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Abstract

Background Despite the associated major morbidities, advances in neonatal care units have improved the survival
rates of extremely preterm infants. However, the varying survival rates make it challenging to set policy decisions
around the standardization of care. Therefore, this study aimed to determine the global survival rate of extremely
preterm infants and to compare it across different income levels and over time during the last two decades.

Method A comprehensive systematic search was conducted across major databases, including PubMed/Medline,
EMBASE, CINAHL, Web of Science, Scopus, AJOL, Google Scholar and Google, to identify relevant articles. All peer-
reviewed studies reported the survival rate of extremely preterm infants (born before 29 weeks' gestation) between
January 1542000, and June 25th, 2024, were included. Outcomes were compared between Epoch 1 (2000-2015,
Millennium Developmental Goals period) and Epoch 2 (2016-2024, Sustainable Developmental Goals period).
DerSimonian-Laird random effects model was fitted to estimate the pooled weighted outcomes.

Results A total of 217 studies involving 917,176 infants were included. Based on published data, 61.4% (95% Cl:
58.13-64.81) of extremely preterm infants survived to discharge, and 51.7% (95% Cl: 44.25-59.22) of survivors were
discharged without major morbidity. Survival rate was significantly lower in low- and middle-income countries
(44.3%) compared to high-income countries (69.3%). Among low- and middle-income countries, survival improved
from 38% during the epoch 1 to 44.8% during the epoch 2. While in high-income countries it was 69.9% during
epoch 1 and 64.2% during epoch 2. These findings are based on reported literature; may not fully reflect outcomes
in low-resource settings where data are limited and underreported. Variability in the inclusion and care of borderline
viable infants also contributes to the heterogeneity and uncertainty of the estimates.

Conclusion Survival of extremely preterm infants varies widely across settings, with fewer than half surviving in
low- and middle-income countries. While some improvement was observed in these regions during the Sustainable
Developmental Goals period, comparisons across epochs and regions should be interpreted cautiously due to
differences in data availability and population characteristics. These variations underscore the need for context-
specific strategies that balance available resources, cultural values, and ethical considerations. Further population-
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level data, particularly from low-and middle-income countries, are essential to inform equitable global neonatal care

policies.

Registration PROSPERO (CDR42023447612 (PROSPERO (york.ac.uk)).

Clinical trial number Not applicable.

Keywords Survival rate, Extremely preterm infant, Meta-analysis

Introduction
Preterm birth is a significant global public health con-
cern [1]with an estimated 13.4 million neonates born
preterm annually [2]. It is the leading cause of mortality
in children under five years of age [3]. In 2021, preterm
birth complications accounted for more than one-third
of the 2.3 million neonatal deaths and almost one mil-
lion under five child deaths worldwide [4]. Extremely
preterm infants (EPIs) (born before 28 weeks) cannot
survive without the support of quality specialist neonatal
care. They have significantly higher morbidity and mor-
tality rates than other preterm births do, despite com-
prising just 5% of cases [5-7]. These births are associated
with increased risks of major short-term morbidities,
such as bronchopulmonary dysplasia (BPD), necrotizing
enterocolitis (NEC), severe intraventricular haemorrhage
(IVH), and severe retinopathy of prematurity (ROP) [8,
9]. Long-term concerns include lifelong disabilities such
as cognitive impairment, cerebral palsy, blindness, deaf-
ness [10, 11] and compromised quality of life [12, 13].
Despite advancements in neonatal intensive care unit
(NICU) technology and therapy, EPI survival rates vary
significantly across income levels [14, 15] exceeding 90%
[16], compared with approximately 10% in low-income
countries [7]. Recent data revealed a 39% survival rate
in developing nations [17] and an 83.6% survival rate in
Europe [18]. Globally, studies on the survival of EPI have
shown significant inconsistencies [11, 19, 20] with rates
ranging from 7% [21] to 92.6% [22]. These disparities
both between and within countries [23] are influenced by
differences in healthcare [24] viability definitions [25] and
attitudes toward lifesaving support [26]. This makes it dif-
ficult for scientific committees and health policy authori-
ties in countries with varying income levels to translate
this information for clinical decision-making, bench-
marking and prioritizing future interventions. Therefore,
synthesizing survival data from published studies across
different regions can provide valuable insights into cur-
rent trends and gaps, while highlighting the need for
more comprehensive, population-based data to guide
future strategy development and implementation.
Reducing neonatal and under five child mortality rates
is a key objective of the Millennium (2000-2015) and
Sustainable Development Goals (2016-2030). Sustain-
able Development Goal 3.2 aims to reduce neonatal
deaths to less than 12 per 1,000 live births and under five

child deaths to less than 25 per 1,000 live births by 2030
[27]. Previously, the Millennium Developmental Goal
4 aimed to reduce under five mortality by two-thirds
by 2015 [28]. While Millennium Developmental Goal 4
focused on the rate of improvement, Sustainable Devel-
opment Goal 3.2 establishes absolute mortality thresh-
olds, aiming to sustain and standardize progress globally.

