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ABSTRACT
Introduction  The effect of neonatal sepsis on the 
developing brain is not well documented. We aim to 
perform evidence synthesis to determine the outcome of 
neurodevelopmental impairment and intellectual disability 
among survivors of neonatal sepsis. The data gathered 
will inform on the long-term neurocognitive outcomes of 
neonates with sepsis and the measures used to document 
their developmental disability.
Methods and analysis  We will perform a search based 
on the following parameters: neonates and infants 
less than 90 days old diagnosed with sepsis who had 
neurocognitive outcomes or measures of developmental 
disability reported. We will search PubMed, Cochrane 
Central, Embase and Web of Science for articles in English 
language published between January 2010 and December 
2019. Clinical trials and observational studies will be 
included. Two independent reviewers will screen studies 
for eligibility. Data extraction will then be performed using 
a standardised form. The quality of evidence and risk of 
bias will be assessed using Cochrane Collaboration’s tool 
and Risk of Bias in Non-randomised Studies of Intervention 
(ROBINS-I). The results will be synthesised qualitatively 
and pooled for meta-analysis.
Ethics and dissemination  No formal ethical approval 
is required as there is no collection of primary data. This 
systematic review and meta-analysis will be disseminated 
through conference meetings and peer-reviewed 
publications.
PROSPERO registration number  Registration submitted 
CRD42020164334

Introduction
Brain development, during which neuronal 
connections are established and strength-
ened, is particularly crucial between the late 
gestational and early neonatal phase.1–3 Insults 
to the developing brain during this period 
can negatively impact cerebral networking 
and control, leading to poor mental and 
psychomotor development, cerebral palsy, 
visual and auditory impairment, as well as 
intellectual disability later in life.4 5 In the 
neonatal period, these insults include prema-
turity, low birth weight, seizures, hyaline 

membrane disease, hyperbilirubinemia of the 
newborn or kernicterus and sepsis.6 Among 
these, neurocognitive outcomes following 
neonatal sepsis are not well documented for 
the following reasons: lack of consensus in 
definition of neonatal sepsis, confounding 
due to the presence of other neonatal condi-
tions with sepsis, wide variation in measures 
used to assess and document neurocogni-
tive outcomes, as well as need for long-term 
follow-up.

The link between neonatal sepsis and 
adverse neurocognitive outcomes has been 
postulated to be a multifactorial process 
involving production of proinflammatory 
cytokines, hypoxic ischaemic encepha-
lopathy due to hypotension and impaired 
autoregulation of cerebral blood flow, stim-
ulation of microglia causing excitotoxicity, 
as well as free radical damage by reactive 
oxygen and nitrogen species.7–14 All these 
lead to injury in the cerebral white matter, 
particularly periventricular leukomalacia, 

Strengths and limitations of this study

►► This review will synthesise and update the associ-
ation between neonatal sepsis and neurocognitive 
outcomes of neurodevelopmental impairment and 
intellectual disability over the past decade.

►► Subgroup analysis stratified by clinical predic-
tors and geographical locations will be performed 
to provide further insight about neurocognitive 
impairment.

►► This protocol adheres to Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
guidelines.

►► Heterogeneity across studies may exist due to dif-
ferences in patient populations, settings and studies 
performed over a decade.

►► The inclusion of only studies published in English 
may lead to a loss of data published in other 
languages.
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and increase the vulnerability of the brain to subsequent 
injuries.15–17

Common measures of neurocognitive outcomes 
include neurodevelopmental impairment and intellectual 
disability.18–22 Neurodevelopmental impairment includes 
the following: cognitive delay based on standardised 
cognitive tests (eg, Mental Development Index of Bayley 
Scales of Infant and Toddler Development), hearing defi-
cits or loss requiring amplification, visual impairment 
and moderate to severe cerebral palsy defined as a score 
of two or more on the Gross Motor Function Classifica-
tion System.23 Intellectual disability is a commonly used 
measure and is defined as a disorder which begins before 
the age of 18, characterised by limitations in adaptive 
behaviour which affect participation in everyday life and 
at least one of the three domains: conceptual, social and 
practical, as well as limitations in intellectual functioning 
which affect general mental capacity and is indicated by 
an IQ that is 2 SDs below the mean.24 25

Both the United Nations and WHO have emphasised 
the importance of improved health in this vulnerable 
population.26 27 As mortality in the under-5 falls, there is an 
impetus to understand the long-term effect on survivors 
of common childhood diseases.28 29 Specific to neonatal 
sepsis, the knowledge of neurocognitive outcomes will 
guide future researchers in their understanding and 
measurement of vital patient-related outcomes.

