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ABSTRACT

Introduction Preterm infants are at an increased risk
for neurodevelopmental delay. They have to endure many
stressors in early life, including parent-infant separation,
noise and painful procedures during hospitalisation in the
highly technological environment of the modern neonatal
ward. Currently, a shift is being noticed in the architectural
design of neonatal wards towards single family rooms
instead of the common open bay units. The influence

of the hospital environment on health and specifically
neurodevelopment in this vulnerable patient population
remains under discussion.

Objectives To assess the effect of single family rooms
during hospitalisation primarily on neurodevelopment in
preterm infants. Secondary outcome measures will be
neonatal (ie, breastfeeding rates, sepsis, growth during
hospital stay, length of hospital stay) and parental (ie,
parental stress, satisfaction, participation, presence and
self-efficacy).

Methods and analysis The PRISMA-P 2015 (Preferred
Reporting Items for Systematic reviews and Meta-Analyses
for Protocols 2015) 17 items checklist was used for the
generation of the protocol for this review. The following
PICO was formulated: Population: preterm infants with
need of hospitalisation in the neonatal ward; Intervention:
single family rooms; Comparison: standard neonatal care
in open bay units; Outcome: neurodevelopmental outcome
of infants from 9 months onwards. If at least two studies,
with low or moderate risk of bias, suitable for inclusion are
found a meta-analysis will be performed. If quantitative
synthesis is not appropriate the data will be presented
descriptively.

Dissemination plans This will be the first review,
systematically assessing the effect of single family
rooms on neurodevelopmental outcome in preterm
infants. Clinical practice could possibly be optimised to
ameliorate neurodevelopment in this vulnerable patient
population based on these insights. This systematic
review will be published in an international peer-
reviewed journal.

Registration We registered this systematic review
protocol with the PROSPERO (International Prospective
Register of Systematic Reviews) on 2 November 2016
(registration number: CRD42016050643).

Ethics We will use data from patients enrolled in studies
and/or trials already approved by the relevant ethical
committees and therefore this systematic review requires
no further permissions.

Strengths and limitations of this study

» This systematic review and meta-analysis
will represent, to our knowledge, the most
comprehensive analysis of the evidence on single
family rooms and neurodevelopment for preterm
infants.

» The strengths include the systematic and
detailed search strategy, advanced registration
and dissemination of the review strategy; we
used explicit inclusion and exclusion criteria and
described duplicate independent screening, data
extraction and risk of bias assessment.

» The study was limited by the protocol phase and
therefore no results are yet presented; our final
conclusions may be limited by the number and quality
of available studies and clinical, methodological or
statistical heterogeneity.

» With this systematic review we may detect small or
moderate, but potentially meaningful differences,
that individual trials were not able to establish.

» This prospectively defined protocol enhances the
expected utility and applicability of the final results
to ultimately influence neonatal practice.

INTRODUCTION

Background and rationale

An estimated 15million babies are born
preterm annually, 11.1% of all live births
worldwide. This percentage ranges from
about 5% in several European countries
to 18% in some African countries, and it is
rising.' * Direct complications of preterm
birth account for 1 million deaths each year,
and preterm birth is a risk factor in over
50% of all neonatal deaths. In addition,
preterm birth can result in a range of long-
term complications in survivors, with lifelong
effects on metabolic, respiratory, neurolog-
ical and physical health, which contribute to
the prematurity-related burden of chronic
disease in adulthood.” Most notably, preterm
infants are at increased risk for develop-
mental difficulties. Cerebral palsy, attention
deficit and hyperactivity, cognitive delays and
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executive functioning disorders may appear in spite of
modern lifesaving technology.*

The advances in technology are increasing the survival
of preterm infants, and the focus in caregiving for this
vulnerable population shifts to decreasing the burden
of chronic disease and improving the quality of life and
neurodevelopmental outcome. Evidence is increasing
that immaturity in itself and unfavourable environmental
factors (such as separation of parents, lighting, noise,
exposure to varying levels of pain and pain-related stress)
during hospitalisation in the neonatal ward might influ-
ence the range of morbidities in preterm infants including
neurodevelopment and psychosocial behaviour.””

