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A B S T R A C T

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

To assess the benefits and harms of vestibular stimulation compared to standard care or non-vestibular stimulation for physical and
neurological development in preterm infants.

To assess whether the eJects of vestibular stimulation diJer according to gestational age at birth; the type, frequency, and duration of the
intervention; and settings, such as the country where the study is conducted.
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B A C K G R O U N D

At birth, newborns experience a large and rapid change in their
environment, from the intrauterine to the extrauterine, which
requires them to adapt to survive and avoid injury and illness
quickly.

The uterus is an environment that is fluid-filled, temperature
controlled, well-cushioned from external trauma, dark [1, 2], and
with a low sound level [3, 4], overall reducing external stimuli
and restricting the range of movement [5]. Furthermore, the fetus
is surrounded by external rhythmic stimuli, such as the mother’s
heartbeat and breathing, walking, speech, and music [6], and
vestibular stimuli from the mother's movement.

In contrast, the world of the neonate is suddenly dry, cold (or at
least not temperature-controlled), bright, and noisy, where every
bump is felt keenly by the infant. The infant is no longer exposed to
the same external rhythmic or vestibular stimuli [5].

Description of the condition

A regular, term pregnancy lasts 37 to 42 weeks, where the last
weeks are spent preparing for extrauterine life. Preterm labor and
premature birth are anything less than 37 completed weeks of
pregnancy, and are further divided into moderate to late (32 to 37
weeks), very preterm (28 to 31 weeks), and extremely preterm (<
28 weeks) [7, 8]. Of all live births, 11.1% are considered premature,
with a wide range from 5% in some European countries to 18% in
some African countries [9].

The premature infant may lack, in part or in whole, some of
the adaptive features for extrauterine life that develop toward
the end of gestation. Because of that, the degree of prematurity
influences the risk of certain complications and their severity,
such as breathing diJiculties from immature lungs, surfactant
deficiency, diJiculties regulating body temperature from less body
fat, reduced ability to regulate blood sugar and excrete bilirubin,
cardiovascular complications, fluid loss, and a reduced ability to
ensure suJicient nutrition [8, 10].

The premature infant therefore has an increased risk of poor
outcomes, in part from the same etiology as the preterm birth
(such as maternal illness, placental insuJiciency, etc.), and in part
because of being less developed and thus less adapted to the
extrauterine environment than term children. Increasing degree
of prematurity may increase the risk of death, low birthweight,
lung problems, infection, poor feeding, cognitive dysfunctions,
sensory deficits, etc. Indeed, of 5.3 million deaths in children
under five years of age in 2019, 17.7% were due to preterm birth
complications, making prematurity the leading cause of death in
children in that age group, ahead of lower respiratory infections
(11.6%) and diarrhea (9.1%) [11].

Furthermore, there is a concern that the stay and treatment in a
neonatal intensive care unit (NICU), although necessary, may have
deleterious eJects on the neonate. The already at-risk infant may
be exposed to the environmental changes mentioned above, but
also to painful procedures, frequent examinations, diaper changes,
and care from many diJerent people. This may cause the infant
additional stress and increase the risk of adverse events, as well as
aJect the infant's early attachment to their parents [12, 13,14, 15,
16, 17].

One aspect of the environmental changes a neonate experiences is
the need to relate to the world around it via its vestibular system.
This system gives the sense of balance and body position relative
to external forces like gravity and acceleration/deceleration. It
consists of a peripheral portion, including the inner ear, and a
central portion, including the brainstem and cerebellum [12, 13].
The vestibular system starts developing early, with the beginnings
of vestibular organs around 7 weeks of gestation, and continues
throughout the pregnancy, with a fully developed Moro-reflex
around 32 weeks of gestation, and vestibular pathways reaching
maturity around 39 weeks [14]. However, the vestibular system is
likely mature enough, with connections between the peripheral
and central parts, to respond to vestibular stimuli already at 25
weeks gestational age [18]. In the intrauterine environment, the
fetus will receive rhythmic stimulation from the maternal heartbeat
and movements while breathing, walking, etc., in addition to near-
constant vestibular stimulation from the buoyancy of the amniotic
fluid [19]. In a healthy, term infant, this system will be stimulated
by changing body positions and movement when liRed, carried,
nursed, changed, etc. However, for the premature neonate, this
stimulation may be lacking to a greater or lesser degree.

