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Cerebral oximetry monitoring versus usual 
care for extremely preterm infants: 
a study protocol for the 2-year follow-up 
of the SafeBoosC-III randomised clinical trial
Marie Isabel Rasmussen1*  , Mathias Lühr Hansen1,2, Adelina Pellicer3, Christian Gluud2,4, Eugene Dempsey5, 

Jonathan Mintzer6, Simon Hyttel‑Sørensen7, Anne Marie Heuchan8, Cornelia Hagmann9, Ebru Ergenekon10, 

Gabriel Dimitriou11, Gerhard Pichler12, Gunnar Naulaers13, Guoqiang Cheng14, Jakub Tkaczyk15, Hans Fuchs16, 

Monica Fumagalli17,18, Saudamini Nesargi19, Siv Fredly20, Tomasz Szczapa21, Anne Mette Plomgaard22, 

Bo Mølholm Hansen23, Janus Christian Jakobsen2,4 and Gorm Greisen1 

Abstract 

Background In the SafeBoosC‑III trial, treatment guided by cerebral oximetry monitoring for the first 72 hours 

after birth did not reduce the incidence of death or severe brain injury in extremely preterm infants at 36 weeks’ 

postmenstrual age, as compared with usual care. Despite an association between severe brain injury diagnosed 

in the neonatal period and later neurodevelopmental disability, this relationship is not always strong. The objective 

of the SafeBoosC‑III follow‑up study is to assess mortality, neurodevelopmental disability, or any harm in trial par‑

ticipants at 2 years of corrected age. One important challenge is the lack of funding for local costs for a trial‑specific 

assessment.

Methods Of the 1601 infants randomised in the SafeBoosC‑III trial, 1276 infants were alive at 36 weeks’ postmenstrual 

age and will potentially be available for the 2‑year follow‑up. Inclusion criteria will be enrollment in a neonatal intensive 

care unit taking part in the follow‑up study and parental consent if required by local regulations. We aim to collect data 

from routine follow‑up programmes between the ages of 18 and 30 months of corrected age. If no routine follow‑

up has been conducted, we will collect informal assessments from other health care records from the age of at least 

12 months. A local co‑investigator blinded to group allocation will classify outcomes based on these records. We will 

supplement this with parental questionnaires including the Parent Report of Children’s Abilities—Revised. There will 

be two co‑primary outcomes: the composite of death or moderate or severe neurodevelopmental disability and mean 

Bayley‑III/IV cognitive score. We will use a 3‑tier model for prioritisation, based on the quality of data. This approach 

has been chosen to minimise loss to follow‑up assuming that little data is better than no data at all.

Discussion Follow‑up at the age of 2 years is important for intervention trials in the newborn period as only time 

can show real benefits and harms later in childhood. To decrease the risk of generalisation and data‑driven biased 
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conclusions, we present a detailed description of the methodology for the SafeBoosC‑III follow‑up study. As funding 

is limited, a pragmatic approach is necessary.

Trial registration ClinicalTrials.gov NCT05 134116. Registered on 24 November 2021.

Keywords Randomised clinical trial, Preterm, Near‑infrared spectroscopy, Protocol, Follow‑up, Neurodevelopment, 

Brain injury

Background
Worldwide, approximately 15 million infants are born 

preterm (below 37 weeks’ gestational age) each year 

[1]. Hereof, around 50,000 are born extremely preterm 

(below 28 weeks’ gestational age) in countries where neo-

natal intensive care is offered routinely [2]. Currently, 

mortality is around 20%, but those surviving have a high 

risk of neonatal brain injury and subsequently long-term 

neurodevelopment disability [3]. The risk of brain injury 

is especially high during the first days of life, as the infant 

transitions from intra- to extrauterine life. The combina-

tion of immature organs and impaired cerebral autoregu-

lation may cause large fluctuations in cerebral blood flow 

[4], detectable by cerebral oximetry using near-infrared 

spectroscopy (NIRS) monitoring. These fluctuations in 

the immature brain may lead to cerebral hypoxia and 

hyperoxia and can cause brain injury [5]. Brain injury 

acquired in the neonatal period may result in neurode-

velopmental disability later in life. As many as 40% of 

surviving extremely preterm infants are diagnosed with 

neurodevelopmental disability such as cerebral palsy, 

cognitive and neurosensory deficits, attention-deficit dis-

order, and/or major psychiatric disorders before school 

age [6]. These early disabilities usually result in life-long 

consequences for the children and their families, such as 

reduced quality of life as well as increased health care and 

educational costs [7, 8]. Evidence suggests that cerebral 

hypoxia is associated with the risk of brain injury as well 

as death in extremely preterm infants [9].

