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ABSTRACT

Background Preterm birth is the leading cause of under-five-
mortality worldwide, with the highest burden in low-income
and middle-income countries (LMICs). The aim of this study
was to synthesise evidence-based interventions for preterm
and low birthweight (LBW) neonates in LMICs, their associated
neonatal mortality rate (NMR), and barriers and facilitators

to their implementation. This study updates all existing
evidence on this topic and reviews evidence on interventions
that have not been previously considered in current WHO
recommendations.

Methods Six electronic databases were searched until 3
March 2020 for randomised controlled trials reporting NVIR

of preterm and/or LBW newborns following any intervention

in LMICs. Risk ratios for mortality outcomes were pooled
where appropriate using a random effects model (PROSPERO
registration number: CRD42019139267).

Results 1236 studies were identified, of which 49 were
narratively synthesised and 9 contributed to the meta-
analysis. The studies included 39 interventions in 21 countries
with 46 993 participants. High-quality evidence suggested
significant reduction of NMR following antenatal corticosteroids
(Pakistan risk ratio (RR) 0.89; 95% CI 0.80 to 0.99IGuatemala
0.74; 0.68 t0 0.81), single cord (0.65; 0.50 to 0.86) and skin
cleansing with chlorhexidine (0.72; 0.55 to 0.95), early BCG
vaccine (0.64; 0.48 to 0.86; I 0%), community kangaroo
mother care (OR 0.73; 0.55 to 0.97; I 0%) and home-based
newborn care (preterm 0.25; 0.14 to 0.48ILBW 0.42; 0.27 to
0.65). No effects on perinatal (essential newborn care 1.02;
0.91 to 1.14Ineonatal resuscitation 0.95; 0.84 to 1.07) or 7-
day NMR (essential newborn care 1.03; 0.83 to 1.27Ineonatal
resuscitation 0.92; 0.77 to 1.09) were observed after training
birth attendants.

Conclusion The findings of this study encourage the
implementation of additional, evidence-based interventions in
the current (WHO) guidelines and to be selective in usage of
antenatal corticosteroids, to reduce mortality among preterm
and LBW neonates in LMICs. Given the global commitment

to end all preventable neonatal deaths by 2030, continuous

Key questions

What is already known?

» Preterm birth and low birth weight in low-income and
middle-income countries (LMICs) are responsible for
one of the highest preventable neonatal deaths and
disability-adjusted life years (DALYs) globally.

» In 2015, the WHO published recommendations on inter-
ventions to improve preterm birth outcomes, focusing on
nine antenatal, perinatal and postnatal interventions, and
their maternal and neonatal outcomes.

» To date, the vast majority of published research on in-
terventions for preterm and low-birthweight (LBW) ne-
onates has been conducted in high-income countries.

What are the new findings?

» To our knowledge, this is the first systematic review and
meta-analysis that updates all existing evidence and
provides an overview of new evidence regarding mor-
tality outcomes for preterm and LBW neonates in LMICs.

» Four effective interventions currently not included in the
WHO guidelines were identified: cord and skin cleansing
with chlorhexidine, community kangaroo mother care
for all LBW neonates <2500 g, home-based newborn
care and early BCG vaccination for LBW neonates.

» Antenatal corticosteroids are effective under certain
circumstances.

» A reporting gap for neonatal mortality outcomes for
studies with a focus on antenatal and population-based
interventions for preterm and LBW neonates was
identified.

evaluation and improvement of the current guidelines should
be a priority on the agenda.

BACKGROUND
Globally, an estimated 15 million infants are
born prematurely each year." Complications in
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Key questions

What do the new findings imply?

» The novel findings of this study encourage the implementation of
additional, evidence-based methods to reduce the neonatal mortal-
ity rate among preterm and LBW neonates.

» Optimal use of maternal and newborn healthcare practices, such as
accurate gestational age dating, birth and death registration, and a
health system in which continuous knowledge generation is em-
bedded in daily practice, remain priorities to inform future practice.

