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Abstract

Objective: Neurodevelopmental impairment (NDI) is a major complication of extreme prema-
turity. This systematic review was conducted to summarize the worldwide long-term prevalence
of NDI associated with extreme prematurity.

Methods: Embase and MEDLINE databases were searched for epidemiologic and observational/
real-world studies, published in English between 2011 and 2016, reporting long-term prevalence
of NDI (occurring from | year) among extremely preterm infants born at gestational age (GA)
<28 weeks.

Results: Of 2406 articles identified through searches, 69 met the protocol NDI definition
(24 North America, 25 Europe, 20 Rest of World). Prevalence of any severity NDI in North
America was 8%—-59% at 18 months to 2 years, and | 1%-37% at 2-5 years; prevalence of mod-
erate NDI in Europe was 10%—13% at |8 months to 2 years, 3% at 2-5 years, and 9%—19% at >5
years; prevalence of any NDI in Rest of World was 15%—-61% at |8 months to 2 years, and 42% at
2-5 years (no North America/Rest of World studies reported any NDI at >5 years). A trend
toward higher prevalence of NDI with lower GA at birth was observed.

Conclusions: Extreme prematurity has a significant long-term worldwide impact on neurode-
velopmental outcomes.
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Introduction

Preterm birth is one of the leading causes of
infant and childhood death.'” Although
survival of infants born extremely preterm
(birth at gestational age [GA] <28 weeks)
has improved in recent decades,®* prema-
ture infants remain at risk of major compli-
cations, including respiratory distress
syndrome, bronchopulmonary dysplasia,
necrotizing enterocolitis, intraventricular
hemorrhage (IVH), and periventricular leu-
komalacia (PVL). In particular, neurologic
injury from IVH and PVL can result in life-
long  neurodevelopmental  impairment
(NDI), imposing a significant burden on
children, their caregivers, and health sys-
tems, with impacts well into adulthood.””

Major neurodevelopmental disabilities
commonly associated with IVH in extreme-
ly preterm infants include cerebral palsy
(CP), deafness, blindness, cognitive delay,
and behavioral difficulties.'®'*  While
some of these outcomes can be identified
in the first 2-3 years of a child’s life, neuro-
behavioral and emotional problems emerge
later, at school age, and may persist into
adulthood.

Because of variations in the way gesta-
tional age at birth is reported, variations in
the definitions and reporting of NDI, and
heterogeneity in the tools used to assess
NDI, comparing results across studies is
difficult. To the best of our knowledge, at
the time this systematic literature review
(SLR) was conducted, no SLRs evaluating
the global prevalence of NDI in extremely
preterm infants had been published.

A greater understanding of the global
scope and long-term impact of neurodeve-
lopmental morbidities associated with
extreme prematurity may inform parent
counseling, early interventions, and
resource planning, and identify further
research needs for this group of children.
However, the systematic identification, col-
lection, and synthesis of data from studies
reporting such outcomes is key, to produce
unbiased conclusions on the long-term
impact of NDI associated with extreme pre-
maturity and allow comparability of find-
ings across studies. For that reason, the
current SLR was designed to investigate
the following research question: ‘What is
the global prevalence of long-term neuro-
developmental impairment in children and
adults born at extremely premature gesta-
tional ages?” The aim of this SLR was to
evaluate the prevalence of two long-term
outcomes that are commonly associated
with extreme prematurity: NDI and CP.

Methods

Overall SLR methodology

The SLR was conducted following the pre-
ferred reporting items for systematic
reviews and meta-analyses (PRISMA)
guidelines,'”” and is registered in the
Research Registry (https://www.research
registry.com; UIN  reviewregistryl155).
The Embase and MEDLINE databases
were searched for articles published in
English between January 2011 and June


https://www.researchregistry.com
https://www.researchregistry.com

Sarda et al.