The SafeBoosC‑II trial

The SafeBoosC phase-II trial demonstrated that cer-

ebral oximetry monitoring in combination with a treat-

ment guideline reduced the burden of cerebral hypoxia 

and hyperoxia by more than 50%, compared to blinded 

cerebral oximetry monitoring, during the first 72 h after 

birth [10]. Furthermore, there were trends towards 

reduced mortality and occurrence of severe brain injury 

assessed at 36 weeks’ postmenstrual age [10]. In total, 

115/135 (85%) participants alive at 24 months’ corrected 

age were followed up to test if the intervention was ben-

eficial in terms of improving neurodevelopment later in 

life. No differences were found between the unblinded 

cerebral oximetry group and blinded cerebral oximetry 

group regarding the mean mental developmental index 

assessed by the Bayley II (89.6 ± 19.5 versus 88.4 ± 14.7, 

p = 0.77) or the total Ages and Stages Questionnaire score 

(215 ± 58 versus 213 ± 58, p = 0.88) [11]. The number of 

participants with moderate or severe neurodevelopmen-

tal disability was also similar, with ten (15%) in the cere-

bral oximetry group and six (12%) in the blinded cerebral 

oximetry group (p = 0.58) [11]. However, the SafeBoosC-

II trial was not powered to detect a relevant difference in 

any of the long-term clinical outcomes and thus there is 

a possibility that the neutral results were due to type II 

errors. Based on the above, the larger SafeBoosC-III trial 

has been conducted, to test the effect of the intervention 

on clinical outcomes.

The SafeBoosC‑III trial

SafeBoosC-III is a multi-centre, international, prag-

matic phase III clinical trial investigating the effects of 

treatment guided by cerebral oximetry monitoring in 

extremely preterm infants [12]. The hypothesis was that 

treatment guided by cerebral oximetry monitoring in the 

first 72 h after birth in extremely preterm infants would 

result in a reduction of death or severe brain injury at 36 

weeks’ post-menstrual age, as compared with usual care. 

Infants randomised to the cerebral oximetry group were 

monitored during the first 72 h after birth and received 

cardio-respiratory support guided by cerebral oxime-

try monitoring [13]. The cerebral oximetry sensor was 

placed on the head within 6 h of birth. The usual care 

group was treated according to local clinical guidelines 

without cerebral oximetry. A total of 1601 infants were 

randomised across 70 sites from Europe, the USA, China, 

and India and 1579 (98.6%) were evaluated for the pri-

mary outcome. At 36 weeks’ post-menstrual age, death 

or severe brain injury occurred in 272 of 772 participants 

(35.2%) in the cerebral oximetry group as compared with 

274 of 807 participants (34.0%) in the usual care group 

(RR with cerebral oximetry, 1.03; 95% CI 0.90 to 1.18; 

P = 0.64) [14]. The trial is registered at clinicaltrials.gov 

(NCT03770741).

The original sample size of the SafeBoosC-III trial 

was calculated based on the primary outcome, which is 

a composite of death or severe brain injury at 36 weeks’ 

post-menstrual age [15]. Severe brain injury was defined 

https://clinicaltrials.gov/ct2/show/NCT05134116?term=safeboosc&draw=2&rank=2
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as intraventricular haemorrhage grade III or IV, cystic 

periventricular leukomalacia, cerebellar haemorrhage, 

post-haemorrhagic ventricular dilatation or cerebral 

atrophy detected on any of the routine cerebral ultra-

sound scans that were routinely performed in the trial 

participants up until 36 weeks’ post-menstrual age or dis-

charge to home, whichever came first [16].

Assessment at 2 years’ corrected age is commonly 

used clinically as well as for research purposes [17]. The 

predictive value of such assessments for later function 

is relatively poor for the individual child. However, on a 

group level, the assessments demonstrate the expected 

differences between extremely preterm-born children 

and children born at term. Therefore, the assessments are 

likely to be valuable as outcome measures in randomised 

clinical trials. With the SafeBoosC-III trial having ran-

domised 1601 participants, there is a potential to achieve 

sufficient power for a meaningful assessment of the inter-

vention’s effect on long-term neurodevelopment.

Methods
The study has been designed according to the SPIRIT 

guidelines (Fig. 1 and Appendix A) [18].

The objective of the SafeBoosC-III follow-up study is 

to investigate the benefits and harms of treatment guided 

by cerebral oximetry monitoring in extremely preterm 

infants during the first 72 hours after birth, assessed at 2 

years’ corrected age, as compared with usual care.

The hypothesis is that the intervention will decrease 

a composite of death or moderate or severe neurode-

velopmental disability at 2 years’ corrected age, and/or 

increase cognitive function in survivors assessed by the 

Bayley-III/IV test, with insignificant harms.

Inclusion criteria

Participation in the SafeBoosC-III trial, enrolment in a 

site taking part in the SafeBoosC-III follow-up study, and 

parental consent if required by local regulations.