Also, due to the technological environment and
enhancement of the modern neonatal ward, premature
or ill term newborns and their parents are commonly
separated worldwide during hospitalisation, and both
physical and emotional closeness is impaired.” * The
early postnatal life is a sensitive period and impairment
of mother—infant interactions (such as maternal separa-
tion or deprivation) during the early postnatal period has
been shown to disrupt neuroendocrine regulations, such
as upregulation of hippocampal glucocorticoid receptor
and hypothalamic corticotropin-releasing factor, along
with increased corticosterone and adrenocorticotropic
hormone levels.'” These early stress-induced neuroen-
docrine alterations may be associated with behavioural
problems in adulthood, such as impaired memory,
learning and anxiety and depressive-like behaviours, next
to prematurity in itself."

Currently, a shift is being noticed in the field towards
single family rooms (SFR) instead of the common open
bay neonatal wards. Evidence in the Neonatal Intensive
Care Unit (NICU) setting has shown that infants in the
SFR setting weighed more at discharge, had a greater
rate of weight gain, required fewer medical procedures,
had a lower gestational age (GA) at full enteral feed
and less sepsis, showed better attention, less physiologic
stress, less hypertonicity, less lethargy and less pain.'
In conjunction, less maternal stress in the SFR NICU
was present and some of the reduction in stress in the
infants was related to increased maternal involvement."'
Mothers with newborns in SFR nurseries spent markedly
more time with their newborns, as opposed to mothers
of newborns in open bay unit (OBU) nurseries during
the first 2 weeks of their newborns’ lives.'* Mothers who
roomed-in with their preterm infant were more likely to
initiate breast feeding."”” At discharge from the hospital
and at 4 months postdischarge mothers of newborns in
SFR nurseries were significantly more likely to exclusively
breast feed their newborns as compared with mothers of
infants in OBU nurseries.'?

A previous review focused on early interventions
involving parents to improve neurodevelopmental
outcomes in premature infants. Teaching parenting
skills, and/or involving parents in the hospital care of the
preterm appeared to be beneficial on long-term neuro-
development up to an age of 36 months,"* however this

review did not include and/or assessed the influence of
SFRs. Another review discussed the beneficial outcomes
according to the design of neonatal intensive care unit
solely focusing on the difference between open bay
and SFRs in the NICU setting, with regard to published
research between 2000 and 2011," without assessing
neurodevelopmental outcome. Several studies have
assessed the influence of SFRs on neurodevelopmental
outcome with contradictory results.'® '’

Description of the intervention

Single family rooms

These are private rooms in which families are provided
with the (architectural) accommodation to stay with their
infant continuously, day and night, and to be able to
provide daily care.

How the intervention might work

SFRs might facilitate parent—infant closeness, increasing
possibilities to perform kangaroo-mother-care and
interaction between parents and infants with increased
privacy.” '® Also, it may provide the type of high-quality
care and physical environment that will lead to improved
infant outcome through possible expression of specific
genes in brain regions, reducing stress reactivity and
better regulated infant behaviour.” It might reduce
sound and noise levels from the other infants other-
wise accompanying them on a neonatal open bay ward,
which have sensory and adverse influences.” ' % It might
improve sleeping patterns.5 '® Also, sepsis rates might
be reduced, due to the physical separation between
preterm infants and providing areas for hand washing
within each room.” "' ' # With the implementation, SFRs
might promote developmental care and family-centred
care.” Increasing closeness, reducing stressors and sepsis,
increasing and encouraging possibly the length and
amount of breast feeding might enhance or alter brain
plasticity through experience and neurodevelopment of
preterm infants.

Why it is important to do this review

Preterm infants are commonly cared for in open bay
neonatal wards, though a shift is being noticed in the
field towards SFRs. The influence of the hospital envi-
ronment on health and specifically neurodevelopment of
preterm infants remains under discussion. It is important
to review the literature to examine the effect of SFRs on
neurodevelopment in this vulnerable patient population
and to possibly ameliorate caregiving practices for these
individuals.

Objectives
Primary objectives
To assess the effect of SFRs in comparison to standard
neonatal care in OBUs during hospitalisation on neuro-
development in preterm infants.

The following PICO was formulated:

Population:
Preterm infants with need of hospitalisation in the
neonatal ward
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Intervention:
Single family rooms

Comparison:
Standard neonatal care in OBUs

Outcome:
Neurodevelopmental outcome of infants from 9 months
onwards

Secondary objectives

To assess the effect of SFRs in comparison to standard

neonatal care in OBUs during hospitalisation on:

» Neonatal outcome measures: breastfeeding rates, sep-
sis, growth during hospital stay, length of hospital stay,
mortality, morbidity (including retinopathy of pre-
maturity (ROP), bronchopulmonary dysplasia (BPD)
and necrotising enterocolitis (NEC)) critical inci-
dents, cortisol levels and outcome measures defined
in the papers to be of relevance.