» The findings highlight the importance of disaggregated data pre-
sentation to increase the availability of neonatal mortality outcomes
for preterm and LBW neonates in LMICs.

preterm birth are the leading cause of death in children under
5 years of age globally and accounted for approximately 35%
of 2.5 million deaths among all newborn babies in 2018.%
An estimated 81.1% of preterm births occurred in Asia and
sub-Saharan Africa and >80% of all newborn deaths among
preterm and low-birthweight (LBW) neonates occurred in
these countries.' * Low-income and middle-income coun-
tries (LMICs) are disproportionately affected due to their
lack of available, affordable, acceptable and sufficient-quality
maternal and newborn care. Moreover, LMICs continue to
deal with shortages of trained health personnel and health-
care technology such as incubators and respiratory support
systems. This may cause an increased incidence of disability
among preterm and LBW babies, who survive the neonatal
period.”

Addressing the global burden of preterm birth and LBW
babies is crucial to achieve Sustainable Development Goal
(SDG) 3.2 and end the preventable deaths of newborns
and children under 5 years of age. About 84% of preterm
births are moderate and late preterm (32—<37 weeks), whose
deaths could be prevented with supportive care and feasible
interventions.” In 2014, the WHO and UNICEF launched
the Every Newborn Action Plan (ENAP), a global roadmap
with strategic actions to end preventable newborn mortality
and stillbirth by 2035.” In 2015, the WHO published recom-
mendations on interventions to improve preterm birth
outcomes.” This recommendation focused on improving
maternal and neonatal outcomes associated with preterm
birth. Evidence for nine interventions, identified through
a scoping exercise among international stakeholders, was
synthesised into a guideline.

Gestational age determination in LMIC settings is
known to be challenging. Because of this, a proportion
of labelled preterm babies are in fact growth-restricted
term neonates. LBW babies are at increased risk of early
mortality. They need different strategies and approaches
than preterm babies. Neonates that are both preterm and
growth retarded are at even higher risk of complications
and adverse outcomes.®” In the current WHO guidelines,
fetal growth restriction is not addressed. Interventions
aimed at optimising outcomes for LBW neonates were
therefore included in this study.

This manuscript updates all existing evidence on
reduction of neonatal mortality among preterm and/or

LBW neonates in LMICs and reviews evidence on inter-
ventions that have not been previously considered in the
current WHO recommendations.

METHODS

Search strategy and selection criteria

This systematic review and meta-analysis was registered
with the PROSPERO registry for systematic reviews
(CRD42019139267), conducted according to the
Cochrane methodology,® and reporting adhered to
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.” Ethics approval
was not required for this literature research. No human
or animal participants were involved.

Randomised controlled trials (RCTs) of interventions
for preterm and LBW neonates in LMICs with reported
neonatal mortality outcomes were eligible for inclusion.
These included studies on maternal and neonatal inter-
ventions preconception, antepartum, intrapartum or
postpartum up to 28 days of life. Given the circumstances
and challenges accompanied with conducting an RCT
in a low-resource setting and the high number of pre—
post intervention studies (before-after design) in our
search results, we decided to also include this research
design in our review. Exclusion criteria were confer-
ence abstracts, reports, editorials, presentations, project
protocols, full text unavailable in English or Spanish.
We did not include reviews from high-income settings.
The rationale behind this is the fact that interventions
effective in high-income settings cannot be translated
to low-resource settings untested, and circumstances
are too different to compare results. Preterm and LBW
neonates were defined as <37.0 weeks of gestation and
birth weight <2500 g, respectively.” Mortality definitions
were according to WHO (online supplemental appendix
2)."” LMICs were defined according to the World Bank
classification."" Meta-analysis was performed for studies
reporting on the same intervention with similar mortality
outcomes.

The search was conducted by MS and MK in six elec-
tronic databases from database inception to 3 March 2020:
Pubmed/MEDLINE, The Cochrane Library, EMBASE,
POPLINE, The Global Health Library and African Jour-
nals Online. For every database, a search string was devel-
oped with the support of a librarian. Predefined search
(title/abstract), MeSH terms, text words and word vari-
ants were used to identify preterm and LBW neonates
combined with perinatal, neonatal, or infant mortality or
survival. The Cochrane Highly Sensitive Search Strategies
were used to identify randomised trials in MEDLINE® and
BMI Search Blocks' to identify LMICs. References were
manually searched for additional studies (snowballing).
Limits were only applied for the Global Health Library
(English). The full search strings are available in .