Description of the intervention and how it might work

The vestibular system begins to develop during pregnancy as one of
the first sensory systems. Human vestibular system morphogenesis
is finished by the 49th day of pregnancy, and during the 8th and 9th
months of intrauterine life, the vestibular nerve is myelinated and
starts functioning [18]. Responses to vestibular stimulation have
been documented as early as 25 weeks of gestational age [18]. ARer
birth, the vestibular system is stimulated and strengthened by any
movement that causes a newborn to change position or to gently
rock, roll, bounce, swing, or spin. Stimulation of the vestibular
system is crucial for muscle tone development.

Compared to fetuses of the same gestational age, who receive
vestibular stimulation from an average of 5000 maternal steps
per day, preterm babies experience very little vestibular rhythmic
stimulation, as they spend most of the time in the incubator in a
horizontal position [20, 6].

It has been suggested that targeted vestibular stimulation in the
premature infant may improve neurodevelopmental outcomes
(motor function, balance, sensory processing, learning) [19, 6],
sleep patterns [21, 20], pain response, heart rate, respiration, apnea
[22, 23], and sucking behaviors and feeding skills [24]. It can also
increase such neuromotor functions as passive muscle tone, active
motility, posture, oral motor function, and neuromuscular maturity
[25, 24].

Multiple modalities for giving vestibular stimulation have been
proposed and attempted, including the following.

• Rocking performed by caregivers carrying the infant or by
placing the infant in a rocking bed or hammock. This may mimic
the movement and rhythm the fetus experiences in utero from
maternal walking and infant in utero movement [25, 26, 23, 24].

• Swinging the baby around performed by caregivers.

• Placing the infant on waterbeds or air mattresses giving
vestibular-proprioceptive stimulation, either oscillating head-
to-foot or side-to-side (usually 8 to 16 pulses per minute,
at regular or irregular intervals) or non-oscillating, for giving
vestibulo-proprioceptive stimulation similar to that experienced
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by the fetus. This may be continuous or periodic of variable
duration [27, 22, 19, 28].

• A caregiver holding the infant sits in a mechanical vestibular
system, a chair placed on a gliding system, allowing for smooth
horizontal linear motion at variable frequencies [24].

Comparisons have included holding and pacifier use [24], non-
oscillating beds, diJerent frequencies and regularity [19], non-
rocking beds [23], nesting in prone [25] or lateral position [26], or
some kind of regular incubator mattress [20].

It has been shown that rocking helps develop some sensory
modalities, such as visual and auditory [22, 19, 24]. Apneic episodes
occur less frequently when rocking stimulation is used, and it
lowers the necessity of respiratory treatment [22, 23, 24]. These
results demonstrate the powerful impact vestibular stimulation can
have on a variety of physiological processes, including breathing.
The infant's attention can then be directed toward external events,
like reacting to their surroundings, as the increased neural stability
and discharge synchrony among vestibular aJerents provided by
rocking decreases the intensity of the infant's internal needs, such
as crying and/or disorganized states [29].

Preterm newborns' respiratory rhythms have also been eJectively
trained by the use of rhythmic vestibular stimulation, which
may have significant and immediate eJects on their health [30].
The authors found that 42 to 50 cycles per minute is the ideal
rocking rate for synchronization with the respiratory rhythm. Tuck
and colleagues built a rocking bed that induces a consistent
cephalocaudal rocking motion [23]. The amount of apnea in
preterm newborns was lower in rocking beds than in motionless
ones [23]. In their research [31], Barlow and colleagues provided
preterm babies with seven separate rocking stimulations (linear
horizontal motion stimuli) with varying rates, demonstrating that
preterm babies respond to a particular stimulation by increasing
their respiratory rates while keeping a steady pulse [24].

Since vestibular system development depends on the gestational
age, it seems that the benefits of vestibular stimulation might
depend on the preterm newborns' maturity. The results might
also diJer depending on the type of intervention, how frequently
it is provided, the length of each session, and how long it is
administered.