Primary outcomes

The two co-primary outcomes are:

1) Death or moderate or severe neurodevelopmental 

disability (NDD)

Fig. 1 SPIRIT schedule of enrollment and assessment
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A child will be classified with moderate or severe NDD 

if any of the four following conditions are present:

– Cerebral palsy with functional impairment corre-

sponding to Gross Motor Function Classification 

Score (GMFCS) ≥ 2

– A score below − 2 standard deviations from the norm 

of a standardised developmental assessment (if using 

the Bayley-III/IV test, the cognitive score cut-off will 

be < 85), or an informal classification of moderate or 

severe NDD

– Vision impairment defined as moderately reduced 

vision, or only being able to perceive light or light-

reflecting objects, or blind in one eye with good 

vision in the contralateral eye

– Hearing impairment defined as hearing loss cor-

rected with aids (usually moderate 40 to 70dBHL) or 

some hearing but loss not corrected by aids (usually 

severe 70 to 90dBHL).

2) Bayley-III/IV mean cognitive score

Exploratory outcomes

The exploratory outcomes are as follows:

• Daily medication for the last 2 months (yes/no)

• Any other chronic illness (defined as any problem 

which has been diagnosed by a doctor and which 

is expected to last more than a few months, causes 

problems in everyday life, or is a risk of early death or 

disability)

• Mean head circumference

• Mean height

• Mean body weight, with one decimal

All components of the co-primary outcomes will be 

reported for the two groups separately, including effect 

estimates with confidence intervals, and will be taken 

into consideration when interpreting the results.

Outcome assessment tools

Routine follow-up varies greatly from site to site and we 

aim to collect data on as many children as possible. The 

following outcome assessment tools may be used to col-

lect data on children in the SafeBoosC-III FU. We defined 

three tiers of data: (1) routine clinical data from health-

care records, (2) parental questionnaire, and (3) informal 

assessments of neurodevelopment. The ‘3-tier model’ 

also represents a principle for prioritisation of the data 

source for classifying the co-primary dichotomous out-

come death or moderate or severe NDD.

Tier 1: routine clinical data

Medical examination A medical examination will ide-

ally include measurement of head circumference; height 

and weight and the child’s vision and hearing will be 

tested either formally or informally. Signs of cerebral 

palsy will be documented and a motor ability scale will 

be used [19]. Finally, the presence of chronic illnesses 

and/or medication usage will be documented. However, 

as described previously, routine follow-up varies from 

site to site and only diagnoses, for example, a diagnosis 

of cerebral palsy, are to be recorded in the electronic case 

report form (eCRF).

Neurodevelopmental assessments and tests Some sites 

do formal assessments of neurodevelopment as a part of 

their routine follow-up. Most sites in the SafeBoosC-III 

FU use the Bayley Scales of Infant Development (Bay-

ley) assessment and therefore it has been chosen for the 

quantitative co-primary outcome. The Bayley is a com-

monly used neurodevelopmental assessment tool to 

identify neurodevelopment delays in children from 1 to 

42 months of age [20].

As of today, the most used neurodevelopmental assess-

ment tool is the Bayley-III. Some sites may switch to the 

Bayley-IV during the SafeBoosC-III FU study. In pub-

lished data from the provider of the Bayley assessments, 

it is argued that there is evidence to support the accuracy 

and validity of the Bayley-IV scores [21]. Furthermore, as 

the Bayley-IV (2019) retains the same subcategories and 

assessment methods as Bayley-III, it is predicted to yield 

similar scores to the Bayley-III. No randomised clinical 

trials have used and published results using the Bayley-

IV as an outcome measure yet, and therefore, the scores 

will be treated as equivalent to the Bayley-III scores in 

the co-primary outcome Bayley-III mean cognitive score. 

In the event of a possible difference between the average 

Bayley-III and IV scores, the nature of a randomised trial 

and block randomisation will equally distribute the dif-

ferences between the cerebral oximetry and usual care 

group. Furthermore, we will conduct a sensitivity analy-

sis investigating a possible influence on treatment effect 

caused by differences in Bayley-III and IV scores.

For the co-primary outcome Bayley-III/IV mean cogni-

tive score, the unadjusted mean scores from the cerebral 

oximetry and usual care group will be compared. If the 

Bayley-III/IV cognitive score is used to evaluate cogni-

tive function for the co-primary outcome death or mod-

erate or severe NDD, the cognitive function cut-off will 

be < 85, as done in previous trials and recommended by 

experts [22].
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Data from other formal neurodevelopmental assessments 

such as the Griffiths, Denver Developmental Screening 

Test, and Ages and Stages Questionnaire will be collected 

only to be used for the co-primary outcome death or 

moderate or severe NDD, in case a Bayley has not been 

performed. If more than one test has been performed, 

they will be prioritised in this order: Bayley IV/III, Bay-

ley II, Griffiths III, Gessell, ASQ, Denver Developmental 

Screening, Peabody, and any other.