Therefore, this systematic review and meta-analysis
aimed to provide updated global survival rate and sur-
vival without major morbidity among EPI. It also com-
pared these rates across low-, middle-, and high-income
countries, examining their progress during the Mil-
lennium Developmental Goals period and Sustainable
Development Goals period.

Methods

This systematic review and meta-analysis protocol is reg-
istered at PROSPERO (CDR42023447612; PROSPERO
(york.ac.uk)). The Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) checklist [29]
was followed to report this systematic review and meta-
analysis (Additional file 1).

Eligibility criteria

Study scope and context

This review included all peer-reviewed observational
studies on EPI born from January 1st, 2000, to June
25th, 2024 and reported on survival to discharge of this
population. While the WHO defines EPIs as babies born
before 28 weeks, we included those born before 29 weeks
to align with most primary studies (categorizing them
as EPIs). Only studies that reported outcomes based on
gestational age were included to ensure consistency and
comparability across included data. Studies in any lan-
guage were eligible if Google language translations were
available [30—33]. Our study focused on the survival rate
and survival without major morbidity and our primary
objective was to extract numerical data such as sample
sizes, prevalence rates from the articles. This type of data
is less prone to misinterpretation during translation, as
numbers and associated terminology are generally con-
sistent across languages.

Exclusion criteria
Qualitative studies, case-control studies, case reports,
systematic reviews, meta-analyses, scoping reviews, case
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selective studies that had specific exclusion criteria, and
studies without full texts like conference abstracts (diffi-
cult to assess their quality) were excluded from this study.
To avoid duplication, when multiple studies reported
data from the same neonatal networks or large databases,
we included only the most recent and comprehensive
reports that were most relevant to our objectives, in the
case of historical comparative cohorts too. Unpublished
studies, studies assessed using parent recall, and those
on preterm neonates born after 29 weeks were also
excluded.

Outcome of the study

The primary outcome of this review was to determine the
pooled survival rate of EPI globally. For comparison pur-
pose, data from primary studies were grouped by regions,
World Bank income classification (income grouping
reflect the classification as of 2023), and epochs: Mil-
lennium Development Goals period (MDGP)-epoch
1 (2000-2015) versus Sustainable Development Goals
period (SDGP)-epoch 2 (2016-2024), this developmen-
tal period isn’t capped at 2024, but our search for articles
extended up to that year. We utilized this year classifica-
tion because different global interventions and strategies
were implemented during these distinct and well demar-
cated periods to improve neonatal and child health. To
analyse survival and survival without major morbidity
by specific gestational age (22-28 weeks), we utilized a
decade-based classification (2000—2009 vs. >2009) rather
than the primary epoch definitions used elsewhere in
the study. This allowed as to include a greater number
of comparable studies within each group and to enable
meaningful, interpretable comparisons of GA-specific
outcomes across time.

In this meta-analysis, the survival to discharge rate of
EPI was considered the number of infants discharged to
home alive irrespective of the time (discharged from the
hospital at any time or at one year) and denominators.
This study also aimed to estimate the survival without
major morbidity of EPI, calculated as the proportion of
EPI neonates who survived to discharge without major
morbidity to the number of EPI infants who survived to
discharge. The survival rate might be calculated based on
three denominators as follows:

1. The survival rate among all extremely preterm live
birth neonates was considered the proportion of
the number of survivors at hospital discharge to the
number of extremely preterm live births.

2. Survival rate among live-born EPIs admitted to the
NICU was defined as the proportion of infants who
survived to hospital discharge out of all live-born
EPIs admitted to the NICU.
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3. The survival rate among actively treated live EPIs
was considered the proportion of the number of
survivors at hospital discharge to the number of live
EPIs actively treated.

Major neonatal morbidity was considered if surviving
EPI had any of the following complications:

BPD was defined as the need for supplemental oxy-
gen and/or respiratory support (intermittent mandatory
ventilation, continuous positive airway pressure or high
flow) at 36 weeks postmenstrual age (severe); Grade 3 or
4 TVH associated with ventricular dilatation according to
Volpe grading; Stages II and III NEC according to Bell’s
classification; and Stages three and above ROP and/or
requiring laser treatment according to international ROP
committee classification criteria. Survival without major
morbidity was considered survival to discharge without
any of the above major morbidities. The calculation of
survival and survival without major morbidity for each
specific gestational age (22-28 weeks) was performed in
the same manner as mentioned above.

Search strategies

A comprehensive systematic search was conducted by
two authors (TG and HKK) up to June 25th, 2024, using
medical electronic databases, including PubMed/Med-
line, EMBASE, CINAHL, Web of Science, Scopus, AJOL
(African Journal of Online), Google Scholar and Google,
to identify relevant articles. Keywords and subject head-
ings were combined in the search. Snowballing of already
identified article references supplemented the electronic
database search (supplementary file-Sect. 1).