2016, reflecting a 5-year search, initiated in
2016, that was intended to capture the most
current available data. Conference abstracts
were excluded, unless they were available in
a full-text, peer-reviewed publication
format. The search strategy used a
combination of free-text and controlled-
vocabulary search terms relevant to long-
term outcomes of extreme prematurity.
Validated search terms were used where
available. The full search strategy is avail-
able in Supplemental Tables 1-3. The bib-
liographies of SLRs and meta-analyses
published from 2011 to 2016 were reviewed
for additional articles. A first level of review
identified relevant abstracts and excluded
those meeting any of the study exclusion
criteria. Publications that were not elimi-
nated passed to the second level of review,
which involved the evaluation of the full
text. All abstracts were independently
screened by one researcher (DM), and
30% were randomly selected for double-
screening by two independent researchers
(DM and SA). Any disagreement was
resolved by a third researcher (GS).

Selection criteria and data extraction

Studies that reported the long-term preva-
lence of NDI were selected for the present
analysis. Inclusion criteria were: (1) humans
born at <27 weeks 6 days GA—although in
prespecified instances, infants born at
28 weeks GA were included in the extremely
preterm population to take into account
variations in reporting of GA at birth (see
Supplemental Table 4 for expanded
inclusion criteria); (2) study outcomes
that included the prevalence of long-term
outcomes; (3) epidemiologic and
observational/real-world studies; and (4)
English-language publications.
Neurodevelopmental impairment was
assessed as at least one type of neurologic
(including CP) or sensory disability using
the different scales reported by authors in

the included studies. Data on NDI severity
were extracted where available. ‘Long-term’
was defined as assessment for NDI at >12
months after birth. Studies were excluded if
they presented results for mixed popula-
tions (preterm and term neonates) without
a subgroup analysis by GA at birth.
Clinical trials, case studies, and protocols
were excluded (Supplemental Table 4).
Although a study sample size may be a sig-
nificant factor in determining the generaliz-
ability of its findings, no further selection
criteria were applied during the present
study selection in order to capture all avail-
able information on the long-term burden
of extreme prematurity. For each included
study, data were extracted into a standard-
ized predesigned extraction table by one
researcher (DM) and further validated for
accuracy and correctness by a second
researcher (SA).

Data synthesis

Data were synthesized using qualitative
methods to describe the existing body of
knowledge on the prevalence of NDI.
Studies were grouped according to identi-
fied themes, and a narrative synthesis was
used to draw on the connections between
studies and the objectives of the review.
For comparability purposes, data were cat-
egorized by geographic location: Europe,
North America, and Rest of World.
Although CP was considered part of the
NDI assessment, the results are presented
separately (NDI and CP) where data are
available.

For studies reporting long-term out-
comes or clinical burden by comparing
two groups of extremely preterm infants,
with and without specific characteristics
(e.g. a specific mode of delivery) or comor-
bidities (e.g. preterm premature rupture of
membranes, IVH, or sepsis), data for the
group without the specific characteristics
were selected and included in the current
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SLR. This was done to increase compara-
bility of results across studies and to
enhance generalizability of results to the
target population (i.e. extremely preterm
infants). For studies that reported follow-
up data on NDI at several time points,
data from the oldest age cohort are pre-
sented, unless specified otherwise.
Prevalence data for NDI and CP stratified
by GA (where available) are presented
separately.

Results

Searches identified 2406 publications. After
duplicates were removed, 1937 records were
reviewed, and 646 were selected for full-text
evaluation. A further 563 publications that
did not meet the inclusion criteria were then
excluded. The main reasons for exclusion

reporting of data for the population of
interest (i.e. term and preterm infants); no
outcomes of interest; short-term outcomes;
and studies that excluded extremely preterm
infants. In total, 69 articles relevant to NDI
were included in the present analysis
(Figure 1).