Endnote reference software (V.X9) was used to remove
duplicates both automatically and manually. Subse-
quently, MS and MK independently screened articles
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based on title and abstract using the web application
Rayyan." Studies screened in full text were exported
as pdfs to Endnote. Full-text screening was performed
by MS and checked by MK. In disagreements, JLB was
consulted and articles discussed until consensus was
reached. Authors were contacted once when full texts
were inaccessible.

Data analysis

MS and MK conducted data extraction supported by
JLB. A standardised, piloted data extraction sheet was
created with the following information: study design,
country and setting, sample size, mean gestational age,

mean birth weight, neonatal mortality outcome and
secondary outcomes. Outcome measurements were
noted as percentages and relative risk ratios (RR). The
corresponding author was emailed once when there were
incomplete data. A statistician was consulted in the case
of statistical or methodological uncertainties.

Bias was assessed using the Revised Cochrane Risk-
of-Bias tool for randomised trials (RoB 2) and the
Risk Of Bias In Non-randomised Studies of Interven-
tions (ROBINS) tool for before-after studies.'* '° As
mortality estimates are suggested to be unaffected by lack
of blinding,'® risk of bias of open-label studies was not

Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart study selection. RCT,

randomised controlled trial.
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increased solely due to unblinded participants, carers or
outcome assessors. Cluster RCTs were also assessed on
bias arising from the recruitment of individual partici-
pants after randomisation with clearly defined inclusion
criteria established prior to randomisation considered as
low risk of bias. Bias assessment was conducted by MS,
with random samples double-checked for accuracy (MK),
supported by JLB and/or an external statistician. The
evidence quality was assessed across studies according to
the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) system.'” An explanation
of the GRADE certainty ratings can be found in online
supplemental appendix 7.

Quantitative results of (neonatal) mortality rates
(NMRs) were summarised in an evidence table with
counts, frequencies including, RR with 95% CI and p
value, according to intervention. RRs of cluster RCTs
retrieved from the study results and RRs of individu-
ally randomised studies were computed using RevMan
V.5.3." For comparable interventions and outcomes, the
RRs were pooled in a meta-analysis using the random-
effects model with RevMan V.5.3."® A post hoc analysis of
studies on in-hospital mortality was performed because
of the uncertainty in outcome definition, but there was
a high likelihood that these studies predominantly incor-
porated the neonatal period in their mortality outcome
measure. Likewise, RRs with 95% CI and p value of in-hos-
pital mortality were computed using RevMan V.5.3."® RRs
of in-hospital mortality reported in the stepped-wedge
cluster RCT were retrieved from the study results.

In addition to the Cochrane methodology for
conducting a systematic review, a strengths, weaknesses,
opportunities and threats (SWOT) analysis was done
by MS with support from MK and JLB. The rationale
behind conducting a SWOT analysis was the analytical
framework it provides for the identification of internal
(strengths and weaknesses) and external factors (oppor-
tunities and threats) that influence the effect of interven-
tions and thereby translate research into practice.'"” The
SWOT analysis for each intervention was predominantly
based on the included articles.

Patient and public involvement

Due to the nature of this literature study, patients or
the public were not involved in the design, conduct,
reporting or dissemination plans of our research.

RESULTS

In total, 1058 articles were identified through database
searching after removing duplicates (figure 1). After title
and abstract screening, 190 articles were screened in full
text, of which 49 were included reporting on 39 different
interventions. Of these, 41 were (cluster) randomised
trials, 7 were before—after studies, and 1 was both
combined. Twenty-eight studies were included in the
primary analysis on neonatal mortality**’; in-hospital
mortality was reported from the other 21. This subgroup

of studies was included in a post hoc analysis.*** Nine
studies reported on five similar interventions: early BCG
vaccine, community kangaroo mother care (KMC),
topical ointment with sunflower seed oil, topical oint-
ment with Aquaphor and bubble CPAP. The results were
pooled into a meta-analysis, > #* ! 343740 45 6066

Tables 1 and 2 present an overview of study character-
istics. The included studies were published in 1989-2020
and included 46 993 participants. Studies were conducted
in 21 different countries, of which 8 were in low-income
countries, 30 were in lower middle-income countries
and 7 were in upper middle-income countries (online
supplemental appendix 7). Two studies were conducted
in multiple LMICs, including a main publication and two
subanalyses of the same study.*’ #*%% %

