, MN). The near infrared 
spectroscopy sensor was placed on the left side of the 
neonate’s forehead and secured using a cap or self-
adhesive elastic bandage. The resuscitation teams 
were trained to apply the near infrared spectroscopy 
sensors, interpret the spectroscopy values and the 
crSO2 targets, and apply the trial interventions. In the 
intervention group, the crSO2 targets for every minute 
were displayed in the field of view of the healthcare 
providers during resuscitation. A member of the 
research team documented the crSO2 values for every 
minute, either during resuscitation (near infrared 
spectroscopy group) or from the device’s storage after 
resuscitation (control group).

interventions
All delivery room interventions (except targeting of 
crSO2 in the near infrared spectroscopy group) were 
performed in accordance with local hospital guidelines 
and the neonatal resuscitation guidelines.23

Control group
During the study period, targeting of SpO2 had to be 
performed in accordance with local hospital guidelines 
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and published neonatal resuscitation guidelines,23 
whereby SpO2 had to be targeted independently of 
local guidelines to be at least between the 10th and 
90th centile of published reference ranges.18 As was 
routine in all participating centres, the lower local limit 
of SpO2 was targeted according to the resuscitation 
guidelines.23

If SpO2 remained <10th centile or below the local 
lower limit, fractional inspired oxygen (FiO2) was 
increased by 10-20% every 60 seconds or respiratory 
support was started or increased. If SpO2 remained 
stable >10th centile18 or above the local lower limit 
for >60 seconds, or if SpO2 was >90th centile,18 FiO2 
was reduced by 10-20% or respiratory support was 
adjusted accordingly.

Near infrared spectroscopy group
CrSO2 monitoring was visible to the clinical team 
with the same SpO2 target as in the control group. If 

SpO2 remained between the 10th and 90th centiles 
and within local limits, and crSO2 was <10th centile 
according to published reference ranges,13 FiO2 was 
increased by 10-20% every 60 seconds or respiratory 
support was started or increased. If crSO2 remained 
>10th centile13 for >60 seconds or if crSO2 was >90th 
centile,13 FiO2 was reduced by 10-20% or respiratory 
support was adjusted accordingly. If there was a history 
of blood loss or clinical signs of blood loss, intravenous 
fluids (10 mL/kg) were considered.23

Outcome measures
The primary composite outcome was survival without 
cerebral injury, assessed using all cause mortality and 
by cerebral ultrasonography, the routine assessment 
method at all sites. Cerebral injury was defined 
as any grade of intraventricular haemorrhage or 
cystic periventricular leukomalacia. The local team 
performed cerebral ultrasonography according to 

Neonates born preterm (<32 weeks’ gestation)

Neonates did not undergo randomisation
Antenatal informed consent but no research team available
No antenatal consent
Antenatal informed consent but fetal congenital malformation

330
122

14

Not included aer birth as
research team was not available

Not screened or no informed consent owing to imminent birth or no research team available

Near infrared spectroscopy group
329

Control group
326

Included at birth
320

Included at birth
321

Included in analyses
304

Included in analyses
303

466

9
Not included aer birth as

research team was not available

5

2458

3579

Mothers screened for eligibility
1121

Randomised
Antenatal informed consent544 Parents to be approached for deferred consent111

655

Excluded
Parents declined deferred consent
Congenital malformation

13
3

16
Excluded

Parents declined deferred consent
Congenital malformation
Lost to follow-up or no cranial
  ultrasonograms
Parents withdrew consent

11
4
2

1

18

Fig 1 | screening, randomisation, intervention, and follow-up of participants through study
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routine clinical care at 2-24 hours (optional), 2-5 days, 
6-8 days, 12-16 days, and before discharge or at term 
equivalent age, depending on whichever came first.

The secondary outcome measures were individual 
components of the primary outcome (mortality 
and cerebral injury), culture proven infection or 
sepsis, necrotising enterocolitis, bronchopulmonary 
dysplasia, retinopathy of prematurity, and persistent 
ductus arteriosus requiring intervention. The medical 
record of each neonate was reviewed for assessment of 
secondary outcomes.