» Parental stress, satisfaction, participation, self-efficacy,
bonding and outcome measures defined in the pa-
pers to be of relevance.

METHODS

The PRISMA-P 2015 (Preferred Reporting Items
for Systematic reviews and Meta-Analyses for Proto-
cols 2015) 17 items checklist was used to generate
the protocol for this review.” In accordance with the
recommendations, this protocol was registered with
the PROSPERO (International Prospective Register of
Systematic Reviews) on 2 November 2016 (registration
number: CRD42016050643).

Eligibility criteria

Study designs

We will include investigational studies including
randomised controlled trials (RCTs) or cluster-ran-
domised trials. Also, we will examine studies with a
quasi-randomised, controlled before-after (CBAs) or
interrupted time series (ITS) design for this review.
Observational studies, including cohort, case—control
and cross-sectional studies with clear intervention and
control participants will be considered for this review.

Participants

Preterm infants (GA <37 weeks) and their parents with
need of hospitalisation in the neonatal ward due to the
condition of the child. Inclusion criteria: infants include
stable preterm infants. Stable infants are defined as
preterm infants, without the need of haemodynamic
stimulants, stable according to the attending physician
on non-invasive respiratory support including continuous
positive airway pressure (CPAP)/nasal flow/low flow or
without respiratory support. Infants are allowed to have
tube feeding, parenteral feeding or oral feeding and
central venous lines/catheters. No restrictions for birth
weight are applied.

Exclusion criteria
Asphyxia defined as infants with American College of
Obstetrics and Gynaecology (ACOG) criteria (umbilical

pH <7.000r Apgar score 3 or lower at 5min) will be
excluded, since asphyxia has a major influence on neuro-
developmental outcome.* Parents of infants with severe
psychosocial disorders (mental illness requiring hospi-
talisation) or under supervision of youth care will be
excluded. Children with congenital abnormalities will be
excluded.

If studies of mixed participant samples are identified
relevant to our review, study authors will be contacted
to request the subgroup data for preterm participants
only.

Interventions
The intervention is aimed at in-hospital stay of the infant
without a communal component.

Single family rooms

SFRs are rooms, in which each single patient (the
infant) has a private room, enabling the parents to be
present continuously, also during the night. The room
is equipped with all necessary medical and nursery care.
Tube feeding, cardiorespiratory monitoring, respiratory
support, antibiotics or phototherapy can be provided. It
provides space for the parent(s) to sleep and be present
continuously (including overnight). We will regard single
patient rooms as equivalent to SFRs if parents can stay
present continuously.

Open bay units

These units are OBUs with newborns staying commu-
nally in one room or open bay ward, often in close
proximity to the maternity ward, but physically sepa-
rated. Neonates who require high care, tube feeding,
cardiorespiratory monitoring, respiratory support, anti-
biotics or phototherapy are admitted to these wards.
Medical rounds are done in a separate room from
the OBU, between the nurses and the doctors. Nurses
provide routine care, and parents are welcome at all
times. Due to the setting, the duration that parents can
stay at the bedside of their infant is limited. OBUs do
not provide 24-hour facilities, especially not a place to
sleep or rest for the mother.

Types of outcome measures

Primary outcomes

We will include studies reporting the following outcomes:
neurodevelopmental outcome of infants (from 9 months
onwards). The main interest point are age-appropriate
standardised scales, for instance the mental develop-
mental index or psychomotor developmental index of
the Bayley Scale of Infant Development (BSID, BSID-II
or BSID-III).* The following scales will also be consid-
ered for this review (as described before'*): the McCarthy
Scales of Children’s Abilities,*® Stanford-Binet Intelli-
gence Scale,”” the Griffiths Mental Development Scale®
and the Wechsler Preschool and Primary Scale of Intel-
ligence.” Definitions of outcomes will be extracted as
reported in the individual studies. We will extract the
outcomes (eg, ordinal, dichotomous, continuous) as
reported in the included studies.
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Timing
Studies will be included if at least 70% of participants were
followed up for neurodevelopment for at least 9 months.