Thirty-nine interventions were identified in 49 arti-
cles. The interventions were related to the antenatal

period (n=2),%’*' %% % ipfection and sepsis prevention

(n=ll),23 24 26 27 31 34 35 37 38 46 48 62 64 feeding (Il=?)),25 42 67

. 298-30 40 41 4547 49 53
newborn care strategies (n = 5),%** >HE5 preven-

tion and treatment of respiratory morbidity (n =
1) S15254-61636566 1§ (ythers (n=5).52 38 445068

Different definitions of mortality were studied. Two
studies reported on the rate of stillbirths,* ** three studies
included perinatal mortality,**** two studies reported on
7-day neonatal mortality® ** and one study reported on
21-day neonatal mortality.”> Twenty-five studies included
mortality at 28 days of postnatal age.” ****” Twenty studies
reported in-hospital mortality and death at 36 weeks and
one study recorded the gestational age from the last
menstrual period.**"

Table 3 presents an overview of the quantitative results
including studies’ quality of evidence assessing neonatal
mortality, table 4 presents in-hospital mortality, and
figure 2 presents meta-analyses (online supplemental
appendix 10). Figures 3 and 4 show a visual overview
of interventions, study characteristics and quality of
evidence. Interventions showing results with high or
moderate certainty evidence are narratively discussed in
detail. Studies yielding (very) low-quality results are not
discussed in detail. figures 3 and 4

Neonatal mortality and in-hospital mortality results are
described separately. Studies of high, moderate and low
quality are highlighted under different subheadings.

Neonatal mortality
High quality
Thirteen studies were considered of high quality. They
evaluated antenatal corticosteroids treatment, skin
cleansing with chlorhexidine, early BCG, community
KMC, home-based newborn care and training birth
attendants, 20 22 24 27-31 36 30 40 45 46

Antenatal corticosteroids (ACS) treatment for pregnant
women at 24°7-35%7 weeks of gestation versus standard
care was studied in six MICs.*” No significant differences
were found in stillbirth, perinatal mortality or 7-day NMR
rates. The 28-day NMR varied among the six different
study sites. Two subanalyses reported 28-day NMR for
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Early BCG Late BCG Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aaby, 2011 27 1168 48 1152 403% 0.55[0.35, 0.88] —
Bieting, Sorensen 2017 44 2058 62 2061 59.7% 0.71 [0.49, 1.04] ——
Total (95% CI) 3227 3213 100.0% 0.64 [0.48, 0.86] ’
Total events 71 110

i 2 - ChiE= - - CR= t t t t
Heterogeneity: Tau®= 0.00; Chi*= 0.65, df=1 (P=0.42); F=0% o' 07 15 )

Test for overall effect: Z= 2.94 (P = 0.003)

Favours eafly BCG Favows. late BCG

Meta-analysis addressing the effect of early versus late BCG on 28-day neonatal mortality among LBW

neonates.
Odds Ratio Odds Ratio
Study or Subgroup _log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Mazumder, 2018 -0.349 01591 836% 0.71[0.52, 0.95]
Sloan, 2008 -0.1393 03596 16.4% 0.87 [0.43,1.76]
Total (95% CI) 100.0% 0.73 [0.55, 0.97] e -
Heterogeneity: Tau®= 0.00; Chi*= 0.28, df=1 (P = 0.59), F= 0% 045 + 115 é

Test for overall effect Z= 216 (P =0.03)

Favours commﬁnity' KMC Favours standard care

Meta-analysis addressing the effect of community KMC versus standard home-based care on 28-day neonatal

mortality among LBW neonates.

Bubble CPAP  Flowiventilator CPAP Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Mazmanyan, 2016 3 BB i 59 24.2% 2.68[0.29, 25.08]
Tagare, 2013 4 57 5 57 75.8% 0.80[0.23, 2.83) ——
Total (95% CI) 123 116 100.0% 1.07 [0.36, 3.22]
Total events 7 4
Heterogeneity: Tau®= 0.00; Chi*= 0.86, df=1 (P = 0.35); F= 0% 005 02 i : 20

Testfor overall effect: Z= 012 (P=0.90)

Favours Bubble CPAP  Favours F/V CPAP

Meta-analysis addressing the effect of Bubble CPAP versus conventional CPAP on mortality during hospital stay

among preterm neonates.