Data management and safety
Data were entered in a central database (Medical 
Informatics, Statistics and Documentation, Medical 
University of Graz, Austria) using a standard web 
based electronic case report form. Data entry was 
the responsibility of local investigators, and at each 
trial site a locally appointed external monitoring 
committee monitored data flow according to good 
clinical practice principles. An independent data 
safety monitoring committee reviewed the data after 
inclusion of 20% of the neonates. This was done to 
evaluate safety and efficacy (primary and secondary 
outcome variables) of the intervention with a certain 
or a probably or likely relationship with the cerebral 

near infrared spectroscopy oximeter or the application 
of the treatment guidelines.

statistical analyses
From our sample size calculation, we determined that 
329 neonates would need to be enrolled in each group 
to provide a power of 80% to detect a difference of 
10% increase in survival without cerebral injury (65% 
in control group v 75% in near infrared spectroscopy 
group), considering a significance level of 5%. 
Assuming a dropout rate of 10%, we planned to enrol 
a total of 724 neonates. The sample size calculation 
was based on data from two European centres (Medical 
University of Graz, Austria, and Erasmus Medical 
Center, Rotterdam, Netherlands) and one Canadian 
centre (Royal Alexandra Hospital, Edmonton, Canada). 
In these centres the percentage of neonates surviving 
without cerebral injury ranged from 56% to 77%, with 
an average of 65%.

To investigate the primary hypothesis of whether the 
frequency of survival without cerebral injury in preterm 
infants (<32 weeks’ gestation) differed between the two 
groups, we used generalised linear models (probability 
distribution: binomial; link function: log) adjusted 
for trial site relative risk and corresponding 95% 
confidence interval. For sensitivity analysis, we also 

table 1 | Maternal, fetal, and neonatal baseline characteristics. values are numbers (percentages) unless stated 
otherwise
characteristics near infrared spectroscopy group (n=304) control group (n=303)
Maternal cause of preterm birth
Antepartum bleeding (n=300/302) 38 (12.7) 44 (14.6)
Chorioamnionitis (n=300/302) 57 (19.0) 74 (24.5)
Premature rupture of membranes (n=300/303) 97 (32.3) 85 (28.1)
Pre-eclampsia (n=301/302) 57 (18.9) 59 (19.5)
Gestational diabetes (n=300/302) 7 (2.3) 14 (4.6)
Other (n=299/301) 64 (21.4) 72 (23.9)
Fetal related preterm birth
Intrauterine growth restriction (n=300/301) 50 (16.7) 54 (17.9)
Fetal bradycardia (n=301/301) 69 (22.9) 50 (16.6)
Doppler sonography detected disease (n=300/301) 61 (20.3) 46 (15.3)
Multiple birth (n=299/300) 36 (12.0) 31 (10.3)
Other (n=298/301) 13 (4.4) 23 (7.6)
Antenatal steroids (n=297/300) 290 (97.6) 291 (97.0)
Mode of delivery (n=303/302)
Spontaneous vaginal 49 (16.2) 43 (14.2)
Caesarean section 253 (83.5) 258 (85.4)
Instrumental 1 (0.3) 1 (0.3)
Time to cord clamping (n=291/281)
<30 seconds 176 (60.5) 163 (58.0)
30-60 seconds 86 (29.6) 78 (27.8)
>60 seconds 29 (10.0) 40 (14.2)
Neonatal characteristics (n=304/303)
Median (IQR) gestational age (weeks) 28.9 (26.9-30.6) 28.6 (26.6-30.6)
Gestational age:
 <28 weeks 110 (36.2) 118 (38.9)
 >28 weeks 194 (63.8) 185 (61.0)
Median (IQR) birth weight (g) 1123 (860-1405) 1075 (820-1360)
Male/female (n=302/301) 148/154 (49.0/51.0) 171/130 (56.8/43.2)
Median (IQR) umbilical artery pH 7.32 (7.28-7.36) 7.32 (7.28-7.37)
Median (IQR) Apgar score:
 1 minute 7.0 (5.0-8.0) 7.0 (5.0-8.0)
 5 minutes 8.0 (7.0-9.0) 8.0 (7.0-9.0)
 10 minutes 9.0 (8.0-9.0) 9.0 (8.0-9.0)
IQR=interquartile range.
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performed this analysis adjusted for gestational age. 
Furthermore, we performed two separate analyses: for 
neonates born at <28 weeks of gestation and at ≥28 
weeks of gestation and for neonates born by vaginal 
delivery and caesarean section. Secondary outcomes 
including individual primary outcome measures 
(death, cerebral injury) were analysed in the same way. 
Data including personal, baseline, and interventions 
were compared using χ2 test or Fisher’s exact test for 

categorical variables and t test or Mann-Whitney U test 
for continuous variables, depending on whether the 
data were normally distributed or skewed. Trends for 
cerebral oxygenation (crSO2) during the first 15 minutes 
after birth were analysed using linear mixed models 
with fixed effects for group (near infrared spectroscopy 
group v control group), and time and random effect for 
centre. A first order autoregressive covariance structure 
was used. Estimated mean scores with 95% confidence 

table 2 | interventions during first 15 minutes and first 24 hours after birth
interventions near infrared spectroscopy group (n=304) control group (n=303) P value
First 15 minutes after birth
Supplemental oxygen (n=303/303) 297 (98.0) 290 (95.7) 0.1
Respiratory support (n=304/303):
 None 5 (1.6) 8 (2.6)