Screening

After a comprehensive systematic search, potentially eli-
gible studies were imported into Covidence software to
manage duplication and further screening. Two indepen-
dent reviewers (TG and HKK) screened all the articles’
titles and abstracts on the basis of the eligibility criteria.
The titles and abstracts of potentially eligible studies were
subsequently used to access the full text of each article
for further screening. Articles lacking full text were
excluded if the authors could not be contacted after at
least two attempts via email or ResearchGate to obtain
full-text access; hence, full text is a prerequisite for qual-
ity assessment and data extraction. Then, studies report-
ing the outcomes for which definition were given and
fully accessed during data extraction were considered for
the final selection in this review.

Critical appraisal

The quality of the eligible articles was assessed via the
Newcastle-Ottawa Scale (NOS) for cohort studies [34].
Studies scoring 7/9 or higher were classified as good
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quality (low risk), whereas those scoring below 7/9 were
considered poor quality (high risk). Two independent
authors critically appraised the studies, and any discrep-
ancy was solved via consensus.

Data extraction

A standardized data extraction format, following the
Joanna Briggs Institute systematic review guidelines, was
utilized within Covidence software [35] (Supplementary
file-Sect. 2). Disagreements between reviewers during
data extraction were resolved through consensus. Finally,
the extracted data were exported to Stata for further
analysis.

Quantitative data synthesis

The descriptive characteristics of the primary studies
are summarized in tables and narrative texts. Heteroge-
neity across eligible studies was assessed and quantified
via Cochrane Q statistics and inverse variance (I [2]). The
extracted data were subjected to meta-analysis after logit
transformation to obtain the pooled weighted effect size.
A DerSimonian-Laird random effects model was applied
to estimate the pooled weighted survival to discharge
rate of EPI, as potential heterogeneity was expected.
The pooled meta-analysis results with 95% confidence
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intervals (CIs) are presented in a forest plot. Survival
without major morbidity, specific major morbidity, sur-
vival, and survival without major morbidity rates for
each specific gestational age category were also reported.
Subgroup analysis was conducted on the basis of actual
geographical location, various region categories, World
Bank income level, year of birth (epoch 1 (2000-2015)
and epoch 2 (2016-2024)), and specific gestational age
(22-28 weeks) to identify the source of heterogeneity.
Sensitivity analysis was conducted to assess the impact
of individual studies on the pooled meta-analysis. Asym-
metric visualization of the funnel plot was used to declare
publication bias. All analyses were performed in STATA
version 17.

Results

Search results

Among the 9,320 studies initially retrieved, 786 articles
underwent full-text review, resulting in the inclusion of
227 primary studies involving 917,176 extremely preterm
neonates born before 29 weeks of gestation for this sys-
tematic review and meta-analysis (Fig. 1).

Studies from databases/registers (n = 9,320)
Web of Science (n = 3,219), PubMed (n = 2,919)
Embase (n =1,391), CINAHL (n = 1,004)

Scopus (n =556), AJOL (n=231)

References from other sources (n = 44)
Citation searching (snowballing) (n = 44)
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Duplicate studies (n = 4,057)

A4

Duplicates identified manually (n = 13)
Duplicates identified by Covidence (n =4,044)

Studies screened (n = 5,307)

Studies excluded after title and abstract
reviewed (n = 4,521) using eligibility criteria

v

Screening

Studies sought for retrieval (n = 786)

3| Studies excluded (n = 559)
No Full text (n =12)
Different outcomes (n = 81)

Different study design (n = 28)
Different patient population (n = 438)

Studies included in the review (n = 227)

For survival rate n = 178)
For survival without major morbidities (n = 36)

Fig. 1 PRISMA flow chart of search results

Major morbidities
BPD (n = 18), NEC (n = 22), ROP (n = 23),
and IVH (n =33)




Getaneh et al. BMC Pediatrics (2025) 25:579

Study characteristics

Among the 227 studies, 44 countries were represented.
One-third of the studies were from Europe and Central
Asia, with East Asia, the Pacific, and North America each
contributing 53 articles. Over two-thirds of the studies
were conducted in high-income countries (HIC), 12.7%
in upper-middle-income countries, 11.4% in lower-mid-
dle-income countries and 1.3% in low-income countries
(LIC). The studies, published from 2007 to 2024, involved
EPIs born between 2000 and 2021 (supplementary file-
Table 1).

Risk of bias

Among the 227 included studies, 171 were classified as
having a low risk of bias, and 56 were deemed to have a
high risk of bias (supplementary file-Table 1).

Survival to discharge rate of EPIs

Finally, data from 178 peer-reviewed articles were anal-
ysed to estimate the survival to discharge rate. The over-
all pooled survival to discharge rate of EPI infants was
61.4% (95% CI: 58.13, 64.81), with considerable hetero-
geneity across studies (I=97%, p=0.000) (supplemen-
tary file-Fig. 1). A subgroup meta-analysis was conducted
to explore sources of heterogeneity, considering factors
such as risk of bias, regions, World Bank income levels,
year of birth, and denominators (live birth, NICU admis-
sion and active treatment).