§50 Standard skin care Risk Ratio Risk Ratio
Study or Subgroup  Events Total  Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Darmstadt, 2004 12 51 18 52  B.4% 0.68 [0.37, 1.26]
Darmstadt, 2008 108 159 128 181 93.6% 0.93 [0.81,1.08]
Total (95% CI) 210 233 100.0% 0.92 [0.78, 1.07]
Total events il 146

Heterogeneity: Tau®= 0.00; Chi*=1.03, df=1 {P=0.31); F= 3%
Testfor overall effect Z=1.10 (P=0.27)

05 07 1 15 2
Favours 30 Favours standard care

Meta-analysis addressing the effect of topical ointment therapy with Sunflower Seed Oil versus standard skin
care on 28-day neonatal mortality among preterm neonates.

Aquaphor Standard skin care Risk Ratio Risk Ratio
Study or Subgroup _ Events Total __Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Darmstat, 2008 85 1a7 128 181 61.4% 0.77 [0.64, 0.91] E 3
Erdermir, 2015 10100 4 97 38.6% 2.42[0.79,7.47] -
Total (95% CI) 257 278 100.0% 1.19[0.38, 3.71]
Total events 95 132
Heterogeneity: Tau?= 0.54; Chi*= 419, df= 1 (P = 0.04); F= 76% - g 3 ¥ —

Testfor overall effect Z= 0.31 (P = 0.76)

Favours Aquaphor Favours standard care

Meta-analysis addressing the effect of topical ointment therapy with Aquaphor versus standard skin care on
28-day and 21-day neonatal mortality among preterm neonates.

Figure 2 Forest plots. BCG, bacille calmette-guérin; CPAP, continuous positive airway pressure; KMC, kangaroo mother care;

LBW, low birth weight.

their individual study sites. Significant reductions in
28-day NMR among <bth percentile births were only
observed in Guatemala and Pakistan study sites.* *’

Skin  cleansing with chlorhexidine versus placebo was
studied in rural Nepal. Significantly reduced NMR
was recorded among LBW neonates (RR 0.72; 95% CI
0.55-0.95).%° Likewise, single cord cleansing with chlorhex-
idine versus standard care led to significantly reduced
NMR among preterm neonates (0.65; 0.50-0.86) in rural
Bangladesh.”’

Two studies assessed the effect of early versus late BCG
vaccination among LBW neonates in urban districts

of Guinea-Bissau consecutively. Both studies showed a
significant reduction in NMR (0.55; 0.35-0.88) (0.71;
0.49-1.04) 243!

Community KMC versus standard home-based care was
studied among LBW neonates. In rural and semiurban
areas of India, a significant reduction in 28-day NMR was
reported (0.71; 0.52-0.96).* Similarly, in rural Bangla-
desh 28-day NMR decreased significantly among LBW
neonates weighing <2000 g (OR 0.37; 0.16-0.86). The
same study did not find a significant difference in 28-day
NMR among neonates weighing <2500 ¢ (OR 0.87;
0.43-1.74).* A before-after study of home-based newborn

20 Kleinhout MY, et al. BMJ Global Health 2021;6:6003618. doi:10.1136/bmjgh-2020-003618
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l:‘ High quality
Moderate quality
(Very) low quality

Figure 3 Summary of main findings. BCG; bacille calmette-guérin; DHM, donor human milk; KMC, kangaroo mother care;

NICU, neonatal intensive care unit

carein rural India showed a significant reduction in NMR
among LBW neonates (0.42; 0.27-0.65) and preterm
neonates (0.25; 0.14—0.48) .2

Essential newborn care (ENC) training and neonatal resus-
citation programme (NRP) were delivered to birth atten-
dants in six MICs. No significant differences in perinatal
(ENC: 1.02; 0.91-1.14/NRP: 0.95; 0.84-1.07) and 7-day
NMR (ENC: 1.03; 0.83-1.27/NRP: 0.92; 0.77-1.09) were

observed.??