0.55 Mask continuous positive pressure 103 (33.9) 106 (35.0)
 Mask positive pressure ventilation 162 (53.3) 164 (54.1)
 Intubation 34 (11.2) 25 (8.3)
 Chest compressions (n=301/299) 4 (1.3) 5 (1.7) 0.75
 Caffeine (n=299/302) 71 (23.8) 82 (27.2) 0.34
 Adrenaline (n=302/303) 2 (0.7) 1 (0.3) 0.56
 Surfactant (n=303/303) 23 (7.6) 27 (8.9) 0.56
 Intravenous fluids (n=303/303) 12 (4.0) 2 (0.7) 0.007
 Others (n=303/301) 6 (2.0) 3 (1.0) 0.5
First 24 hours after birth
Surfactant (n=303/302) 169 (55.8) 157 (52.0) 0.35
Respiratory support (n=304/303):
 None 22 (7.2) 20 (6.6)

0.19 Non-invasive ventilation 193 (63.5) 213 (70.3)
 Mechanical ventilation 89 (29.3) 70 (23.1)

table 3 | Primary composite outcome measure, primary outcome measures, and secondary outcome variables at term 
age or before discharge, adjusted for trial site

Outcome measures and variables
near infrared spectroscopy group 
(n=304)

control group 
(n=303) relative risk (95% ci) P value

Primary composite outcome
Survival without cerebral injury* 252 (82.9) 238 (78.5) 1.06 (0.98 to 1.14)
Primary outcome measures
Death or cerebral injury, or both* 52 (17.1) 65 (21.5) 0.80 (0.57 to 1.11)
Death 12 (4.0) 16 (5.3) 0.75 (0.33 to 1.70)
Intraventricular haemorrhage:
 Any grade 41 (13.5) 55 (18.2) 0.74 (0.52 to 1.06)
 Absent 263 (86.5) 248 (81.9)

0.29 Grade I-II 29 (9.5) 39 (12.9)
 Grade III-IV 12 (4.0) 16 (5.3)
Cystic periventricular leukomalacia:
 Any grade 8 (2.6) 3 (1.0) 2.66 (0.80 to 8.80)
 Absent 296 (97.4) 300 (99.0)

0.24 Grade II 3 (1.0) 2 (0.7)
 Grade III 5 (1.6) 1 (0.3)
Secondary outcome measures (morbidities)
Respiratory distress syndrome:
 Present 248 (81.6) 244 (80.5) 1.01 (0.96 to 1.07)
 Absent 56 (18.4) 59 (19.5)

0.92 Not defined 26 (8.6) 28 (9.2)
 Grade 1-2 163 (53.6) 163 (53.8)
 Grade 3-4 59 (19.4) 53 (17.5)
Culture proven sepsis 91 (29.9) 111 (36.6) 0.82 (0.67 to 1.00)
Necrotising enterocolitis any grade 17 (5.6) 15 (5.0) 1.13 (0.57 to 2.24)
Bronchopulmonary dysplasia† 54 (17.8) 57 (18.8) 0.94 (0.67 to 1.34)
Retinopathy of prematurity ≥grade 2 35 (11.5) 33 (10.9) 1.06 (0.68 to 1.65)
Persistent ductus arteriosus with intervention‡ 41 (13.5) 54 (17.8) 0.76 (0.57 to 1.01)
CI=confidence interval.
*Any intraventricular haemorrhage or cystic periventricular leukomalacia, or both, at term age or before discharge.
†Oxygen dependency or need for respiratory support at 36 weeks corrected age.
‡Medical intervention or surgical intervention, or both.
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intervals are given for the analysed variables. A P 
value <0.05 was considered statistically significant. 
Statistical analyses were performed using SAS 9.4 
(2002-12, SAS Institute, Cary, NC).