Why it is important to do this review

Multiple modalities for vestibular stimulation of infants have been
proposed and attempted, with many variations of type, duration,
frequencies, directionality, etc., comparisons, and outcomes.
Studies have shown diJerences in eJicacy for seemingly similar
interventions, sometimes directly opposite of each other.

A 2006 Cochrane review on developmental care for promoting
development and preventing morbidity in preterm infants found
numerous studies examining multiple interventions, including
modification of external stimuli, for diJerent outcomes. While
showing an overall benefit, the eJects of various interventions
could oRen not be teased apart, and many outcomes did not
demonstrate a consistent eJect [32], or were found to have overall
poor-quality evidence for neurodevelopmental interventions in
preterm infants [33]. This review covered various interventions
initiated during NICU hospitalization without focusing on vestibular
stimulation.

An updated, rigorous review of diJerent modalities of vestibular
stimulation and their variations on diverse outcome measures is
therefore needed to assess their eJicacy. This review may help
guide further research and clinical practice. Moreover, it is also
important to evaluate which equipment may be necessary to
comfort neonates in the future NICU environment and for the
market of equipment developed intended to comfort neonates (e.g.
hammocks or chairs with rocking, etc.).

O B J E C T I V E S

To assess the benefits and harms of vestibular stimulation
compared to standard care or non-vestibular stimulation for
physical and neurological development in preterm infants.

To assess whether the eJects of vestibular stimulation diJer
according to gestational age at birth; the type, frequency, and
duration of the intervention; and settings, such as the country
where the study is conducted.

M E T H O D S

For this protocol, we have followed methodological guidance from
the Cochrane Handbook for Systematic Reviews of Interventions and
reporting guidance per PRISMA-P [34, 35, 36]. For the review, we will
follow methodological guidance from the Cochrane Handbook for
Systematic Reviews of Interventions [34] and MECIR (Methodological
Expectations for Cochrane Intervention Reviews) [37], and report
the review following PRISMA [34, 38, 39].

Criteria for considering studies for this review

Types of studies

We will include randomized controlled trials (RCTs) or quasi-RCTs
(i.e. allocation is decided by an approximation of randomization,
e.g. allocation by patient ID number). We will include cluster-
randomized trials and exclude cross-over trials because they will
not be able to report on neurodevelopmental outcomes, which
develop over time. We will exclude non-randomized cohort studies
because they are prone to bias due to confounding by indication or
by residual confounding, both of which may influence results [40]
[41].

Types of participants

We will include newborn infants that are preterm (born at less than
37 weeks’ completed gestation) that have been admitted to the
NICU.

Where the population of a study only partially overlaps with our
intended population, we will attempt to acquire patient-level data.
Where this is not possible, we will include the study if a majority
of participants meet our inclusion criteria. Specific decisions will
be assessed ad hoc case-by-case and clearly documented in the
review. We will conduct sensitivity analyses to assess the impact of
such decisions [34].

Types of interventions

We will include the following two comparisons.

• Any vestibular stimulation versus no intervention. We will
combine diJerent types of vestibular stimulations in the same
analysis, including:
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◦ bundle of vestibular stimulation (e.g. rocking and waterbed
stimulation);

◦ rocking;

◦ swinging;

◦ hammock;

◦ waterbed stimulation;

◦ air mattress;

◦ other types of vestibular stimulation.

• Vestibular stimulation type A (e.g. single intervention such as
rocking or bundled interventions) versus type B (e.g. single
intervention such as waterbed stimulation or other bundled
interventions)

The intervention may be continuous (i.e. administered without
interruption for at least 24 hours) or intermittent (i.e. administered
at intervals with pauses in-between for at least 24 hours). We will
exclude studies where the intervention is administered for less than
24 hours, considering that interventions need time to be eJective,
but also that short interventions could potentially have a positive
or negative eJect.

The intervention may be delivered by a health professional or
primary caregiver, or a combination of both. Interventions may
also be delivered by technology (i.e. technical equipment that
delivers vestibular stimulation). If we identify trials where multiple
interventions or co-interventions have been administered, we will
group these based on the 'main' intervention component.