Meta-analysis
Pooled estimates of two studies assessing the effects of
early versus late BCG vaccination among LBW neonates

2500

2250 Pulse oximefry

2000
- - - Ful 02 system
1750

1500

Bubble

in urban districts of Guinea-Bissau showed a significant
reduction in NMR (0.64; 0.48-0.86).%*°!

The pooled mortality estimates of community KMC
showed a significantly lower 28-day NMR in the interven-
tion group (OR 0.73; 0.55-0.97).*"%

Moderate quality
Four studies on neonatal mortality were considered of
moderate quality. These studies assessed the effect of a
quality improvement intervention introduction in the
obstetric department and neonatal intensive care unit
(NICU), heated mattress, Erophylactic fluconazole, and
early KMC on NMR.,* 8 44

|:| High quality

Moderate quality
N

@ (Very) low quality

Polythene tobacco wrap

-* Maternal nursing.

Oral paracetamol for PDA closure CPAP High flow nasal cannula .
1250
X ool o - 3-hour feeding
* - Oral vitamin'A; o S Bubble CPAP schedule o)
_Nasal-jet CPAP Synbiotics
1000
:: b 3"a Prophylactic
_ Volume guaranteed - Poractant-| methylxanthines
5 20 750 | LisAmethod NS "
8 Probiotics
£ =
s c
E k=S . Recombinant
g s Binasal prong CPAP. human granulocyte Goat lungsurfactant
= = colony stimulating N N
8 = factor

antepartum birth postpartum

In-hospital mortality of various durations

Figure 4 Summary of findings post hoc analysis. CPAP, continuous positive airway pressure; PDA, patent ductus arteriosus.
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Skin and cord
cleansing with chlorhexidine

Community kangaroo
mother care

Home based newborn care Early BCG vaccination

RECOMMENDATIONS

Birth and death
registration

Learning
health system

Figure 5 infographic. This infographic tells the story of a health professional in a low-resource setting. She explains to
her patient, a woman in her early pregnancy, that there is an increased risk of neonatal mortality in case her newborn is
born preterm or growth-restricted. She shows a set of evidence-based interventions and recommendations she is about to
implement to reduce this risk, strengthen newborn health care, and ultimately reduce under-five mortality (SDG 3.2).

The multilevel quality improvement intervention imple-
mented protocols for the infrastructure, equipment and
daily clinical routine at the NICU and obstetric depart-
ment of a large public hospital in Mozambique. This
resulted in a significant decline of NMR in premature
neonates (0.77; 0.66-0.90).%

Heated, water-filled mattresses were evaluated in a study by
Sarman et alto prevent hypothermia among LBW neonates
at a neonatal care unit in Turkey. Neonatal mortality rate

did not change significantly in comparison with air heated
incubators (21.4% vs 34.4%; 0.62; 0.26-1.47).**

Prophylactic  fluconazole versus placebo in very LBW
neonates was studied at a NICU in India. No signifi-
cant difference in neonatal mortality rate was observed
(18.4% vs 32.4%; RR 0.57, 95% CI 0.25-1.28).%

Early KMC versus conventional care in LBW neonates
was implemented by Worku et al in a tertiary hospital in
Ethiopia. The neonatal mortality rate showed a trend

22 Kleinhout MY, et al. BMJ Global Health 2021;6:€003618. doi:10.1136/bmjgh-2020-003618
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towards a significant decline (22.5% vs 38%; 0.57;
0.33-1.00)."

Low or very low quality

Eight studies reported low-quality or very low-quality
results. Corresponding studies addressed the effect of
maintenance tocolysis, feeding supplements, and delayed
cord clamping, all versus standard care or placebo.*' *°# 37
The same applies to fortified versus unfortified pasteur-
ised donor human milk, hybrid milk versus mother’s
milk alone, and sunflower seed oil and Aquaphor versus
standard care,* * 3% 42

Meta-analysis

The meta-analyses of topical ointment with sunflower seed
oil versus standard care (0.92; 0.78-1.07) and Aquaphor
versus standard care (1.19; 0.38-3.71) showed high heter-
ogeneity and no significant differences in NMR.* **%

Post hoc analysis of in-hospital mortality

First, eight studies of moderate quality are described,
assessing nasaljet versus bubble CPAP, less-invasive
surfactant administration (LISA) versus conventional
intubation surfactant administration and extubation
(INSURE), surfactant agents of porcine, bovine and
caprine origin, vitamin A, introducing pulse oximetry,
full oxygen system, maternal nursing and a stepdown
unit involving maternal nursing.” >’ Studies with low-
quality evidence are briefly mentioned.