NDI by geographic location

Opverall, there were wide variations in prev-
alence estimates among the included stud-
ies, particularly between North America
and Europe (Figure 2). Across geographic
settings, NDI was commonly assessed using
the Bayley Scales of Infant Development
(Supplemental Table 5).'%!7

North  America. Twenty-four North
American studies reported findings for
NDI (United States, 20; Canada, four)
(Table 1)."8*! Of those studies, 13 were of

were: a mixed population without separate prospective  design and 11  were
5 Embase (via Embase.com); MEDLINE (via Embase.com);
= MEDLINE In-Process (via PubMed)
5 n = 2406
5
Records screened following removal
Er" of duplicates
E n=1937
5 Records excluded
% n=1291
Full-text articles assessed for eligibility
n=046
Additional records identified through Full-text articles exeluded on the basis of
literature/manual reference check e S eligibility eriteria
£ n=1 n=563
= -
=) Studies relevant to long-term
= outcomes of extreme prematurity
=84 Records excluded
_— (not NDI or CLD)
n=12
Articles relevant to NDI Articles relevant to CLD
n=69 n=4
2
! ‘
= NDIin || NDIin || NDIin || cLD || CLDin || CLDn
NAm Europe RoW inNAm | | Europe RoW
=24 n=123 n=20 n=1 n=3 n=10

Figure |. Study selection process for publications reporting on the prevalence of NDI (PRISMA flowchart).
CLD, chronic lung disease; NAm, North America; NDI, neurodevelopmental impairment; PRISMA,

Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RoVV, Rest of World. (A total of 4
articles were identified relevant to CLD; these were excluded from the present SLR as not relevant to NDI).
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Figure 2. Reported prevalence of NDI in included studies by length of follow-up, in (left to right)
North America, Europe, and Rest of World. ®Ishii 2013 reports ‘profound’ CP. CP, cerebral palsy;

NDI, neurodevelopmental impairment.

retrospective. Sample size varied consider-
ably, ranging from 44 to 3608.22” The
reported prevalence of any NDI (in studies
that reported an aggregate of NDI of any
type or severity) among children born
extremely preterm ranged from 8% to
59% at 18 months to 2 years follow-
up,'®?° and from 11% to 37% between
2 and 5 years follow-up (Figure 2;
Table 1).>>* No studies reported the pro-
portion of children with any NDI at >5
years follow-up. The prevalence of severe
NDI ranged from 12% to 27% across all
follow-up durations (reported in four stud-
ies).?*?728:37 The prevalence of any CP was
8%—54% at 18 months to 2 years follow-
up, P332 504 11% between 2 and 5
years follow-up,>>?’ and 7% at >5 years
follow-up.*’

Three studies reported NDI stratified by
GA, in which a trend toward a higher prev-
alence of NDI with lower GA at birth was
observed (Supplemental Table 6).%2437

Prevalence of any NDI was 48%-65% for
infants born at GA 23 weeks versus 26%
for those born at GA 27 weeks.?***37

Europe. Twenty-five studies in European
populations reported findings for NDI
(Table 2),>4*% over half of which (15/25)
were database or registry-based studies.
Included studies were conducted in
Austria, Denmark, England, Estonia,
France, the Netherlands, Norway, Poland,
Spain, Sweden, and Switzerland. Sample
sizes in included studies ranged consider-
ably from 17 to 1673.*% Six studies includ-
ed secondary analyses of Extremely Preterm
Infants in Sweden Study (EXPRESS)-a
large, prospective, population-based
follow-up study of infants born in Sweden
at <27 weeks of GA.

The prevalence of NDI as a complication
of extreme prematurity was most frequently
reported as moderate or severe NDI. The
prevalence of moderate NDI was 10%-—
13% at 18 months to 2 years follow-
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up,*** 3% between 2 and 5 years follow-
up,®* and 9%-19% at >5 years follow-up
(Figure 2; Table 2).°%% The reported prev-
alence of severe NDI ranged from 2% to
11% across all follow-up durations
(reported in seven studies).®4%43:47:49.56.58
In the included studies, CP was classified
using different diagnostic criteria: the
child’s ability to walk without aids, by
International Statistical Classification of
Diseases and Related Health Problems
codes, and wusing the Gross Motor
Function Classification System
(Supplemental Table 5).°° Most studies
(15/25 [including either prospective or ret-
rospective study design]) reported follow-up
at <5 years. The prevalence of any CP was
4%-18% at 18 months to 2 years follow-
up,**** 6%-7% between 2 and 5 years
follow-up,”'>*>* and 9%-14% at >5
years follow-up (Figure 2; Table 2).8:60:62:63