Outcome measures

Critical outcomes

• Major neurodevelopmental disability:
◦ cerebral palsy;

◦ developmental delay (Bayley Mental Developmental Index
[42, 43]; or GriJiths Mental Development Scale assessment
[44] > 2 standard deviations [SDs] below the mean);

◦ intellectual impairment (intelligent quotient [IQ] > 2 SDs
below the mean);

◦ blindness (vision < 6/60 in both eyes);

◦ sensorineural deafness requiring amplification [45].

We plan to evaluate each of these components as a separate
outcome and extract data on each long-term outcome from studies
that evaluated children aRer 18 months' chronological age. We plan
to separately assess data on children 18 to 24 months of age and on
those 3 to 5 years of age. We will also report each component of this
composite outcome (major neurodevelopmental disability).

• Neonatal death (first 28 days) or during initial hospitalization
(assessed at discharge)

The number of cases of major neurodevelopmental disability (as
defined above) and neonatal death will be assessed as potential
adverse events/harms of the intervention itself.

We will not exclude studies based on outcome measures, though we
will analyze only relevant reported outcomes. We will contact study
authors for further information as necessary, including where there
is uncertainty if all measured outcomes have been reported.

Important outcomes

• Intraventricular hemorrhage: grades 1 to 4 (according to
Papile classification [46]); severe intraventricular hemorrhage:
ultrasound diagnosis grades 3 and 4 (assessed at discharge)

• Duration of hospital stay in days (assessed at discharge)

• Weight gain in grams (assessed at discharge)

• Number of days till full oral feeding (assessed at discharge)

• Apnea: number of episodes (defined as interruption of breathing
for more than 20 seconds) during exposure to the intervention
(assessed at discharge)

Search methods for identification of studies

Electronic searches

A draR search strategy was written by an Information Specialist
(MF) (Supplementary material 1). We will conduct searches without
language limits. We will conduct searches for trials without date
limits; we will limit searches for systematic reviews to the most
recent two years. Searches will be peer-reviewed based on Peer
Review of Electronic Search Strategies criteria [47, 48]. We will
search the following databases:

• Cochrane Central Register of Controlled Trials (CENTRAL) via
Cochrane Register of Studies (CRS);

• Ovid MEDLINE(R) All, 1946 forward;

• Ovid Embase, 1974 forward;

• CINAHL (Cumulative Index to Nursing and Allied Health
Literature), EBSCOhost, 1982 forward

• Epistemonikos (www.epistemonikos.org/en/).

Searching other resources

We will search the following trial registries:

• National Library of Medicine trial registry (clinicaltrials.gov/);

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (trialsearch.who.int/Default.aspx);

• ISRCTN registry (www.isrctn.com/).

We will search for conference abstracts, published during the past
five years, as available, for:

• Perinatal Society of Australia and New Zealand (PSANZ);

• Pediatric Academic Societies (PAS);

• European Academy of Paediatric Societies (EAPS).

We will search for errata or retractions for studies selected for
inclusion via PubMed and Retraction Watch. We will check the
reference lists of systematic reviews on vestibular stimulation or
related subjects.

Data collection and analysis

We will use the standard methods of Cochrane Neonatal Group.

Selection of studies

Search results will be managed in EndNote and Covidence [49];
duplicates will be removed using both soRware packages. We will
use Cochrane's Screen4Me to reduce screening activities by the
authors [50, 51, 52, 53]. Screen4Me comprises three components:
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• Known Assessments (a service that matches records in the
search results to records that have been screened by Cochrane
Crowd and labeled as 'RCT' or 'not an RCT');

• The RCT classifier (a machine-learning model that distinguishes
RCTs from non-RCTs);

• Cochrane Crowd (Cochrane’s crowdsourcing platform, through
which contributors from around the world help to identify
randomized trials and other types of healthcare-related
research).

We will use, at minimum, the first two components of Screen4Me;
the decision to use Cochrane Crowd will be based on the the
number of results remaining following classification using Known
Assessments and RCT Classifier. References categorized as non-
RCTs through the Known Assessments and the RCT Classifier
will be added to the irrelevant segment of Covidence [49]. This
approach means that references will be available for the purposes
of de-duplication when the review is updated, and for verification
purposes should questions arise about the accuracy of Screen4Me
categorization. We will present the results of Screen4Me in a figure
in the full review.