Low-risk-of-bias studies had a pooled survival rate of
66.6% (95% CI; 63.01, 70.16), whereas the high-risk-of-
bias studies had a rate of 47.9% (95% CI; 42.10, 53.87)
(supplementary file-Fig. 2). The Mann-Whitney U test
revealed significant variation across risk of bias catego-
ries (p=0.000). Survival rates differed by income level:
69.3% (95% CI: 66.49, 72.17) in HICs, 55.6% (95% CIL:
48.58, 62.78) in upper-middle-income countries, 33.9%
(95% CI; 28.28, 39.54) in lower-middle-income countries,
and 32.2% (95% CI; 3.77, 60.71) in LICs (p=0.000) (Fig.
2). This distinction was also evident in the pooled sur-
vival rates, encompassing only studies with a low risk of
bias (supplementary file-Fig. 3).

“This plot includes a large number of studies; zoom-
ing in is recommended for optimal readability”

The overall survival rate was lower in epoch 2 (2016—
2024), at 49.7% (95% CI; 40.74, 58.67), than in epoch 1
(2000-2015), at 63.1% (95% CI; 58.76, 67.59) (Fig. 3).
However, in studies with a low risk of bias, the survival
rate was 66.9% (95% CI; 62.37, 71.52) in epoch 1 and
71% (95% CI; 59.26, 82.87) in epoch 2, but this differ-
ence was not statistically significant (supplementary file-
Fig. 4). In low- and middle-income countries (LMICs), a
38.04% (95% CI: 30.22, 45.85) survival rate was reported
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during epoch 1, and a 44.87% (95% CI: 35.10, 54.65) sur-
vival rate was reported during epoch 2. However, 69.98%
(95% CI: 66.87, 73.08) of the survival rate during epoch 1
and 64.19% (95% CI: 49.17, 79.21) during epoch 2 were
reported in HICs (only 6 studies were included in epoch
2 and may not reflect the actual survival rate). While
high risk of bias studies were retained to provide a com-
prehensive overview of the literature, their findings were
interpreted with caution. These studies might be contrib-
uted to the observed heterogeneity and resulted in wider
confidence intervals, reducing the precision and reliabil-
ity of pooled estimates.

The highest survival rates of EPI infants were observed
in East Asia and the Pacific (72.9% (95% CI: 68.96, 76.83)
and North America (71.9% (95% CI. 65.41, 78.42)). In
contrast, the lowest rates were in sub-Saharan Africa
(31.3% (95% CI: 24.51, 38.11)) and the Middle East and
North Africa (39.7% (95% CI: 32.61, 46.85)) (supplemen-
tary file-Fig. 5). Survival rates were consistent across vari-
ous denominator categories: 65.6% (95% CI; 59.39, 71.94)
for live births, 59.6% (95% CI; 55.77, 63.50) for NICU
admissions, and 75.9% (95% CI; 70.92, 80.98) for actively
treated EPIs (p value=0.168) (supplementary file-Fig. 6).
Sensitivity analysis was performed to assess the impact of
primary studies on the overall survival rate, and no sig-
nificant change was observed in the combined results.
Even when studies with small sample sizes were excluded,
there was no significant change in the overall effect esti-
mate, as shown in supplementary file Fig. 7.

“This plot includes a large number of studies; zoom-
ing in is recommended for optimal readability”

Furthermore, the presence of publication bias was ruled
out through a symmetrical funnel plot (supplementary
file-Fig. 8) and an insignificant Egger statistical test, with
a p value of 0.102.

Survival to discharge without major morbidities of EPI
Among the 71,240 survived EPIs (from 36 studies), 51.7%
(95% CI; 44.25, 59.22) were discharged without major
morbidities. Significant heterogeneity was observed
across the primary articles (I>= 97.4%, p =0.000) (supple-
mentary file-Fig. 9). Subgroup analysis on the basis of the
risk of bias revealed a 51.8% (95% CI; 43.89, 59.90) rate
of survival without major morbidities in the low-risk-of-
bias studies and a 49.9% (29.34, 70.58) rate in the high-
risk-of-bias studies (supplementary file-Fig. 10). The rates
across the year of birth categories (epoch 1 vs. epoch 2)
were similar: 55.1% (95% CI; 49.59, 60.71) and 52% (95%
CI; 28.44, 75.59), respectively (supplementary file-Fig.
11).

With respect to the World Bank income categories,
a higher survival rate without major morbidities was
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observed in upper-middle-income countries (67.2%,
95% CI; 48.02, 86.42), followed by 49.5% (95% CI; 41.55,
57.55) in HICs and 40% (95% CI; 32.77, 47.23) in a single-
centre study in lower-middle-income countries (no stud-
ies reported from LICs) (supplementary file-Fig. 12). No
publication bias observed across included studies (sup-
plementary file-Fig. 13).