Current systematic review and/or meta-analyses have 
shown that neonatal sepsis was associated with an increased 
risk of adverse neurocognitive outcomes.18–22 However, 
they are limited to very low birth weight infants,18 those 
less than 28 days old,19 infection secondary to group B 
Streptococcus,20 those with healthcare-associated infection21 
and more general neonatal populations (including, but 
not specific to, sepsis).22 Studies also mainly focused on 
severe neurocognitive delay and did not describe the full 
range of intellectual disability.20–22 Therefore, we intend 
to perform a large-scale global study across gestation, 
regardless of pathogen, that will inform us on all severi-
ties of neurocognitive delay following neonatal sepsis.

In the systematic review, we aim to appraise and 
summarise the association between neonatal sepsis and 
neurocognitive outcomes of neurodevelopmental impair-
ment and intellectual disability. In the meta-analysis, 
pooled estimates, along with the trends over time, 
of neurodevelopmental impairment and intellectual 
disability following neonatal sepsis will be reported.

Methodology
This review will be conducted using the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
2009 guidelines.30

Eligibility criteria
A study will be included if the study’s population is less 
than 90 days old, regardless of gestation; if the study’s 
population has neonatal sepsis based on the definition 
or diagnostic criteria as determined by the study authors, 

regardless of causative organism; and if the study’s 
population has reported neurocognitive outcomes of 
neurodevelopmental impairment, including mental or 
psychomotor impairment, visual or auditory impairment 
and cerebral palsy, as well as intellectual disability. There 
is no limit to the time frame for which the outcomes 
are measured. All randomised controlled trials, case-
control studies, cohort studies and cross-sectional studies 
published in the English language between January 2010 
and December 2019 will be included. We have chosen to 
limit the study to a 10-year systematic review and meta-
analysis because the landscape on epidemiology and case 
definitions in neonatal sepsis is evolving and our aim is to 
provide an update to the current literature.31–34

Studies with sample size less than 50 are excluded 
due to publication biases, reporting biases and small-
study effects that could cause extreme point estimations. 
Studies focusing solely on necrotising enterocolitis, respi-
ratory distress syndrome, leukaemia and other malig-
nancies without sepsis will also be excluded as the target 
population is a neonatal population with sepsis, no indi-
vidual specific conditions mentioned. Furthermore, in 
these conditions, the course of illness, the use of medi-
cations and, therefore, the implication on subsequent 
neurocognitive deficits are different from a general sepsis 
population.

All studies included in the study will be assessed for the 
quality of research using the Quality Assessment Tool for 
Quantitative Studies, which is developed by the Effective 
Public Health Practice Project.35

Information sources
The following electronic databases will be covered in the 
literature search: PubMed, Cochrane Central, Excerpta 
Medica (Embase) and Web of Science. The following 
electronic registries for trial protocols will be searched 
to ensure that there are no completed or ongoing 
studies which intend to perform a similar neurocognitive 
outcome study on all neonates with sepsis: PROSPERO, ​
ClinicalTrials.​gov, International Standard Randomised 
Controlled Trial Number registry, WHO International 
Clinical Trials Registry Platform and European Union 
Clinical Trials Register.

Search strategy
The search strategy, developed in consultation with 
research librarians experienced in systematic reviews and 
meta-analyses, will include all publications from January 
2010 to December 2019. Medical Subject Headings 
(MeSH) are used for PubMed and Cochrane Central. 
Emtree terms are used for Embase. Topic terms are 
used for Web of Science. The terms will be appropriately 
exploded with inclusion of their synonyms in the title, 
abstract and keyword searches.

Online supplementary appendices 1–4 show the full 
search strategy. Strategic search terms include: Popula-
tion—neonate, newborn, infant and baby; Exposure—
sepsis, septicaemia, septic shock, pyaemia, endotoxaemia 
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and blood poisoning; and Outcome—morbidity, devel-
opmental disability, intellectual disability, neurodevelop-
mental disorders, learning disorder, motor skills disorder, 
vision disorder, hearing loss and cerebral palsy.