Tier 2: parental questionnaire

The parental questionnaires will act as a common denomi-

nator in what may be a heterogeneous clinical data set. The 

parental questionnaire will be comprised of the Parent Report 

of Children’s Abilities – Revised (PARCA-R) non-verbal cog-

nitive scale and a health and development questionnaire.

PARCA-R PARCA-R is a parental questionnaire that 

can be used to assess children’s non-verbal cognitive 

and language development at 24 months’ corrected age. 

The PARCA-R provides high test–retest reliability and 

correlates well with the cognitive score of the Bayley-III 

[23–25]. The questionnaire has been used as a 2-year 

outcome measure in multiple clinical trials [26] and has 

furthermore been translated into several languages. For 

this study, an online platform will be developed, where 

parents of the participating children will be invited to 

complete the non-verbal cognitive part of the PARCA-R 

questionnaire, in their respective languages. This typi-

cally takes less than 10 min to complete [27]. The full 

PARCA-R will not be used, since a validated language 

component is not available in all countries; PARCA-R has 

only been standardised for use in the UK. The PARCA-

R must be assessed on children between 23.5 and 27.5 

months’ corrected age. Children will be classified as hav-

ing moderate or severe NDI when scores correspond to a 

scale score of − 2 standard deviations from the norm [28].

If a neurodevelopmental assessment (i.e. Bayley, Grif-

fiths) of the child is not available, PARCA-R will be used 

for classification for the co-primary outcome death or 

moderate or severe NDD. When more than four items 

are missing, the scores will not be calculated, but will be 

categorised as ‘unknown’.

Health and development questionnaire The PARCA-

R questionnaire will be supplemented with a number of 

health and developmental questions to be answered by 

the parents as well. The questions focus mainly on the 

individual components of the moderate or severe NDD 

outcome definition, as well as quality of life questions. 

It will be available on the online platform as well. The 

coding of the health and development questionnaire for 

the co-primary outcome moderate or severe NDD can be 

found in Appendix B.

Tier 3: informal assessments of neurodevelopment

If no formal assessments of the child have been con-

ducted between the ages of 18 and 30 months’ corrected 

age, the blinded assessor will provide an informal assess-

ment of the presence or absence of moderate or severe 

NDD based on all available information on the child from 

at least 12 months’ corrected age. If no formal neurode-

velopmental assessment (i.e. Bayley, Griffiths) of the child 

has been conducted, the local co-investigator will also 

provide an informal assessment of moderate or severe 

NDD.

For additional details on the 3-tier model, see Appendix C.

Power estimations for the co‑primary outcomes

The sample size calculation of 1600 participants for 

the SafeBoosC-III trial was based on mortality and the 

prevalence of survivors with severe brain injury in the 

SafeBoosC-II trial, i.e. a 22% relative risk reduction in 

the composite primary outcome from 34 to 26.5% (abso-

lute risk reduction of 7.5%), at an alpha level of 5%, and a 

power of 90% [15]. Of the 1601 participants randomised, 

1276 were alive at 36 weeks’ post-menstrual age and will 

potentially be available for the SafeBoosC-III follow-up 

study. The following calculations were carried out using 

the software OpenEpi (Dean AG, Sullivan KM, Soe MM. 

OpenEpi: Open Source Epidemiologic Statistics for Pub-

lic Health, Version.)

Death or moderate or severe neurodevelopmental disability

Based on answers to a questionnaire on systematic 

routine follow-up from participating sites, as well as 

implementing parental questionnaires and informal 

assessments to classify neurodevelopment, we believe 

it is reasonable to expect a minimal loss to follow-up 

and expect the total sample size for the outcome death 

or moderate or severe NDD to near 1600 participants.

Based on results from two randomised clinical trials 

investigating neuroprotection in preterm infants [29, 30], 

it is estimated that the proportion of children with the 

outcome death or moderate or severe NDD will be 50% 

in the usual care group. An indicative power calculation 

shows that if we want to test an absolute risk difference 

of 8%, between the experimental and control group, at an 

alfa of 2.5% and a sample size of 800 participants in each 

group, i.e. a total of 1600, we will reach a power of 80% 

for this outcome.
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Bayley‑III/IV mean cognitive score

Based on answers to a questionnaire on systematic rou-

tine follow-up, it is expected that 65% of the sites will 

be able to provide data from a Bayley-III/IV assessment 

around 2 years’ corrected age for each child. Assuming 

that these sites enrol their proportion of the eligible par-

ticipants to the SafeBoosC-III trial, approximately 850 

participants will be available for Bayley-III/IV assess-

ments at 2 years of age.

An indicative power estimation shows that if we want 

to test a mean difference of five points on the Bayley cog-

nitive score, with a standard deviation of 20 (Cohens d’ 

0.25) between the cerebral oximetry and the usual care 

group, at a 2.5% alfa-level, with a sample size of 425 par-

ticipants from each group in the follow-up study, i.e. a 

total of 850, we will reach a power of 90%.