Survival to discharge rate at a specific gestational age
(22-28 weeks)

The meta-analysis also estimated the survival rates with-
out major morbidities for each gestational age (Fig. 4).

However, the majority of the studies included to esti-
mate the survival rate at discharge for each gestational
age were reported from HICs. With respect to survival
without major morbidity rates, the majority were from
HICs, few were from middle-income countries, and none
were from LICs (supplementary file-Table 2).

A pooled analysis of 46 studies revealed that 27.6% of
preterm infants born at 22 weeks gestation survived to
discharge globally (95% CI: 19.77, 35.48%). Among these
survivors, 14% were discharged without major conse-
quences. A survival to discharge rate of only 41.9% (95%
CI; 37.1, 47.01) was reported for preterm infants born at
23 weeks of gestation. Among the 1,318 survivors, only
16.8% were discharged without major morbidities.

Over half of the preterm infants born at 24 weeks of
gestation (55.2%, 95% CI; 50.25, 60.08) survived to dis-
charge. Globally, approximately one-third (33.8%) of
surviving infants born at 24 weeks of gestation are dis-
charged without major morbidities. Similarly, more
than two-thirds of the infants born at 25 weeks of ges-
tational age survived to discharge (70.2%, 95% CI: 64.99,
74.89), and almost half of the 6,476 surviving infants
(45.1%) were discharged without major morbidities. A

100
90
80

Mean of survival rate in %

22wk 23wk 24wk
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survival-to-discharge rate of nearly 80% was reported
among infants born at 26 weeks of gestational age (79.6%
(95% CI; 74.92, 83.69)). The survival to discharge without
major morbidities rate for infants born at 26 weeks of
gestation was 56.7%.

Among the 30,991 infants born at 27 weeks of gesta-
tion, 84.4% survived to discharge (95% CI; 79.84, 88.76).
Among these surviving infants, 66.1% were discharged
without major morbidities. In a pooled analysis of 24
articles including 29,851 infants born at 28 weeks of
gestation, the survival to discharge rate was 87.3%, and
69.7% of the infants survived without major morbidities.
In general, the survival to discharge rate varied signifi-
cantly across gestational age categories (p value=0.001,
Kruskal-Wallis test). The mean survival to discharge rate
of EPIs born at 23 weeks and 24 weeks increased from
2000 to 2009 to 2010-2024, but this did not exist for
other gestational age groups (Fig. 5).

Most of the included studies were from high-income
countries and were conducted during the Millennium
Developmental Goals period. The publication bias of
each respective gestational age survival and survival
without major morbidity is presented in supplementary
file-Figs. 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 and 25.

Specific major morbidities among survivors

In general, almost all eligible studies included to pool the
effect size of each specific major morbidity were from
HICs, with the exception of two articles reported from
middle-income countries (One contributed data on NEC,
the other on ROP, and both were included in the esti-
mation of BPD rates). Severe BPD was the predominant
major morbidity among survivors, with a pooled effect
size of 30.8% (95% CI; 22, 39.6) on the basis of 18 primary
studies. Its prevalence has increased over the last decade

844 87.3
79.6 '
70.2
o 61 9.7
60 55.2 6.7
50 41.9 3.1
40 3.8
27.6

30
20 14 16.8
10 l I

0

25wk 26wk 27wk 28wk

Gestational age in week

W Survival rate

B Survival without major morbidity

Fig. 4 Survival and survival without major morbidity rates of extremely preterm infants born from 22-28 weeks from 2000-2024
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Mean of Survival by Gestational age by Year of birth
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Fig.5 Survival to discharge rate across gestational age categories by year of birth

(2010-2024) to 32.7%, up from 24.4% in the EPI born
from 2000 to 2009. ROP is the second most reported
major morbidity. On average, 21.1% (95% CI; 15.9, 26.3)
of EPI survived to discharge with severe ROP. Notably,
the prevalence of severe ROP decreased from 19.2% from
2000 to 2009 to 15.3% from 2010 to 2024.

According to pooled analysis of 33 studies, 11.1% (95%
CI; 9.3, 12.9) of survived EPI experienced severe IVH at
discharge, with a decrease from 14.5% from 2000 to 2009
to 9% in 2010 and later. With respect to NEC incidence,
6.1% of surviving EPIs were diagnosed with severe NEC
at discharge, with a consistent prevalence of approxi-
mately 4.9% from 2000 to 2009 and 4.8% from 2010 to
2024. In general, the prevalence of each major morbidity
among survivors decreased from 2000 to 2009 to 2010-
2024, except for severe BPD. All the data related to the
incidence of major morbidities and improvements over
time are presented in Supplementary file-Figs. 2626, 27,
28, 29 and 30. The publication bias across each major
morbidity is reported in Supplementary file-Fig. 31.