Moderate quality

Bhatti et al studied nasal-jet CPAP versus bubble CPAP in
neonates with gestational age <34 weeks at two NICUs in
India. No significant effect on in-hospital mortality was
observed (25% vs 18%; 1.41; 0.78-2.52).*

Two different surfactant agents of porcine and bovine
origin for preterm neonates with IRDS were introduced
by Gharehbaghi et al (poractant alfa vs beractant: 26.6%
vs 21.1%; 1.26; 0.70-2.25) and Jain et al (goat lung surfac-
tant extract vs beractant: 40.4% vs 30.4%; 1.33; 0.77-2.30)
at NICUs in Iran and India. No significant difference in
mortality rate was reported.”* > LISA, studied versus the
INSURE method, did not affect mortality rate among
preterm neonates at a neonatal unit in Pakistan (38% vs
56%:; 0.68; 0.44-1.04).%°

Basu et al administered oral vitamin A versus placebo to
VLBW neonates at a NICU in India which did not result
in a significant different mortality rate (9.2% vs 16.3%;
0.56; 0.26-1.21).%

Two oxygen systems were studied in a before-after
study by Graham et alin 12 hospitals in Nigeria. Introduc-
tion of pulse oximetry to improve oxygen practices did not
show a significant difference in mortality among LBW
and preterm neonates (13.4% vs 17.4%; OR 1.12; 0.56—
2.26). Likewise, introduction of a multifaceted, full oxygen
system, did not alter the mortality significantly (19.5% vs
17.4%; 0.99; 0.61-1.59).%°

LBW neonates weighing 1000-2000 g on admission
were randomised to maternal nursing care or conventional

nursing care at a neonatal ward in Pakistan. A signifi-
cantly declined mortality rate until hospital discharge
was observed in the maternal nursing group (28.5% vs
66.8%:; 0.43; 0.33-0.56)."

In a before—after study, Bhutta et al introduced a step-
down unit at a neonatal ward in Pakistan. The unit had a
nursing ratio of 1:5 compared with 1:3 at the conventional
ward. Co-bedding was established, number of visitors was
minimalised and mothers were involved in regular moni-
toring of vital signs and temperature. A significant lower
mortality rate was observed after the unit was created
(17.3% vs 33%; 0.52; 0.38-0.72).%

Low or very low quality

Thirteen studies reported low or very low quality results
of in-hospital mortality following different interventions.
Among these, six interventions were compared with
standard care or placebo: a 3-hour feeding schedule,
probiotics and synbiotics, granulocyte stimulating agent,
volume guaranteed ventilation and polythene tobacco
wrap.48 5862 646768 ther interventions with (very) low
quality results studied high-flow nasal cannula versus
nasal CPAP, binasal prong versus nasal mask for applying
CPAP, aminophylline versus caffeine for extubation
failure, oral paracetamol versus ibuprofen for patent
ductus arteriosus (PDA) closure, introduction of bubble
CPAP, and bubble versus conventional CPAP,5059-6163 6566

Risk of bias

Tables 7-9 (online supplemental appendix) show the
risk of bias assessment of individual studies. Overall, the
risk of bias in randomised studies was considered ‘some
concerns’ in 30 studies and ‘high risk’ in 13. Only one
study scored low risk for all domains.*” Most studies failed
to report on the use of a prespecified analysis plan in the
methods section. The studies generally performed well
in terms of outcome measurement (96% low risk) and
missing outcome data (88% low risk). Several studies
displayed a moderate or high risk of bias in the rando-
misation process (44%) and deviations from intended
interventions (74%). The bias risk in before—after studies
varied from low to critical risk, particularly due to the risk
of confounders and selection bias,** #¥7%07253 63

Quality of evidence

The GRADE evidence profiles are provided in tables 5
and 6 of the online supplemental appendix. The summa-
rised results are listed in tables 3 and 4 of the manuscript.