Primary analyses

The primary analyses of all outcomes will be based on the 

intention-to-treat population. Mixed-effect linear regres-

sion and mixed-effect logistic regression will be used to 

analyse the dichotomous and continuous co-primary 

outcomes, respectively. In the regression models, ‘site’ 

will be included as a random effect, while ‘gestational 

age below or above 26 weeks of postmenstrual age’ and 

‘group allocation’ will be included as fixed effects. To cor-

rect for multiple testing, the threshold for statistical sig-

nificance will undergo Bonferroni adjustment, and thus 

a p-value of 0.025 for each primary outcome is chosen. 

Superiority of the intervention will only be claimed if at 

least one of the two co-primary outcomes is statistically 

significant at this level. All other outcome results will be 

considered hypothesis-generating. In addition, we will 

perform several pre-defined sensitivity analyses to inform 

the interpretation of the results of the primary analysis. A 

full statistical analysis plan will be developed and submit-

ted for publication before the analysis of the SafeBoosC-

III FU data.

Data extraction and coding

All data extraction from health care records and data 

entry into the e-CRF will be conducted by an asses-

sor who is blinded to group allocation. The co-primary 

outcome Bayley-III/IV mean cognitive score will be 

extracted from the health care records of the Bayley-III/

IV test. The co-primary outcome death or moderate or 

severe NDD will primarily be based on an assessment of 

available health care records, from when the child was 

between 18 and 30 months’ corrected age. If more than 

one formal neurodevelopmental assessment has been 

conducted, the score of the latest should be used. If for-

mal assessment of all four components is not available, 

the missing components will be substituted with answers 

from parental questionnaires (PARCA-R and health and 

development questionnaire, if available) as a step in the 

final data analysis, if these are available. The data col-

lection and management for this study will utilise the 

OpenClinica open source software, version 3.1. Copy-

right OpenClinica LLC and collaborators, Waltham, MA, 

USA, www. OpenC linica. com hosted by the Copenhagen 

Trial Unit. The answers from the questionnaires will be 

reported web-based into REDCap hosted at The Capital 

Region of Denmark by the parents or by the investigator 

who provides the questionnaire in the follow-up clinic or 

via phone.

Blinding

Due to the nature of the trial intervention, children and 

their parents were not blinded to treatment allocation, 

and therefore, completion of parental reported question-

naires cannot be blinded. However, a co-investigator who 

is blinded to group allocation will look through all rel-

evant health care records, do classifications, and report 

data into the eCRF. To ensure that the co-investigator 

who will do the outcome assessment is blinded, the prin-

cipal investigator and co-investigator from each site must 

develop a local blinding procedure describing the work-

flow. This process will be approved by the central trial 

unit before the study commencement. Thus, all outcome 

data except for the parental-reported questionnaires 

are assessed blindedly. Data managers, statisticians, and 

those writing the abstracts as well as drawing conclusions 

will also be blinded.

Ethical review

The need for supplementary approval of the follow-up 

study by a Research Ethics Committee will differ among 

countries. In some countries, no REC approval may be 

necessary. In some countries, a Research Ethics Commit-

tee approval may be an addition to the approval of the 

randomised clinical trial. As the SafeBoosC-III follow-up 

study does not include exposures to any additional inter-

ventions, there are no safety risks for children. Thus, an 

interim analysis is not necessary.

Consent

When infants were randomised in the SafeBoosC-III 

trial, the parents were made aware of the possibility of a 

potential follow-up study and permission to contact fam-

ilies as foreseen in the information sheet the parents were 

given at inclusion. The need for explicit consent for using 

clinical data from health care records for the SafeBoosC-

III FU may differ between countries. In some countries, 

turning up for examination or answering questionnaires 

will be considered sufficient, implicit consent. Some cen-

tres will send out consent forms by mail while some will 

http://www.OpenClinica.com
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collect consent when the families come to the routine fol-

low-up appointments. We have supplied the participat-

ing centres with a standard consent template, which may 

be altered according to local needs.

Data management plan

All the participants data are protected in accordance with 

the Danish Act on the processing of personal data and 

the Danish Health Act. Data will be stored in accordance 

with guidelines issued by the Danish Data Protection 

Agency, where the follow-up study will also seek approval 

from. Data are pseudonymised, and only site numbers 

and study numbers are used to identify children. Per-

sonal identifying information linking to study numbers 

will be kept in the trial master file at the local site. A 

central monitoring plan has been developed to maxim-

ise data quality. This will be done by identifying centres 

with missing data. This is possible since the date of birth 

of the participants of the randomised trial is known. Fur-

thermore, centres with predefined quality deficiencies or 

noteworthy data deviations as identified by visual inspec-

tion of data distributions. Primary investigators of these 

centres will be contacted to remedy deficiencies, if possi-

ble. This procedure will be re-iterated every third month. 