Secondary outcomes

1. Neonatal outcome example,
breastfeeding rates, sepsis, growth, length of hospital
stay, mortality and morbidity (including ROP, BPD and
NEC) critical incidents, cortisol levels, readmissions
to hospital. Short-term neurodevelopmental outcome
measures (<9 months of age) will be considered as
secondary outcomes; for instance, the NICU Network
Neurobehavioral Scale® and the Neonatal Behavioral
Assessment Scale.”!

2. Parental stress, satisfaction, participation, presence,
self-efficacy and parent-infant bonding as measured
by standardised scales, for instance the parental
stressor scale.

measures: for

Timing

If feasible, we will make comparisons for the secondary
objectives at different follow-up periods:

» during hospital stay

» short term: less than 3 months after hospital discharge
» long term: after 9 months after hospital discharge.

Language
Studies reporting in the English, Dutch or a language for
which a translator is available will be included.

Information sources

Electronic searches and search strategy

An experienced medical information specialist (JL) will
search the electronic databases MEDLINE, EMBASE,
PsycINFO (OVID), CENTRAL (the Cochrane Central
Register of Controlled Trials) and clinical trial registers.™
The electronic search strategy combines controlled
terms (i.e., MeSH) and text words for preterm infants
(including preterm diseases and NICU) and for terms
indicating single (family) rooms. The search strategy
will not be limited bystudy design,language or date. The
current version of the MEDLINE search strategy is avail-
able in online supplementary file 1.

Searching other resources

Two experts in the field will be contacted to examine a
list of all relevant and related articles to determine any
apertures or supplemental unpublished studies. We
will consider conference and symposia abstracts in the
English and Dutch languages and for which a translator
is accessible for this review (until 31 December 2016). We
will cross-check reference lists and cited articles of identi-
fied relevant papers for any related references.

Data collection and analysis
Selection of studies
The list of references will be downloaded, imported and
deduplicated in ENDNOTE.

Two authors (NRvV and SRDvdS) will independently
discern articles by screening titles and abstracts for

relevance with respect to selection criteria using Rayyan®.
Selection criteria are based on research setting, study
design and reported results. Studies considering the
design of the neonatal ward that did not describe specific
design features (ie, SFRs, or single patient rooms, or
OBUs) and the impact on outcome measures will be
excluded. The reviewers will classify the abstracts as:
included, uncertain or excluded.

Reviewers (NRvV and SRDvdS) will independently and
systematically review full texts of selected abstracts (cate-
gorised as included or uncertain) for further eligibility.
They will use a standardised form with clear inclusion and
exclusion criteria. The two reviewers will resolve disagree-
ment by discussion. If dissent persists between the two
reviewers an independent epidemiologist and researcher
will be consulted.

Data extraction and management

An explicit and standardised data collection form will
be used by two reviewers (NRvV and SRDvdS). The two
reviewers will independently extract data from relevant
studies, including but not restricted to items on study
characteristics, confounding factors and possible cointer-
ventions (items as listed in the PICO). The reviewers will
accumulate the following items for this review: country in
which the study was performed, design of the neonatal
ward, parental presence, hours of kangaroo-mother/
skin-to-skin care, parental participation/engagement,
concept of care given, year of publication, study design,
methodology, sample size, duration of follow-up, defini-
tion of SFR used in study, measurement tool or method
used to quantify neurodevelopment, confounders for
neurodevelopment assessed, unit of measurement
(if appropriate), number and/or times of follow-up
measurements, number of participants included in anal-
ysis, number of withdrawals, exclusions, lost to follow-up,
participants’ characteristics (neonatal or parental) and
all patient-important reported outcomes. RevMan V.5.3.5
will be used. If multiple publications report data from
the same study population, the most recent outcome of
interest will be assessed. We will get in touch with study
authors twice when relevant data are not explicitly or
clearly reported.

Risk of bias in individual studies

Risk of bias in randomised trials will be assessed inde-
pendently by two reviewers (NRvV and SRDvdS) using
the Cochrane Collaboration’s Risk of Bias Tool (assessing
allocation concealment, blindness of intervention,
completeness of follow-up, blinding of outcome assess-
ment). To determine the quality of ITS, CBA studies,
cohort, case—control studies and cross-sectional studies,
the reviewers will independently use the Cochrane Risk
of Bias Tool for Non-Randomised Studies of Interven-
tions (ROBINS-T).* We will calculate the kappa score
for the risk of bias across the seven domains of the
ROBINS-I tool. According to the methodological charac-
teristics assessed, reviewers will independently categorise
the studies’ risk of bias as low, moderate, serious and
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critical. This will be done in duplicate. Disagreement will
be resolved by discussion and then by consulting a third
author.