Reference lists of relevant systematic reviews will be 
screened for primary studies within the publication 
period from January 2010 to December 2019 to look for 
potentially missed studies from our search strategy.

Study records
The review of articles will be performed using Covi-
dence V.1357.0, Melbourne, VIC, Australia. Duplicate 
studies will be removed and the remaining studies will 
be screened for eligibility by two independent reviewers. 
The resolution of any conflicts will be done by a third 
independent reviewer or by discussion. The reasons for 
exclusion of any article will be documented. A full text 
screening will then be carried out.

Data items
Data extraction will be performed using a standardised 
form capturing the following data fields: study title, 
author(s), publication year, geographic origin, study 
design, enrolment period, sample size, source defini-
tions of neonatal sepsis, classification of neonatal sepsis 
as early or late, severity of neonatal sepsis, demographics 
(eg, gestational age, postnatal age, sex and birth weight), 
comorbidities, source of infection, causative organisms 
(ie, bacterial, fungal, parasitic or viral), community-
acquired or hospital-acquired infection, blood markers 
(eg, white blood cell count, absolute neutrophil count, 
C-reactive protein, procalcitonin and lactate), neurode-
velopmental outcomes of mental or psychomotor impair-
ment, visual or auditory impairment and cerebral palsy, as 
well as intellectual disability. We will also include details 
of any early intervention programmes performed post 
sepsis in each study. The standardised form will be pilot 
tested for 20 studies to ensure that data is accurately and 
consistently captured. Qualitative data will be used for 
systematic review and quantitative data will be used for 
meta-analysis.

Outcomes and prioritisation
The primary outcome of our study is to determine the 
impact of neonatal sepsis on outcomes of neurodevelop-
mental impairment and intellectual disability in neonates 
and infants less than 90 days old. The prior defined 
outcomes under neurodevelopmental impairment are 
mental impairment36 (measured using the Bayley Scales 
of Infant and Toddler Development (III): Mental Devel-
opment Index37), psychomotor impairment36 (measured 
using the Bayley Scales of Infant and Toddler Develop-
ment (III): Psychomotor Development Index37), cerebral 
palsy,36 visual impairment36 and auditory impairment.36 
We will also study cognitive impairment defined as intellec-
tual disability38 (measured using the Stanford-Binet Intel-
ligence Scales,39 the Wechsler Intelligence Scale40 and the 
Wechsler Preschool and Primary Scale of Intelligence41). 

In the quantitative analysis, the data on these outcomes 
will be extracted for meta-analysis to calculate effect sizes 
longitudinally across time periods. The outcomes will 
be compared across the following subgroups: central 
nervous system (vs those not involving the central nervous 
system), gestation age, early (vs late) sepsis, community 
(vs acquired) infection and the gross national income 
status where the research was performed.42 All studies 
will be reviewed systematically and the definition of these 
outcomes used in the study will be described.

Data synthesis
Each individual study will be assessed for selection bias, 
performance bias, detection bias, attrition bias and 
reporting bias by assigning a rating of low, high or unclear 
risk of bias. Cochrane Collaboration’s tool and ROBINS-I 
will be used to assess for risk of bias for randomised 
and non-randomised studies, respectively.43 The overall 
strength of the evidence provided by the study will also be 
evaluated. This information about the included studies 
will be described and illustrated in a risk of bias graph.

The overall effect will be presented in forest plots. 
Effect sizes will be calculated for each individual study. 
These will be determined by a random-effects approach—
DerSimonian and Laird method, which employs inverse 
variance.44

To address the missing data, original authors will be 
contacted via email. Available data will be verified by 
corroborating with data in the original article. If data 
remain unavailable after two attempts made 1 month 
apart, we will first perform the analysis excluding these 
data, followed by a sensitivity analysis assuming that the 
missing data had negative outcomes. These studies with 
missing data will also be included in the systematic review, 
where a table for the findings of each study and a narrative 
based on synthesis of this information will be presented.

Software to be used
The software Stata V.16.0 (College Station, Texas, USA) 
will be used for this meta-analysis.

Meta-bias
Funnel plot will be used to assess publication bias, system-
atic difference between higher and lower precision 
studies, as well as any false effects due to poor method-
ology of the individual studies.