The central data monitoring plan is available in the Sup-

plementary Appendix on page 13.

Six months after the acceptance of the main publica-

tion presenting the primary outcome of the study, the 

dataset will be transferred to the Danish data archive, 

after re-coding of variables (birth weight, gestational age, 

sex, site, study number) that may be used for reidentifi-

cation. This data set can be made available for others as 

decided by the trial steering committee. Due to the resid-

ual risk of re-identification, the dataset will not be placed 

in public space.

Publication plan

Once all data from the study has been analysed, the 

results will be published in a peer-reviewed international 

journal. Members of the steering group will be offered 

authorship. Furthermore, one investigator per participat-

ing site can obtain co-authorship. All authors must fulfil 

the ‘Vancouver Criteria’. The blinded assessor complet-

ing the data entries will obtain non-byline co-authorship. 

Ancillary studies with results potentially affecting the 

main study or compromise its publication shall not be 

published before the main results of the study have been 

published, as decided by the trial steering committee.

Timeline

The first randomised infant in SafeBoosC III reached 

2 years of corrected age in September 2021, while the 

last follow-up assessment is expected to be completed 

around autumn of 2024, which is when the last infant 

randomised will reach 2 years of corrected age plus 6 

months of the reserve.

Discussion
The SafeBoosC-III trial tested if treatment guided by cer-

ebral oximetry during the first 72 hours after birth could 

decrease the risk of death or severe brain injury at 36 

weeks’ post-menstrual age in extremely preterm infants. 

No significant difference was found between the cerebral 

oximetry and the usual care group [14]. The SafeBoosC-

III follow-up study will collect data on trial participants 

at 2 years’ corrected age to assess mortality and neurode-

velopmental disability. Most importantly, this will allow 

for an assessment of long-term harms.

Motivation: brain injury in the neonatal period and later 

neurodevelopment

Neurodevelopmental disability is the brain-specific 

patient-relevant outcome and neonatal brain injury is 

not a perfect surrogate outcome. Despite an association 

between severe brain injury diagnosed in the neonatal 

period and later neurodevelopmental disability, this rela-

tionship is not always strong. Not all infants with brain 

injury on ultrasound scans suffer from later neurodevel-

opment complications [31]. On the other hand, among 

extremely preterm infants with no ultrasound abnormali-

ties, 23% had delayed mental development and 26% had 

delayed psychomotor development at 2 years of age [32].

One of the most common therapies given in the neona-

tal intensive care unit is oxygen. Oxygen is also an inter-

vention of the SafeBoosC-III treatment guideline, which 

recommends adjustments of cardio-respiratory support 

to keep cerebral oxygenation above the hypoxic thresh-

old. It has been shown that certain brain structures, such 

as white matter, are especially vulnerable to hypoxia 

[9]. On the other hand, with hypoxia a higher need for 

oxygen occurs which is also associated with white mat-

ter abnormalities and adverse neurodevelopment [33]. 

White matter injuries are difficult to detect on cerebral 

ultrasound, and thus, the results of early hypoxia and 

subsequent white matter injury may not be seen until 

later in childhood.

Oxygen therapy and possibly toxicity are also a threat 

to other organs. Premature infants are more sensitive to 

oxidative stress and have decreased protective mecha-

nisms compared to infants born at term [34]. Hyper-

oxia, most likely to be induced by oxygen therapy, is well 

known to contribute to the development of bronchopul-

monary dysplasia as well as retinopathy of prematurity. 

However, the extent of these diseases may be difficult to 

assess till after 36 weeks’ post-menstrual age. Of long-

term effects, moderate to severe bronchopulmonary 
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dysplasia contributes to a poorer resistance to respira-

tory viral infections in adulthood as well as the risk of 

neurodevelopmental disabilities. Oxygen-induced retin-

opathy of prematurity is well known to contribute to 

blindness [35].

To our knowledge, only one previous study has investi-

gated the long-term outcome of cerebral oximetry moni-

toring during the first 72 h after birth. This was evaluated 

in the SafeBoosC-II trial where 115 participants were fol-

lowed up and showed no differences between the inter-

vention groups [11]. There are multiple challenges in 

conducting the SafeBoosC-III follow-up study.

Challenge 1: not planned initially

The SafeBoosC-III FU was described as an ‘ancillary’ 

study in an appendix in the SafeBoosC-III trial protocol 

[12]. Due to uncertainties about funding and the strength 

of the collaboration among the participating sites across 

many countries, no plans or agreements were made ini-

tially. As the participation, support of the trial and ran-

domisations increased, it was decided by the steering 

committee that a follow-up study should be conducted. 