Two review authors (KWS, ML) will independently screen all
remaining titles and abstracts and exclude those that do not meet
inclusion criteria. Two review authors will then independently
assess all full-text articles for eligibility. Any disagreements arising
during the screening process will be resolved by discussion. We will
document the reasons for excluding studies at the full-text stage in
a 'Characteristics of excluded studies' table. We will collate multiple
reports of the same study so that each study, rather than each
report or reference, is the unit of interest in the review; we will group
related reports under a single study ID. We will also provide any
information obtained about ongoing studies. We will present the
results of our study selection in a PRISMA flow diagram [54, 55].

Data extraction and management

Full-text articles will be screened in Covidence [49], and data will
be extracted using a modified version of the data extraction form
from the Cochrane EJective Practice and Organization of Care
Group data collection checklist [56]. We will pilot the form within
the review team using a sample of included studies. Two review
authors (MB, ML) will independently extract data for included
studies.

We will extract the following characteristics for each included study:

• administrative details: study author(s), published or
unpublished, year of publication, year in which study was
conducted, presence of vested interest, details of other relevant
papers cited;

• study characteristics: study registration, study design type,
study setting, number of study centers and location, informed
consent, ethics approval, completeness of follow-up (e.g.
greater than 80%);

• participants: number randomized, number lost to follow-up/
withdrawn, number analyzed, mean gestational age, gestational
age range, mean corrected age or corrected age range, inclusion
criteria, place of residence, race/ethnicity/culture/language,
occupation, sex, religion, education, socio-economic status,
social capital, age, sexual orientation, and disability and
exclusion criteria;

• interventions: initiation, type, frequency and duration of
intervention, including tempo of rhythmic stimulation;

• outcomes: outlined above in Outcome measures.

We will resolve any disagreements by discussion.

We will describe ongoing studies identified by our search and
document available information such as the primary author,
research question(s), methods, and outcome measures, together
with the anticipated reporting date in a 'Characteristics of ongoing
studies' table.

If there are any missing data or uncertainties regarding trial
methods, we will contact the trial authors/investigators for
clarification. Two review authors (ML, MGP) will enter data into
Cochrane's RevMan soRware [57]. We will replace any standard
error of the mean (SEM) by the corresponding standard error (SE).

Risk of bias assessment in included studies

We will use Cochrane's RoB 2 tool to assess risk of bias in
randomized trials included in the review [58, 59]. We will use a RoB
2 Excel tool to implement RoB 2 (www.riskofbias.info/welcome/
rob-2-0-tool). The outcomes to be assessed for each study are
described in Certainty of the evidence assessment.

Two review authors (ML, MGP, or KWS) will independently assess
the risk of bias (low risk of bias, some concerns, high risk of bias)
for each outcome. Any discrepancies in judgments will be resolved
through discussion or by consultation with a third review author
(RS or MB). We will assess the following types of bias as outlined
in Chapter 8 of the Cochrane Handbook for Systematic Reviews of
Interventions [58].

• Bias arising from the randomization process

• Bias due to deviations from intended interventions (we will
assess assignment to the interventions at baseline, i.e. the
'intention-to-treat' eJect)

• Bias due to missing outcome data

• Bias in measurement of the outcome

• Bias in selection of the reported result

To address these types of bias, we will use the signaling questions
recommended in RoB 2 and make a judgment based on the
following options.

• 'Yes': if there is firm evidence that the question was fulfilled in
the study (i.e. the study was at low or high risk of bias given the
direction of the question).

• 'Probably yes': a judgment was made that the question was
fulfilled in the study (i.e. the study was at low or high risk of bias
given the direction of the question).

• 'No': if there was firm evidence that the question was unfulfilled
in the study (i.e. the study was at low or high risk of bias given
the direction of the question).

• 'Probably no': a judgment was made that the question was
unfulfilled in the study (i.e. the study was at low or high risk of
bias given the direction of the question).

• 'No information': if the study report provided insuJicient
information to permit a judgment.

Vestibular stimulation for promoting development and preventing morbidity in preterm infants (Protocol)

Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

5



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

We will then use the algorithms proposed by RoB 2 to assign each
domain one of the following levels of bias:

• low risk of bias;

• some concerns;

• high risk of bias.

This approach will allow the review authors to derive an overall risk
of bias rating for each outcome in each study in accordance with the
following suggestions.