Patient and public involvement
This research will be performed without patient and 
public involvement as this is not an interventional study 
and does not involve patient enrolment. Patient and 
public will not be invited to comment on the study design 
and will not be consulted to develop patient relevant 
outcomes or interpret the results.

Discussion
With mortality rates from neonatal sepsis decreasing over 
time, focus has shifted to caring for the survivors.45 Sepsis 
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causes significant disruption to cerebral networking in the 
neonatal period and is detrimental to brain development. 
Consequentially, neurocognitive impairment of motor, 
cognitive, language, learning and behavioural skills can 
occur and will negatively impact a child’s performance 
and integration into school, and eventually into society as 
an adult.46 47 Therefore, this systematic review and meta-
analysis on neurocognitive outcomes following neonatal 
sepsis will provide valuable knowledge on the measurable 
disabilities of these children. In doing so, we can set the 
direction for future efforts to better study neurocognitive 
outcomes in this vulnerable population.

The current challenge is that neurocognitive impair-
ment following neonatal sepsis is not well evaluated or 
understood. Better knowledge on the incidence and 
impact of this specific problem will enable discretionary 
resource allocation, especially among groups that are at 
a high risk for long-term neurocognitive impairments. 
Interventions can be instituted to improve neurocogni-
tive impairment by generating sensory inputs, such as 
tactile, proprioceptive, vestibular, visual and auditory 
sensations to promote brain development.48 These inter-
ventions need to be started early during the widow of 
active brain development in order for the stimuli to be 
effective.49 50 One example is the Newborn Individual-
ised Developmental Care and Assessment Program which 
trains health professionals to individualise care for the 
neonate based on his or her behaviour.51 Other interven-
tions include motor development, physiotherapy, inter-
action parenting, social support and upbringing plan.52 
These interventions have a positive influence on neuro-
cognitive and motor outcomes, which persist later on in 
life.53

It is imperative that we recognise the burden of 
neonatal sepsis among survivors. They deserve better 
opportunistic and timely intervention, with particular 
attention paid to high risk groups. Therein lies the 
importance of this systematic review and meta-analysis. By 
synthesising existing literature based on both population 
and hospital-based studies, we will be able to contribute 
to a more complete knowledge base about the incidence 
and impact of neonatal sepsis on neurocognitive impair-
ment, thus facilitating the focus and implementation of 
intervention programmes, as well as future research to 
improve care and outcomes for this high-risk population.

Limitations
The definition and domains of neurocognitive impair-
ment, assessment tools, reference standards and valida-
tion for use in the study’s context as well as duration of 
follow-up may vary among studies. This may potentially 
result in a significant heterogeneity which precludes 
aggregation of some data. We will document these varia-
tions in the studies as a quality measure.

Similarly, there is a lack of consensus-based defini-
tions for neonatal sepsis.34 We will address this variation 
by matching the sepsis definition used in the studies to 
that of Goldstein et al, which is a systematic inflammatory 

response syndrome (SIRS) in the presence of or as a 
result of suspected or proven infection.54 This definition 
is chosen as age-specific reference ranges for vital signs 
and laboratory variables of SIRS in the neonatal popula-
tion are clearly stated for referencing.

Next, studies may be missed if they are not indexed 
under MeSH, Emtree and Topic terms used in our search 
strategy for the various search engines. Furthermore, 
the databases may not be exhaustive and only studies 
published in English language will be included. Inclu-
sion of different study designs in our systematic review 
and meta-analysis will also result in a variable quality 
of evidence. Nevertheless, we will assess the risk of bias 
using Cochrane Collaboration’s tool and ROBINS-I for 
randomised and non-randomised studies, respectively.

Finally, neurocognitive impairment in this age group 
may be heavily confounded by clinical, social and envi-
ronmental factors. In particular, we will not be able 
to account for the quality of care provided outside the 
medical management of sepsis, in each setting.

This systematic review and meta-analysis of neonatal 
sepsis and the outcomes of neurocognitive impairment 
will provide insight to the incidence and impact on 
long-term healthcare burden of neonatal sepsis among 
survivors. Ultimately, the knowledge gained will facil-
itate future research in the identification of high-risk 
groups and allow for resource planning in this vulnerable 
population.
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