Like the SafeBoosC-III trial, the SafeBoosC-III FU is a 

pragmatic, low-budget, investigator-initiated study and 

the trial sponsor is not able to support local sites finan-

cially. Therefore, we refrained from a trial-specific follow-

up with standardised examination methods. Instead, we 

will rely on chart review of routinely collected clinical 

data supplemented by parental questionnaires. However, 

routine follow-up of preterm infants is done differently in 

participating sites. Some sites are required by law to fol-

low up on extremely preterm infants while others do not 

have a follow-up clinic at all. Thus, plans for participant 

retention and completion of follow-up will depend on the 

participating centres’ routines for follow-up of extremely 

preterm.

Solution: After a survey among the participating sites, 

data collection was planned to minimise the work for 

investigators, reduce the risk of ‘study-fatigue’, and opti-

mise the compatibility of the reported data. We devel-

oped a 3-tier model that prioritises the data used to 

classify moderate or severe NDD. For a description of the 

3 tiers, please see the ‘Methods’ section. We have chosen 

this strategy to minimise the number of participants lost 

to follow-up, since we consider that even a casual clini-

cal note on a small child with an acute condition needing 

health care may provide a better estimate of the presence 

or absence of moderate or severe neurodevelopmental 

disability, than does imputing from the data collected in 

the SafeBoosC-III until 36 weeks’ post-menstrual age. 

The robustness of this strategy will be tested by statisti-

cal sensitivity analyses. This 3-tier model may also be 

relevant for other follow-up studies which do not have 

the funding to pay for trial-specific tests or examinations.

Challenge 2: loss to follow‑up

Loss to follow-up is a major challenge for neonatal tri-

als. Loss to follow-up varies from 25 to 50% in most trials 

[36]. Patients who are lost to follow-up tend to differ from 

those who remain in the study, with the most important 

factor being socioeconomic status [37]. Loss to follow-

up is also more common in children with neurodevelop-

mental disability [38]. Both impose a risk of attrition bias. 

In our study, it is unlikely that loss to follow-up will be 

biased in terms of the group allocation since the inter-

vention was only an initial part of a long clinical course.

Solution: To reduce the bias induced by differential loss 

to follow-up, sites that do not expect to provide good 

follow-up rates will be excluded and children will only 

be accounted for in sites which have chosen to actively 

participate.

Challenge 3: statistical power

SafeBoosC-III was powered to detect a reduction in 

death or severe brain injury from 34 to 26% which cor-

responds to a 22% relative risk reduction [15]. Since mor-

tality after 36 weeks’ post-menstrual age is unlikely to be 

influenced by the intervention, and factors other than 

brain injury contribute to neurodevelopmental disability, 

the effect of the intervention is expected to be less at 2 

years of age. Therefore, the power of the SafeBoosC-III 

follow-up study is less to show a difference on the dichot-

omous co-primary outcome death or moderate or severe 

NDD at 2 years’ corrected age.

Solution: We will have two co-primary outcomes. By 

this, we combine a chance to detect a benefit in a directly 

patient-relevant outcome, i.e. neurodevelopmental disa-

bility, with a high likelihood of being able to detect a ben-

efit in terms of higher cognitive scores, even though it is 

needed to adjust the p-value for two outcomes. Although 

early childhood cognitive scores are not directly patient-

relevant, they are correlated with later IQ, school perfor-

mance, and educational achievements [6].

Due to the expected non-participation of some sites 

and the loss to follow-up in those sites who do take part, 

the power will be somewhat reduced. At 30% fewer par-

ticipants, the power for the dichotomous outcome would 

be reduced from 80 to 70%. This will be considered when 

interpreting our results.

Challenge 4: blinding

The blinding of the clinical assessments behind the health 

care records cannot be controlled. It is, however, unlikely 

that the group allocation is in focus at the time of follow-

up after discharge. The intervention was delivered during 
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the first 72 h after birth of a hospital admission lasting 

2–4 months.

Solutions: To reduce potential bias, each site must 

develop a procedure whereby the investigator can read all 

relevant health care records, do the necessary classifica-

tions, and report into a fully structured web-based eCRF. 

The eCRF will perform the 3-tier classification for the co-

primary outcome moderate or severe neurodevelopmen-

tal disability, limiting possible bias and random error.

Challenge 5: assessment of cognitive scores

Routine follow-up assessments are done differently 

across sites participating in the SafeBoosC-III FU. For-

mal assessments of neurodevelopment are commonly 

the Bayley II, III, and IV as well as the Griffiths or Den-

ver Developmental Screening and others. Some sites may 

routinely use questionnaires such as the PARCA-R or 

the Ages and Stages Questionnaire. Thus, we have many 

different types of neurodevelopmental assessments and 

thereby cognitive scores reported in our study, which 

may be difficult to compare and interpret, since the test 

may assess different cognitive domains and standardi-

sations also vary between countries. An example is the 

well-debated 8-point difference between the Bayley II 

and Bayley-III [22]. This has implications for both clinical 

practice as well as research, where the underestimation 

of neurodevelopmental disability in regard to the Bayley-

III may lead to reduced statistical power in randomised 

trials. Furthermore, it may vary from site to site whether 

prematurity is corrected for when conducting the Bay-

ley assessment at 24 months’ corrected age. In extremely 

preterm infants, scores may differ over 1SD, i.e. up to 20 

points, when correcting or not.