• 'Low risk of bias': we judged the trial at low risk of bias for all
domains for the result.

• 'Some concerns': we judged the trial to raise some concerns in
at least one domain for the result, but not at high risk of bias for
any domain.

• 'High risk of bias': we judged the trial at high risk of bias in at
least one domain for the result, or we judged the trial to have
some concerns for multiple domains such that our confidence in
the result is substantially lowered.

If we include cluster-randomized trials, we will use RoB 2 for cluster-
randomized trials and follow the guidance in Chapter 23 of the
Cochrane Handbook for Systematic Reviews of Interventions [60].

Measures of treatment e9ect

Dichotomous data

For dichotomous data, we will present results using risk ratios
(RR) and risk diJerences (RD) with 95% confidence intervals (CIs).
We will calculate the number needed to treat for an additional
beneficial outcome (NNTB) or number needed to treat for an
additional harmful outcome (NNTH) with 95% CIs if there is a
statistically significant reduction (or increase) in RD.

Continuous data

For continuous data, we will use the mean diJerence (MD) when
outcomes were measured in the same way between trials. We will
use the standardized mean diJerence (SMD) to combine data from
trials that used diJerent methods to measure the same outcome.
Where trials report continuous data as median and interquartile
range (IQR), and data pass the test of skewness, we will convert
median to mean, and estimate the SD as IQR/1.35 [34].

Unit of analysis issues

The unit of analysis in RCTs will be the individual neonate. An
infant will only be considered once for analysis in RCTs. The unit
of analysis in cluster-randomized trials will be the participating
neonatal unit or section of a neonatal unit or hospital. For cluster-
randomized trials, we will abstract information on the study design
and unit of analysis for each study, indicating whether clustering of
observations is present due to allocation to the intervention at the
group level, or clustering of individually randomized observations
(e.g. infants within clinics). We will abstract available statistical
information needed to account for the implications of clustering
on the estimation of outcome variances, such as design eJects
or intracluster correlations (ICCs), and whether the study adjusted
results for the correlations in the data. In cases where studies do not
account for clustering, we will ensure that appropriate adjustments
are made to the eJective sample size following Cochrane guidance
[34]. Where possible, we will derive the ICC for these adjustments

from the trial itself, or from a similar trial. If an appropriate ICC is
unavailable, we will conduct sensitivity analyses to investigate the
potential eJect of clustering, by imputing a range of values of ICC.

We will not include cross-over trials, as they do not allow the use of
outcomes that require time to develop/discover.

If a trial has multiple arms (i.e. several diJerent vestibular
stimulations) compared to the same control condition, we will
either combine groups to create a single pair-wise comparison,
or select the pair of interventions that most closely matches the
definitions given in Types of interventions and exclude the others.
We will include the arm where diJerent vestibular stimulations are
used compared to the control group where no specific intervention
was introduced. If there are several arms with various vestibular
stimulations, we will combine them into one group. We will
acknowledge this potential selective bias of data used for analysis
in the Discussion section of the review.

Dealing with missing data

We intend to carry out analysis on an intention-to-treat basis
for all included outcomes. Whenever possible, we will analyze
all participants in the treatment group to which they were
randomized, regardless of the actual treatment received. If we
identify important missing data (in the outcomes) or require
clarification, we will contact the original investigators for the
additional information. We will make explicit the assumptions of
any methods used to deal with missing data.

For missing dichotomous outcomes, we will include participants
with incomplete or missing data in the sensitivity analyses by
imputing them according to the following scenarios.

• Extreme-case analysis favoring the experimental intervention
(best-worst-case scenario): none of the dropouts/participants
lost from the experimental arm but all the dropouts/participants
lost from the control arm experienced the outcome, including all
randomized participants in the denominator.

• Extreme-case analysis favoring the control (worst-best-case
scenario): all dropouts/participants lost from the experimental
arm but none from the control arm experienced the outcome,
including all randomized participants in the denominator.

Where the outcome is a negative, such as mortality, a lower number
will support the intervention over the control; where the outcome
is a positive, a lower number would favor the control.

For continuous outcomes, we will calculate missing SDs using
reported P values or CIs [34]. If calculation is not possible, we will
impute an SD as the highest SD reported in the other trials for the
corresponding treatment group and outcome.