Four European studies reported NDI
stratified by GA. The overall trend in find-
ings was for a higher prevalence of NDI
(any, moderate, severe) with lower GA at
birth (Supplemental Table 6).***>->!-> The
trend for increasing NDI prevalence of any
severity with lower GA was less clearly
defined in European studies than in North
American studies, with one study reporting
0% prevalence in infants born at 24 weeks,
but 17% in those born at 25 weeks and 9%
in those born at 26 weeks.*> A decline in
prevalence of NDI (any severity) with
higher GA at birth was reported in two
other studies, each comparing two different
GA groups.***>>! The prevalence of mod-
erate or severe NDI was 13% and 25%,
respectively, for infants with GA of 24
weeks versus 6% and 11%, respectively,
for infants born at 25 weeks GA.>

Rest of World. Twenty studies from out-
side North America and Europe reported
findings for NDI (Table 3).'*¢"% Sample
size ranged from eight (infants with focal
intestinal perforation) to 2883.7>%* Most
(17/20) studies were retrospective. Just

over half of the studies (11/20) were con-
ducted in Australia; the others were con-
ducted in China, Japan, Singapore, and
South Africa. NDI was not consistently
defined across studies.

Among included studies, the prevalence
of any NDI ranged from 15% to 61% at 18
months to 2 years follow-up,®®’" and was
42% between 2 and 5 years follow-up,”®
summarized in Figure 2 and Table 3. No
studies reported prevalence of any (aggre-
gate of any severity) NDI at >5 years
follow-up; prevalence of moderate-severe
NDI was 10%.%* The prevalence of any
CP was 6% between 12 and 18 months
follow-up,®” 7%-17% at 18 months to 2
years follow-up,®®%*"* 6%-33% between 2
and 5 years follow-up,””*! and 0% at >5
years follow-up.®*

Two studies reported NDI stratified by
GA. There was some evidence of a trend
toward a higher prevalence of NDI at
lower GAs, but there was variability
across studies (Supplemental Table 6).”%54

Discussion

This SLR provides global-based evidence
that children born extremely preterm are
at high risk for developing long-term neuro-
developmental adverse outcomes. Overall,
the search identified 69 articles that fulfilled
the study criteria for NDI. The higher prev-
alence of NDI in North America versus
Europe was notable, particularly among
infants with a shorter duration of follow-
up. This is likely attributable to the follow-
ing factors: (1) differences in the methodol-
ogy of data collection and assessment tools;
(2) resuscitation practices; and (3) differen-
ces between study populations, such as GA,
and neonatal and maternal comorbid con-
ditions. An additional consideration is that
studies in North America tended to report
the prevalence of any NDI, whereas
European studies were more likely to
report NDI prevalence by severity. Across
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follow-up ages, the prevalence of any NDI
in North America was 8%-59%. The prev-
alence of moderate NDI was 39% in the
single North American study that reported
moderate  NDIL?” versus 3%-19% in
included European studies. A meta-
analysis that included birth cohorts in a
median year of 2000 or later (median age
at assessment, 28 months) estimated that
52% of surviving infants born extremely
preterm worldwide develop NDI (defined
as cognitive, motor, hearing, and visual
impairment) to some degree;*° this is in
line with the NDI prevalence in North
America found in the present SLR of
more recent data.

A trend towards increased risk of NDI
with decreasing GA at birth was observed
in the present SLR among infants born at
23 weeks versus 27 weeks of GA (NDI prev-
alence, 48%—65% versus 26%, respective-
ly). These findings are broadly consistent
with data published later than the date
cut-off used to identify the literature includ-
ed in this study, including a 2018 meta-
analysis that reported the prevalence of
moderate-to-severe NDI at 18 months to 3
years (assessed using the Bayley Scales of
Infant Development II or III) to be 50%
among infants born at 23 weeks of GA
and 17% among infants born at 27 weeks
after 1994 in high-income countries.®’
Similar results were reported in a 2019
meta-analysis of studies with follow-up of
extremely preterm infants (born in 1995 or
later and aged 4-10 years at assessment),
conducted in Australia, Europe, Japan,
and the USA.®® The risk of moderate-to-
severe NDI (based on measurement of cog-
nitive ability) significantly declined with
each 1-week increase in GA, with NDI
rates of 41% at 23 weeks’ GA and 23% at
25 weeks’ GA. However, this SLR had
restricted  population criteria  (22-25
weeks) and looked at a later age range at
follow-up, leaving a critical window of
follow-up at 1-2 years after birth. Early

follow-up is important, as most clinical
interventions are initiated during this early
life period in an effort to improve later-life
outcomes.