Solution: We ask investigators to report if the Bayley 

score has been corrected for prematurity or not.

For any other assessment than the Bayley-III and Bay-

ley-IV, investigators are asked if the score of the neu-

rodevelopment test is indicative of neurodevelopmental 

disability. In an ancillary study, standardised mean dif-

ferences of all assessments used in the SafeBoosC-III fol-

low-up will be compared.

Challenge 6: logistics and coordinating

In some sites, the follow-up of infants may be done by 

neonatal intensive care unit health care professionals 

whereas in other sites, it may be done in a separate devel-

opmental unit with new professionals; thus, the data may 

not be as easily accessible. Compared to the SafeBoosC-

III trial, where all data is collected from the neonatal 

intensive care unit admission and is typically gathered 

in one place, the SafeBoosC-III FU relies on more data 

sources to have a sufficient follow-up percentage. The 

data collection also relies on more external factors, such 

as if the parents show up to the consultations and com-

plete the questionnaire. Data may have to be collected 

across different departments, data systems, hospitals, and 

more. Furthermore, the SafeBoosC-III study has been 

going on for several years and may be at risk of ‘study 

fatigue’ meaning that involved investigators have less 

motivation to contribute as time goes on.

Solution: The blinded assessor is a health care profes-

sional who has not previously been involved in the Safe-

BoosC-III trial, providing fresh eyes and motivation to 

the study. The blinded assessor will, typically, be involved 

in the follow-up of infants, thus creating a connection 

between the principal investigator in the neonatal inten-

sive care unit and the follow-up clinic where assessments 

are carried out. We have aimed to minimise extra work 

in the data collection by developing a simple eCRF which 

is easy and effective to fill out. Every month we will be 

sending out newsletters with each site’s data completion 

rates to promote transparency. Every 6 months, if not 

otherwise warranted, we will host online steering com-

mittee meetings to keep the motivation going.

A note on parental questionnaires

In this study, we will collect not only clinical data, but 

also parental-reported data, which may give us valu-

able information about the child’s development. The sites 

which do not have routine follow-up clinics can thereby 

still participate by focusing on parental questionnaires. 

We utilise both the standardised PARCA-R non-verbal 

cognitive scale consisting of 34 questions and an addi-

tional 11 questions on general health and development, 

which we can substitute for clinical data if such data are 

not available, according to the 3-tier model. With this 

dataset, we will also be able to compare the clinical data 

with parental-reported data to examine the correlation 

between what physicians have diagnosed and what the 

parents remember and have perceived. The health and 

developmental questionnaire also collects subjective con-

cerns such as if the parents believe their child is thriving. 

The parental concerns may also reveal any unexpected 

harms which may not have been observed or voiced in 

the routine follow-up assessments. Furthermore, we col-

lect information on parental education which is known 

to be associated with the developmental trajectory of 

preterm children. We believe that the collection of both 

clinical data and parental questionnaires will strengthen 

the final dataset.

We will emphasise the parental questionnaires, as they 

function as the common denominator in the SafeBoosC-

III FU dataset. However, depending on socioeconomic 

status, motivation, and other external factors, this may 

be a challenge, and from previous studies, we know that 

completeness rates of parental questionnaires may be 
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low. Also, we depend on local investigators for remind-

ing, since no contact information is held at the central 

trial centre. The parents will typically receive a link or QR 

code directly from the investigator and fill it out online. 

However, in some sites, Internet access may not be com-

mon for parents and therefore it is also possible to intro-

duce the questionnaire in the follow-up clinic and assist 

the parents in filling it out. It is also possible to call the 

parents and ask the questions. These solutions will hope-

fully lead to a higher completeness.

In conclusion, the SafeBoosC-III FU will follow up with 

trial participants of the SafeBoosC-III trial at 2 years’ cor-

rected age to assess mortality and neurodevelopmental 

disability following treatment guided by cerebral oxime-

try during the first 72 h after birth. Most importantly, 

the SafeBoosC-III FU will ensure an evaluation of any 

long-term harms. To decrease the risk of generalisation 

and data-driven biased conclusions, we present a detailed 

description of the methodology for the SafeBoosC-III 

follow-up study.

Trial status
The protocol is registered at clinicaltrials.gov 

NCT05134116. The first participant was followed up 

in September 2021 and the anticipated date of study 

completion is October 2024. Recruitment status can be 

accessed at www. safeb oosc. eu.
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