Data synthesis

Measures of treatment effect: neurodevelopment

If the two reviewers independently find at least two
studies, with low or moderate risk of bias, suitable for
inclusion, with acceptable heterogeneity a meta-analysis
will be performed. We will use a random-effects model to
combine the results on neurodevelopment in a meta-anal-
ysis. Continuous data (eg, Bayley scales of development)
will be analysed computing the weighted mean difference
with 95% Cls (as described before'* *%). The weighted
mean difference is calculated by weighing the inverse of
the variance of the non-standardised difference between
the mean cognitive test scores of the preterm infants
cared for with SFR and the preterm infants cared for in
OBUs. Cognitive scores from all studies will be obtained
from comparable tests of cognition; see also the Primary
outcomes section.” For dichotomous data we will
calculate the effect size as ORs with their 95% CIs. Where
feasible, results will be shown graphically using a forest
plot.

The direction of the effect, the size of the effect and
the consistency of the effect of hospital setting on neuro-
development in preterm infants will be assessed in the
included studies. Review Manager (RevMan, V.5.3.5) will
be used.

If quantitative synthesis is not appropriate we will
not perform a meta-analysis and data will be presented
descriptively. We will use guidance from the Centre for
Reviews and Dissemination to provide full-text narrative
review of our findings.*

Dealing with missing data

Original authors will be contacted twice to request missing
data. We will use sensitivity analysis to analyse missing
data, imputing the worst and best outcome as described
in the paper of relevance.

Assessment of heterogeneity

Heterogeneity will be assessed computing I* to quantify
inconsistencyand variability to be presentin the meta-anal-
ysis.37 It will be considered as follows (as described in
the Cochrane Handbook for Systematic Reviews of Interven-
tions™): 0%-40% might not be important; 30%-60% may
represent moderate heterogeneity; 50%-90% may repre-
sent substantial heterogeneity; 75%-100% represents
considerable heterogeneity. If substantial heterogeneity
is present we will not perform a meta-analysis. Linear
meta-analysis regression models will be used to explore
the impact of covariates specified by the studies on
heterogeneity.

Subgroup analysis

If sufficient studies are available, subgroup analyses will

examine:

» The differential effect of SFR by extent of prematu-
rity (eg, extremely preterm GA <26 weeks, very pre-

term <32 weeks and late preterm <37 weeks of gesta-
tion).

A priori, we will define subgroups according to neonatal
risk and type of intervention. High-risk neonates are
defined as infants with brain structural abnormalities
(including periventricular leucomalacia and intraven-
tricular haemorrhage) or sensory abnormalities (ROP,
blindness or deafness) or motor disabilities (including
cerebral palsy) as described before.'* Infants without
above criteria are defined as low-risk infants.

Only if more than 10 studies are available for meta-anal-
ysis, we will use meta-regression to estimate the effect of
the different study designs with their individual risk of
bias on outcome variables.

Sensitivity analysis

We will perform sensitivity analyses to assess if the find-
ings are robust over the assumptions made during the
review process.

Possible decisions which will be considered to be
subject of the sensitivity analysis are: eligibility criteria,
data analysed and analysis methods. Especially risk of
bias will be subject to sensitivity analysis to analyse how
conclusions might be affected if studies at high risk of
bias were included. If SFRs without facilities for parents to
be able to be present 24hours/day are encountered, we
will perform sensitivity analyses to estimate the influence
of parental presence. Sensitivity analyses will be reported
in a summary table.

Metabias

Funnel plots will be used to assess publication bias. The
recommendations on testing for funnel plot asymmetry
as described in the Cochrane Handbook for Systematic Reviews
for Interventions will be followed.*®

Confidence in cumulative evidence

We will use the Grading of Recommendations Assessment,
Development and Evaluation working group method-
ology to assess the quality of evidence for all outcomes.

Dissemination plans

This will be the first review, which systematically assesses
the effect of SFRs on neurodevelopmental outcome in
preterm infants. With these insights clinical practice
could possibly be optimised to ameliorate outcome and
specifically neurodevelopment in this vulnerable patient
population. This systematic review will be published in
an international peer-reviewed journal.
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