Patient and public involvement
No parents were involved in setting the research 
question or the outcome measures, nor were they 
involved in developing plans for recruitment, design, 
or implementation of the study. No patients were asked 
to advise on interpretation or writing up of results. 
It was not the policy of the involved institutions to 
include parents or members of the public in planning 
or decision making processes at the time when the 
study was planned, submitted to ethical committees 
and funding agencies, and started.

results
Of 655 infants who underwent randomisation (329 
in the near infrared spectroscopy group, 326 in the 
control group) during the study period, 607 (304 and 
303, respectively) were included in the final analysis 
(fig 1). Two neonates were excluded as no cerebral 
ultrasonography data were available (lost to follow-
up). The personal and clinical characteristics of the 
mothers and infants did not differ between the groups 
(table 1), except for a higher number of fetuses with 
bradycardia in the near infrared spectroscopy group 
and a higher number of male infants in the control 
group, although both were of borderline significance 
(P=0.05 and P=0.06, respectively).

The incidence of delivery room interventions within 
the first 15 minutes after birth did not differ between 
the groups except for a significantly higher number 
of neonates receiving intravenous fluids in the near 
infrared spectroscopy group (12 (4.0%) v 2 (0.7%), 
P=0.007; table 2); in four neonates administration of 
intravenous fluids was indicated by crSO2. Respiratory 
support by intubation was indicated in nine neonates 
by crSO2. CrSO2 values at each minute during the 
first 15 minutes after birth did not differ between the 
groups (see supplementary figures S1 and S2). FiO2 
was slightly higher in the near infrared spectroscopy 
group than control group in the first minutes after birth 
(see supplementary table 3), and SpO2 values during 
the first 15 minutes after birth were similar in both 
groups (see supplementary table 3).

Primary outcome
The primary outcome was assessed in 607 infants 
(table 3). Overall, 252 (82.9%) out of 304 neonates in 
the near infrared spectroscopy group survived without 
cerebral injury compared with 238 (78.5%) out of 303 
in the control group (relative risk 1.06, 95% confidence 
interval 0.98 to 1.14). Twenty eight neonates died (12 
(4.0%) in the near infrared spectroscopy group v 16 
(5.3%) in the control group (relative risk 0.75, 0.33 
to 1.70; table 3). After controlling for age, the primary 
outcome also showed no significant difference between 
the two groups (1.04, 0.98 to 1.12). The primary 
outcome was also similar between neonates born at <28 

gestational weeks and those born at ≥28 gestational 
weeks, and in neonates born by caesarean section 
compared with vaginal delivery (see supplementary 
tables 1 and 2). The incidence of all components of 
the primary outcome were not significantly different 
between the two groups (table 3).

secondary outcomes
The incidence of predefined secondary neonatal 
outcomes did not differ significantly between the 
two groups (table 3). No serious adverse reactions or 
serious adverse device related events were observed.

discussion
In preterm neonates with <32 weeks’ gestation, 
monitoring of cerebral tissue oxygen saturation 
combined with dedicated interventions during 
immediate transition and resuscitation in the first 
15 minutes after birth compared with standard care 
increased survival without cerebral injury by 4.3% 
(95% confidence interval −1.9% to 10.6%) and 
decreased the risk of mortality by 1.3% (−2.0% to 
4.7%), although both findings were not statistically 
significant. Monitoring using near infrared 
spectroscopy was not associated with serious adverse 
reactions or serious adverse device related events.

Preterm birth has lifelong effects on 
neurodevelopmental outcomes, including an increased 
risk of cerebral palsy or impaired learning, which result 
in high economic cost for families and healthcare 
systems.19 An estimated 15 million neonates are born 
worldwide at <37 weeks of gestation annually and 
account for 35% of the world’s 3.1 million neonatal 
deaths each year.19 Although the results of our study 
were not statistically significant, the overall 1.3% 
reduction in deaths could potentially result in more 
than 14 000 additional survivors from the estimated 
1.1 million infants of <37 weeks’ gestation who 
die annually.19 Similarly, although not statistically 
significant a 4.3% increase in survival without 
cerebral injury would have an impact on families and 
healthcare systems.