Certainty of evidence (CoE)

To rate the quality of evidence synthesized in our system-
atic review and meta-analysis, the Grading of Recom-
mendations, Assessment, Development and Evaluation
(GRADE) approach was applied. Accordingly, the extent
of confidence in our estimated effect size ranges from
very low to moderate evidence of effect size (Table 1).

Discussion

In our analysis, the overall survival to discharge rate of
preterm infants born before 29 weeks of gestation was
61.4%, with considerable heterogeneity. The heteroge-
neity across the included articles might be explained by
the inclusion of studies around the globe characterized
by diverse variations in population background, geo-
graphical area, and clinical practice. More specifically,
inadequate descriptions of factors such as high-order
pregnancy, methods of gestational age calculation, con-
genital anomalies, and intensive treatment probably
affect the survival rate variations among individual stud-
ies [36, 37]. Although we are moderately confident in
the pooled effect estimate based on the published litera-
ture, we acknowledge that these results are not derived
from population-based data and may underrepresent
extremely preterm infants in the lowest-resource settings
where reporting is limited or absent.

Although 56 studies were assessed as having a high
risk of bias, they were included in the primary analysis to
ensure comprehensive representation of global survival
data across time and settings. Excluding these studies
would have disproportionately limited data from earlier
epochs and lower-resource regions. Subgroup analysis
by risk of bias showed that the overall decline in sur-
vival observed in epoch 2 (compared to epoch 1) was not
present among low risk-of-bias studies, where survival
was slightly higher than epoch 1, though not statistically
significant. This suggests that the observed decline may
reflect differences in populations or reporting meth-
ods rather than true deterioration in care. Including all
studies, with stratified analysis by risk of bias, allowed a
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Table 1 Certainty of evidence of the outcomes of this study
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Outcome Risk of bias Inconsistency  Indirectness Imprecision Publication bias CoE
Survival Not serious Not serious Not serious Not serious None Moderate
Survival without major morbidity Not serious Serious' Not serious Not serious None Low
Survival at 22wk Not serious Serious' Not serious Not serious None Low
Survival without major morbidity at 22wk Not serious Serious' Not serious Serious? Very low
Survival at 23wk Not serious Not serious Not serious Serious’ None Low
Survival without major morbidity at 23wk Not serious Not serious Not serious None Low
Survival at 24wk Not serious Serious' Not serious Not serious None Low
Survival without major morbidity at 24wk Not serious Serious' Not serious Not serious None Low
Survival at 25wk Not serious Serious' Not serious Not serious None Low
Survival without major morbidity at 25wk Not serious Serious' Not serious Not serious None Low
Survival at 26wk Not serious Serious' Not serious Not serious None Low
Survival without major morbidity at 26wk Not serious Serious' Not serious Not serious None Low
Survival at 27wk Not serious Serious' Not serious Not serious None Low
Survival without major morbidity at 27wk Not serious Serious' Not serious Serious? None Very low
Survival at 28wk Not serious Serious' Not serious Serous? None Very low
Survival without major morbidity at 28wk Not serious Serious' Not serious Serious? - Very low
Severe BPD Not serious Serious' Not serious Serious? None Very low
Severe ROP Not serious Serious' Not serious Not serious None Low
Severe IVH Not serious Serious' Not serious Not serious None Low
Severe NEC Not serious Serious' Not serious Not serious None Low

NB: 'Serious Inconsistency-Substantial heterogeneity across studies and variability in effect sizes not fully explained by subgroup analyses. 2Serious Imprecision-
Wide confidence intervals and/or small sample size in subgroup analyses, affecting certainty of effect estimates

more nuanced interpretation of trends. Notably, the low-
est survival rates were reported in low-income country
during epoch 2 [38—40], while relatively few high-income
country studies were published in the same period. and
only a few reports were published during epoch 2 in
high-income countries.

An improvement in the survival rate was observed in
LMICs from epoch 1 to epoch 2, whereas in HICs, a low
survival rate was reported during epoch 2 compared to
epoch 1. The observed decrease in survival rates in HICs
during epoch 2 may be attributed to evolving clinical
practices and changes in the population of infants receiv-
ing active care. Over time, there has been a shift towards
offering active treatment to more previable infants, par-
ticularly those born at 22 weeks’ gestation, who were pre-
viously considered non-viable. This expansion of care to
more vulnerable subpopulations likely contributed to the
observed decrease in overall survival rates in these set-
tings, not due to a decline in care quality, but due to a
change in the denominator population being treated. The
survival rates for infants born at 22 weeks varied signifi-
cantly across centres, largely depending on the aggres-
siveness of care provided [24]. Therefore, the inclusion
of more high-risk infants in active care protocols dur-
ing epoch 2 may have influenced overall survival rates,
reflecting changes in clinical decision-making and ethical
considerations.