We will address the potential impact of missing data on the findings
of the review in the Discussion section.

Reporting bias assessment

We will assess reporting bias by comparing the stated primary
outcomes and secondary outcomes and reported outcomes. Where
study protocols are available, we will compare these to the full
publications to determine the likelihood of reporting bias. We will
document studies that evaluate the interventions in a potentially
eligible infant population but do not report on any of our critical
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and important outcomes in the 'Characteristics of included studies'
tables.

We will use funnel plots to screen for publication bias when there
is a suJicient number of studies (> 10) reporting a given outcome.
If publication bias is suggested by a significant asymmetry of the
funnel plot on visual assessment, we will incorporate this in our
assessment of the certainty of evidence [61]. If fewer than 10 studies
are eligible for meta-analysis, the ability to detect publication bias
will be largely diminished, in which case we will simply note our
inability to rule out possible publication bias or small-study eJects.

Synthesis methods

We plan analysis for the previously specified outcomes for
the following comparisons: any vestibular stimulation versus no
intervention; vestibular stimulation type A (e.g. single intervention
such as rocking or bundled interventions) versus type B (e.g.
single intervention such as waterbed stimulation or other bundled
interventions).

If we identify several studies that are considered suJiciently similar,
we will conduct meta-analysis using RevMan soRware [57]. For
categorical outcomes, we will calculate the typical estimates of
RR and RD, each with its 95% CI; for continuous outcomes,
we will calculate the MD or the SMD, each with its 95% CI.
We will use a fixed-eJect model to combine data where it is
reasonable to assume that studies were estimating the same
underlying treatment eJect [62, 63]. Cochrane neonatal reviews
have typically used a fixed-eJect model, as: 1) preterm neonates
are relatively similar in terms of their general condition as they
are less likely to be influenced by confounding factors that take
time to develop; and 2) the inclusion criteria reflect narrow
research questions. Interventions administered to neonates are
also considered relatively easily standardized due to a controlled
environment in the NICU and standard basic care protocol. Taking
this into consideration, a fixed eJect model is more sensitive
in detecting small eJect sizes. If there is evidence of clinical
heterogeneity, we will try to explain it based on the diJerent study
characteristics and subgroup analyses. We will use forest plots to
graphically represent the study data.

If we judge meta-analysis to be inappropriate, we will analyze
and interpret individual trials separately and generate an outcome
table with eJect estimates for studies at low risk of bias. We will
follow methodological guidance from Chapter 12 of the Cochrane
Handbook for Systematic Reviews of Interventions and Synthesis
Without Meta-analysis (SWiM) reporting guidance [64, 65].

Investigation of heterogeneity and subgroup analysis

We will interpret any test results for subgroup diJerences with
caution, considering the potential for confounding with other
study characteristics and the observational nature of comparisons,
as described in Section 10.11.2 of the Cochrane Handbook for
Systematic Reviews of Interventions [34]. We will consider any
subgroup analyses with fewer than five studies per category as not
producing meaningful results and will therefore not present these.
If and when subgroup analyses are possible, we will perform meta-
analysis and a formal statistical test for interaction to examine
subgroup diJerences (e.g. Cochran’s Q test, meta-regression [66,
62]).

Given the potential of intervention eJectiveness to be related to
gestational age, we plan to conduct subgroup analyses to see
whether the intervention is more eJective.

We plan to carry out the following subgroup analyses that may
contribute to heterogeneity in the eJects of the intervention.

• Gestational age: extremely preterm (less than 28 weeks of
gestation); very preterm (less than 32 weeks of gestation);
moderate to late preterm (32 weeks of gestation or more)

• Sex, dichotomized to male and female

• Type of intervention (rocking or swinging by a caretaker,
waterbeds, air mattresses, mechanical vestibular systems, other
vestibular interventions)

• Frequency of intervention (# per day)

• Duration of intervention sessions (minutes, hours)

• Duration of intervention period (days, weeks)

We will use the main outcomes (those specified for the summary
of findings table) in subgroup analyses if there are enough studies
reporting the outcomes to support valid subgroup comparisons (at
least five studies per subgroup).