comparison with other studies
In the initial (COSGOD phase I/II) pilot feasibility 
trial,15 near infrared spectroscopy in addition to 
routine monitoring to guide medical support during 
immediate transition resulted in a 55.4% relative 
reduction in risk of cerebral hypoxia. Although in the 
present trial more than 50% of neonates in the near 
infrared spectroscopy group received interventions 
because of cerebral hypoxia, there was no significant 
improvement in crSO2. This finding must be interpreted 
with caution, however, as near infrared spectroscopy 
monitoring was masked in the control group and 
therefore not evaluated for signal quality and artefacts, 
whereas in the near infrared spectroscopy group the 
signal and its quality were visible, and, when necessary, 
manoeuvres such as repositioning of the sensor were 
performed to improve the signal. Nevertheless, similar 
confidence intervals of crSO2 values in both groups 
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suggest similar variations and artefacts between 
the groups. The absence of an improvement in the 
crSO2 during the first 15 minutes in the near infrared 
spectroscopy group might also reflect the lack of 
current effective interventions to improve crSO2 in this 
trial. Cerebral oxygenation is influenced by three main 
components: the oxygen content of blood, cerebral 
perfusion, and oxygen consumption. Each of these 
factors are influenced by several other variables, such 
as SpO2, blood glucose level, partial pressure of carbon 
dioxide, blood pressure, and haemoglobin level.20-22 
The SafeBoosC 2 trial examined monitoring using near 
infrared spectroscopy and dedicated interventions 
within the first 72 hours after birth in preterm neonates 
and reported a reduced cerebral burden of hypoxia.23 
Although ample opportunities exist to assess and 
correct factors that might influence crSO2 within 
the first 72 hours after birth, limited information is 
available for resuscitation within the first 15 minutes 
after birth. Interventions in the present trial were 
therefore limited to oxygen titration, respiratory 
support, or intravenous fluids, or a combination of 
these factors. Changes in cardiovascular variables, 
including arterial blood pressure and cardiac output 
have been associated with changes in cerebral 
oxygenation during immediate transition9 10 24 and 
have been described as predictors of cerebral injury, 
including intraventricular haemorrhage and cystic 
periventricular leukomalacia.25-27 In the present 
trial, significantly more neonates in the near infrared 
spectroscopy group than control group received 
intravenous fluids (table 2), in part indicated by 
crSO2 monitoring to improve cardio-circulation and 
cerebral perfusion. Furthermore, a trend to a higher 
rate of mechanical ventilation was observed after 
resuscitation during the first day after birth in the near 
infrared spectroscopy group. This might be explained 
by the higher rate of intubations during resuscitation 
in the first minutes after birth, which were also in part 
indicated by crSO2 monitoring.

Cerebral injury was determined by cerebral 
ultrasonography and included all grades of 
intraventricular haemorrhage (grades I-IV) as well 
as cystic periventricular leukomalacia. The lower 
grades of intraventricular haemorrhage were included 
because grades I and II have been associated with 
potential impairment of cognitive and motor abilities 
in preterm infants.28 Furthermore, on cranial 
ultrasonography no abnormality is associated with 
the lowest probability of impaired development.29 
Although magnetic resonance imaging may have 
provided a more precise assessment,30 31 this was 
not available and feasible in many units and is often 
difficult to perform in critically ill preterm neonates. 
Furthermore, cranial ultrasonography is routinely 
used in most neonatal intensive care units thereby 
making the results of this trial more generalisable. 
Therefore, cranial ultrasonography was used as the 
standard method to determine brain injury such as 
intraventricular haemorrhage or cystic periventricular 
leukomalacia.

limitations of this study
Several limitations of this study are worth noting. 
More than two thirds of eligible neonates were not 
screened as a result of imminent birth or unavailability 
of the research team as approximately 75% of 
deliveries occurred after hours or during weekends.32 
The included sample size was about 10% below the 
calculated sample size, because recruitment ended 
after four years. More than 80% of included neonates 
were born by caesarean section, which was higher than 
recently reported rates for caesarean section.33 The 
higher number of neonates included after caesarean 
section might be due to a wider window of opportunity 
to obtain consent as mothers are not in labour. Cerebral 
ultrasonography was performed locally, and therefore 
despite every effort, full masking to group allocation 
could not be guaranteed. Since the primary outcome 
included all grades of intraventricular haemorrhage 
the high interobserver variability in grading of 
intraventricular haemorrhage should not have 
influenced the results. The survival without cerebral 
injury was probably related to overall improvements in 
outcomes for preterm neonates compared with the pre-
trial era. The number of neonates who survived without 
cerebral injury was high in both groups in our study 
and therefore should not have influenced the findings.

conclusions
Monitoring of cerebral tissue oxygen saturation in 
combination with dedicated interventions during 
immediate transition and resuscitation after birth in 
preterm neonates <32 weeks’ gestation did not result 
in substantially higher survival without cerebral 
injury compared with standard care alone. No serious 
adverse reactions or serious adverse device related 
events were observed when using near infrared 
spectroscopy. However, the 4.3% non-significant 
difference in survival without cerebral injury between 
groups would be of high clinical relevance and should 
be investigated in further larger randomised trials with 
sufficient power. Further trials are also warranted to 
explore if different groups of preterm neonates may 
have a substantial benefit and which near infrared 
spectroscopy guided interventions might improve 
cerebral oxygenation the most.
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