A significant variation in survival to discharge rate
was observed across high-income and low- and mid-
dle-income countries [17] highlighting unacceptable

inequities. Similarly, a meta-analysis highlighted a signifi-
cant disparity in survival rates, with improvements over-
time but persistent inequalities between high-income and
low-to middle-income countries [41]. The management
of EPIs varies across and within countries, influenced
by differences in national policies, resource availability,
cultural attitudes and ethical considerations [42, 43]. In
HICs, there are established guidelines that support active
treatment for infants born as early as 22—-24 weeks’ gesta-
tion. For instance, the American College of Obstetricians
and Gynaecologists defines previable birth as occurring
between 20 and 25 weeks’ gestation, with recommenda-
tions for individualized care based on gestational age and
other factors [44]. Similarly, countries like Japan and Swe-
den have reported survival rates of 58—63% for infants
born at 22 weeks, reflecting their proactive approaches to
neonatal care [45, 46].

Conversely, in LMICs, the approach to managing EPIs
is often constrained by limited resources and infrastruc-
ture. Thus, gestational age thresholds for viability in
LMICs are typically higher, often around 28-29 weeks,
due to challenges such as inadequate neonatal intensive
care facilities and limited access to life-saving interven-
tions [47]. Furthermore, within both HICs and LMICs,
there is considerable variability. For example, in the
Netherlands, guidelines recommend a more conservative
approach to resuscitating infants born at the threshold of
viability, emphasizing shared decision-making with par-
ents [48]. In LMICs, disparities between urban and rural
healthcare settings can lead to inconsistent application
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of neonatal care protocols [49]. These variations under-
score the complexity of establishing universal guidelines
for the care of EPIs and highlight the need for context-
specific policies that consider local resources, cultural
values, and ethical frameworks. Therefore, in resource
limited setting, prioritizing cost-effective interventions
such as kangaroo mother care, breastfeeding support,
thermoregulation, and infection prevention remains
critical for improving outcomes across all gestational age
groups. A careful balance is needed to ensure that efforts
to improve EPI survival do not divert limited resources
away from these broader, high-impact strategies.

The survival rate of EPI varies significantly by region,
with the highest rates reported in North American and
East Asia and the Pacific and the lowest rates reported
in sub-Saharan Africa, followed by the Middle East and
North Africa. Variation in attitudes and decisions regard-
ing lifesaving support for EPI is the common reason for
this variation [50]. Limited access to cost-effective care
such as thermal support, breastfeeding assistance, and
respiratory care in LICs along with suboptimal use of
available technology in middle-income settings, further
exacerbates these differences [24, 51]. Higher survival
rate was reported among EPI actively treated followed by
live births and NICU admitted infants. In some settings,
NICU admission may include infants receiving only pal-
liative or short-term care, particularly at the lowest gesta-
tional ages, leading to lower survival rates in this group.
In contrast, actively treated infants often represent a
selected subgroup with better prognosis. Variations in
clinical practices, reporting, and treatment thresholds
across studies and regions further limit direct compara-
bility between these groups.

As gestational age increased, the survival rate at dis-
charge also increased. This could be because infants born
at lower levels of viability are at greater risk of vulnera-
bility and because of the varying attitudes of health care
professionals and parents in optimism toward providing
lifesaving services and resource availability. With respect
to the survival rate by year of infants born at each gesta-
tional age epoch, only the survival rate of neonates born
at 23 and 24 weeks improved from epoch 1 (2000-2009)
to epoch 2 (2010-2024).

Only half of the surviving EPI were discharged with-
out major morbidity, even though most of the studies
were from HICs. As gestational age increases, a signifi-
cant improvement in survival without major morbidity
and a decrease in mortality are also observed. Advances
in technology and therapies improve survival of EPI, but
morbidity remains a significant threat, increasing the risk
of lifelong disability and reducing quality of life. Clini-
cal decisions should prioritize the infant’s best interests,
weighing the burden of intensive care, including ‘pain
and suffering; against the expected outcome [52].
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Additionally, this meta-analysis revealed that severe
BPD was the most frequently diagnosed major morbid-
ity among survivors, followed by severe ROP, severe
IVH and severe NEC. This finding is in line with a sys-
tematic review and meta-analysis of the global incidence
of BPD, which reported a range of 10-89% [53]. While
rates of other major morbidities such as IVH, and NEC
have decreased over time likely due to improvements in
neonatal care practices including antenatal steroid use,
enhanced infection prevention, and better nutritional
strategies [54]. BPD rates have shown an increasing
trend. This may be explained by the improved survival
of EPIs who are at the greatest risk for BPD. Moreover,
prolonged use of respiratory support and oxygen therapy,
necessary for survival in these vulnerable infants, may
also contribute to the increased incidence of BPD [55].
Therefore, the increase in BPD may reflect a shift in mor-
bidity patterns due to enhanced survival rather than a
deterioration in care quality.