Equity-related assessment

We will report any relevant characteristics that are included in
the acronym PROGRESS-Plus (place of residence, race/ethnicity/
culture/language, occupation, gender/sex, religion, education,
socio-economic status, social capital, age, sexual orientation,
and disability), and whether our neonatal population would be
subject to any health inequity in terms of the interventions that
we will assess. We anticipate very small diJerences in terms of
financing between high-, middle-, or low-income country settings
and populations in terms of the interventions included in our
review. However, what might diJer between high-, middle-, or low-
income countries is the person delivering the intervention, which
could deem some populations at a disadvantage, for instance if
the intervention is delivered by a health professional rather than
the primary caregivers. This is due to evidence suggesting that
infants may distinguish whether their primary caregiver changes
diapers or feeds them, and that this may positively influence
their development by reducing stress [67]. We will descriptively
assess this in our review. In our summary of findings table, we
will highlight and present any diJerences in baseline risks in our
neonatal population that might cause disadvantages.

Sensitivity analysis

We will conduct sensitivity analyses to explore the eJect of
the methodological quality of studies, and check to ascertain
whether studies with a high risk of bias (in at least two domains)
overestimate the eJect of treatment.

DiJerences in the design of included studies might also aJect
the results of the systematic review. We will perform a sensitivity
analysis to compare the eJects of vestibular stimulation in truly
randomized trials as opposed to quasi-randomized trials.

We will conduct sensitivity analyses for decisions regarding
inclusion of studies with a subset of eligible participants.
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Certainty of the evidence assessment

We will use the GRADE approach, as outlined in the GRADE
Handbook, to assess the certainty of evidence for the following
clinically relevant outcomes [68].

• Major neurodevelopmental disability at 18 to 24 months
corrected age:
◦ cerebral palsy;

◦ developmental delay (Bayley Mental Developmental Index
[42, 43]; or GriJiths Mental Development Scale assessment
[44] > 2 SDs below the mean);

◦ intellectual impairment (IQ > 2 SDs below the mean);

◦ blindness (vision < 6/60 in both eyes);

◦ sensorineural deafness requiring amplification [45].

• Death during initial hospitalization

• Weight gain in grams (assessed at discharge)

Major neurodevelopmental disability and neonatal death as critical
outcomes will be assessed as potential adverse eJects/harms of the
intervention itself.

We will create two summary of findings tables:

• any vestibular stimulation versus no intervention;

• vestibular stimulation type A (e.g. single intervention such as
rocking or bundled interventions) versus type B (e.g. single
intervention such as waterbed stimulation or other bundled
interventions).

Two review authors (ML, MB) will independently assess the
evidence for each of the outcomes listed above. Any disagreements
will be resolved by discussion or by consulting a third review author
(MGP or KWS). The overall RoB 2 judgments for each outcome will
inform the GRADE assessments. We will consider evidence from
RCTs as high certainty, downgrading one level for serious (or two
levels for very serious) limitations based upon the following: design
(risk of bias), consistency across studies, directness of the evidence,
precision of estimates, and presence of publication bias. We will
use GRADEpro GDT soRware [69] to create the summary of findings
table to report the certainty of evidence.

The GRADE approach results in an assessment of the certainty of a
body of evidence as one of the following four grades.

• High: we are very confident that the true eJect lies close to that
of the estimate of the eJect.

• Moderate: we are moderately confident in the eJect estimate:
the true eJect is likely to be close to the estimate of the eJect,
but there is a possibility that it is substantially diJerent.

• Low: our confidence in the eJect estimate is limited: the true
eJect may be substantially diJerent from the estimate of the
eJect.

• Very low: we have very little confidence in the eJect estimate:
the true eJect is likely to be substantially diJerent from the
estimate of eJect.

Consumer involvement

This review protocol has been developed with the involvement of
consumers, with assistance from the parents of premature children
who have required NICU care, and as one review author (ML) is

a parent to an extremely preterm child. We expect that this will
have made an important contribution to the research question and
design and will be of further importance when interpreting data and
in the dissemination and translation of findings.

S U P P L E M E N T A R Y   M A T E R I A L S

Supplementary materials are available with the online version of
this article: 10.1002/14651858.CD016072.

Supplementary material 1 Search strategies
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