Compared with the present SLR, these
meta-analyses were more limited regarding
the overall populations studied.
Furthermore, each analysis employed a dif-
ferent definition of NDI, all of which were
more specific than the broader scope
applied in the present review. The heteroge-
neity of our findings (>50% of included
studies) precluded any follow-up statistical
analysis (i.e. meta-analysis).

Retrospective and observational studies
conducted in North America, South Korea,
and Poland have also provided evidence
that NDI prevalence increases with lower
GA.13%90 11 these studies, NDI as well as
individual cognitive and motor compo-
nents, CP, and hearing impairment were
reported more frequently with lower GA
in extremely preterm infants. Comparison
of infants born at 22-24 weeks with those
born at 25-26 weeks revealed significant
differences in prevalence rates for NDI
(28% versus 14%), moderate-to-severe cog-
nitive delay (35% versus 24%), and
moderate-to-severe  motor  impairment
(16% versus 6%)."* In a study in France,
moderate/severe NDI was reported in 28%
and 12%, and mild NDI was reported in
38.5% and 34% of infants born at 24-26
weeks and 32-34 weeks, respectively.”!
These data indicate that the burden of
NDI among extremely preterm infants is
highest for infants born at the lowest GA.

The prevalence of any CP for different
follow-up durations was broadly similar
across geographical regions in the present
SLR, with 18 months to 2 years’ follow-
up showing the greatest variation (4%-—
54%). In agreement with earlier studies,”°
findings from a recent US cohort study sug-
gested that CP in extremely preterm infants
may be declining in severity over time.'?
Over the four-year study period of this US
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study, the percentage of infants with CP
decreased from 16% to 9%, reflecting a
43% decrease in prevalence of severe
CP and a 13% increase in prevalence of
mild CP.

Strengths of the current study include the
global focus of the review, the strict criteria
used to capture the target population of
extremely preterm infants and the systemat-
ic approach used to gather the data. Our
findings have implications for further
research, including the need for additional
longitudinal studies to capture the long-
term complications in children born
extremely preterm, to identify risk factors
associated with these outcomes and evalu-
ate new interventions to alter the life-long
trajectory of these complications. The scope
of previous SLRs reporting long-term out-
comes of NDI was different from the scope
of the present SLR, as they have either con-
sidered a wider population focus (prematu-
rity in general) in specific settings (low and
middle-income countries only),’* have con-
sidered a very narrow definition of extreme
prematurity (e.g. those born between 22
and 25 weeks’ gestation),”® or have restrict-
ed the follow-up time frame (18-24
months).”* The present results may be lim-
ited by variations in the tools used to assess
NDI and in the definitions of NDI, which
may have limited direct comparison of
results across studies. A further consider-
ation, which is inherent to observational
research, is the potential bias due to
patients lost to follow-up in included stud-
ies. Methodological variation and incom-
plete reporting are common issues
encountered in studies evaluating NDI in
extremely preterm children.”® For example,
in a previous evaluation of 14 cohort stud-
ies, information about several aspects of
outcome assessment was lacking and most
studies failed to report complete details of
data analysis, including masking, subgroup
analyses, and handling of missing data.”®

Such shortfalls in reporting affect the inter-
pretation of study results and, thus, affect
the conclusions made in systematic reviews,
impeding evidence-based clinical decisions.

In conclusion, children born extremely
preterm experience negative long-term neu-
rodevelopmental outcomes. Wide varia-
tions among prevalence estimates of NDI
and a trend toward a higher prevalence of
long-term NDI among infants born at the
lowest GA were noted. Further work is
needed to identify and minimize the risk
of NDI in this vulnerable patient
population.
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