It is important to recognize that many LMICs do not
routinely provide active care for infants born below
26-28 weeks of gestation, often due to limited resources
and infrastructure. Therefore, the inclusion of LMIC data
in this review is not intended to advocate for immedi-
ate extension of care to the most EPIs in these settings,
but rather to provide a global perspective on outcomes.
Efforts to improve survival in LMICs should be priori-
tized at higher gestational age thresholds, where mor-
tality remains high and interventions are more likely
to be feasible and impactful. The underrepresentation
of LMIC studies likely reflects broader challenges in
research infrastructure, funding, and publication access
in these settings. Barriers such as limited research capac-
ity, underreporting, and language or indexing bias may
all contribute to the lack of available data. This highlights
the need for targeted investment in research in LMICs to
inform context-appropriate policy and practice.

Limitations of the study

While this study is a large global systematic review and
meta-analysis to estimate survival and survival without
major morbidity to the discharge rate of EPI, it has limi-
tations. The use of Google Translate for translating non-
English articles may pose a limitation due to potential
inaccuracies in language translation, though this is miti-
gated by our focus on extracting numerical prevalence
data, which is less affected by contextual nuances. Con-
siderable heterogeneity was found across the included
studies for the pooled outcomes. Nevertheless, we are
moderately confident in the pooled effect estimate of sur-
vival to discharge rate, and the true effect is likely to be
close to the estimated effect based on published data. The
certainty of evidence for all other outcomes ranged from
very low to low. The overwhelming majority of included
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studies were from HICs, with a small number repre-
senting middle-income settings and only few from low-
income countries, where health systems, resources, and
patient populations may differ substantially. As a result,
the pooled estimates presented here may not be gener-
alizable to LMICs, where neonatal outcomes may differ
substantially due to variation in access to antenatal cor-
ticosteroids, skilled birth attendance, intensive care, and
follow-up care. This highlights a critical need for more
high-quality data from LMICs to inform global neonatal
health policy. In addition, most included studies are not
population-based but instead derive from neonatal net-
works or facility-based cohorts, which may not reflect
broader national or regional survival rates. High-quality,
large-scale networks such as those from Europe, and
Japan are overrepresented in the literature and contrib-
ute substantially to our pooled estimates. As such, the
findings may overestimate survival in settings where out-
comes for EPIs are less favourable and data less complete.
There is a critical need for more inclusive, population-
based data, particularly from low- and middle-income
countries, to better inform global estimates and equity-
focused strategies.

While we attempted to stratify data where available,
many studies reported outcomes for wide gestational age
ranges (e.g., 22—28 weeks), making it challenging to draw
conclusions about specific gestational age subgroups.
This is particularly relevant for infants born at 22-23
weeks, whose outcomes are heavily influenced by insti-
tutional and national policies regarding active treatment.
Aggregating such diverse gestational ages can obscure
important differences in survival and morbidity, poten-
tially misrepresenting both the burden and progress in
care. Where data allowed, we conducted subgroup analy-
ses by individual gestational weeks to address this limi-
tation, and we emphasize the need for future studies to
report outcomes with greater gestational age granular-
ity. Moreover, the majority of studies included to esti-
mate survival without major morbidity rates of infants
were from HICs. The lack of systemic data collection
in LMICs, unlike high-income countries with estab-
lished neonatal networks, may contribute to this limited
reporting. Even where systems exist, reporting is often
inconsistent. This underscores the need to strengthen
surveillance systems to set benchmarks.

We also acknowledge the possibility that some relevant
studies may have been missed despite our comprehen-
sive search strategy. Limitations in indexing, non-English
publications, and inconsistent reporting practices may
have contributed to incomplete retrieval. Additionally,
some included studies had very small sample sizes and/or
a high risk of bias, which may affect the robustness and
generalizability of the pooled estimates. Another key lim-
itation is the uncertainty around denominator accuracy
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in many settings. In several countries or healthcare units,
reliable data on live births and stillbirths are not consis-
tently recorded, especially at the lowest gestational ages.
This variability in data quality may influence survival esti-
mates and introduces additional challenges in comparing
outcomes across studies and regions.

Conclusion

In conclusion, while global data demonstrate encourag-
ing trends in survival and morbidity outcomes among
EPIs with increasing gestational age, profound dispari-
ties remain across income settings. Survival rates exceed
69% in high-income countries but fall to just over 32% in
low-income countries, highlighting the inequitable dis-
tribution of neonatal care resources and outcomes. The
limited, heterogeneous, and often incomplete data from
low- and middle-income countries hinder robust com-
parisons and obscure the true impact of implemented
interventions in these settings.

Moreover, differences in data quality, health system
capacity, and population characteristics hinder direct
comparisons across regions and time periods. These
variations underscore the importance of developing
context-specific strategies that align with local resources,
cultural values, and ethical frameworks. There is a need
for gestation-specific, population-level data particularly
from low-and middle-income countries to inform equi-
table and evidence-based global neonatal care policies.
Bridging these data gaps is essential for setting realistic,
income-adjusted benchmarks and improving outcomes
for the most vulnerable newborns worldwide.
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