SWOT analysis
Table 10 (online supplemental appendix) provides
SWOT analysis.*~"

The strengths of the interventions addressed in this
study generally pertain to their accessibility, acceptability,
applicability, affordability and scale-up ability without
disrupting mother—infant bonding.

The weaknesses of the interventions are the require-
ments of the minimal clinical infrastructure, for example,
gestational age determination, adequate neonatal care,
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skills retainment or adequate follow-up system to eval-
uate long-term effects.

Opportunities are conducting implementation studies
to determine the most effective strategy, subsequent
implementation and scale-up of interventions including
smooth embedding in the existing (inter)national guide-
lines. Many interventions such as chlorhexidine are
widely available, listed as essential drugs or already cultur-
ally accepted.

Barriers to implementation generally pertain to
limited availability of equipment, resources or skilled
health personnel, cultural or traditional unacceptability,
dysfunctional safety measures and limited access to
tertiary health centres/NICUs.

DISCUSSION

This systematic review summarises the evidence on 38
interventions evaluated in 49 studies among 46993
participants across 21 LMICs. The 12 studies with high
quality of evidence showed lower neonatal mortality
rates among preterm and LBW neonates with the use of
skin and cord cleansing with chlorhexidine, early BCG
vaccination, community KMC and home-based newborn
care 2 7P 04540 The effects on NMR of antenatal corti-
costeroids varied. No effects on mortality rates were
observed among VLBW neonates following training of
birth attendants in neonatal resuscitation and essential
newborn care.” ***°* Remaining studies showed signif-
icant shortcomings in quality and diverse impacts on
mortality rates.

In 2015, the WHO published recommendations on
interventions to improve preterm birth outcomes.* This
WHO report was based on priority questions formulated
by experts in the field of maternal and neonatal care.
These questions resulted in eleven PICO’s (Patient, Inter-
vention, Control, Outcome), addressing nine different
antenatal, perinatal and postnatal interventions. The
available evidence concerning the selected interventions
was reviewed and synthesised into a guideline, focusing
on maternal and neonatal mortality and morbidity
outcomes related to preterm birth.

In our study, we reviewed all existing evidence on
interventions to reduce, specifically, neonatal mortality
among preterm and/or LBW neonates. We did not focus
on a preliminary selection of interventions, and included
preterm and growth-restricted neonates. We were there-
fore able to identify a larger number of interventions,
among which some were not previously considered in the
WHO guideline.

The 2015 WHO guideline recommends antenatal
corticosteroid therapy for women at risk of preterm birth
at 24”7-34"7 weeks of gestation. In the ACT trial, corti-
costeroids increased neonatal mortality among the inter-
vention group.”” Absence of effect in the intervention
group could be due to the outcome definition with birth
weight <5bth percentile as a proxy for preterm birth. As
such, the intervention group may have partially consisted

of growth-restricted and near-term neonates for whom
corticosteroids are not recommended. The Guatemalan
and (to a lesser extent) Pakistan sites showed a signifi-
cant reduction in NMR among <bth percentile neonates,
which might be attributed to the higher level of care and
greater ACS use.”® These controversial findings empha-
sise the need to implement the use of antenatal cortico-
steroids solely in areas where gestational age dating and
adequate maternal and newborn care can be guaranteed.
Effectuation should be dependent on these conditions,
and results carefully monitored. This is supported by
the recently published WHO Antenatal Dexametha-
sone for Early Preterm Birth in Low-Resource Countries
(ACTION) trial that showed a positive effect of antenatal
dexamethasone treatment on stillbirth and neonatal
mortality in early preterm neonates in secondary and
tertiary hospitals in India, Pakistan, Kenya, Nigeria and
Bangladesh (NMR: 19.6% vs 23.5%; RR 0.84 (0.72-0.97) |
stillbirth or NMR: 25.7% vs 29.2%; RR 0.88 (0.78-0.99)."

KMC is strongly recommended for newborns of birth
weight <2000 g in the WHO guideline and the 2016
Cochrane review.* * Likewise, the ENAP states that by
2025 >75% of stable preterm newborns or babies <2000
g should receive KMC.” Our meta-analysis on community
KMC shows a reduced neonatal mortality for all LBW
neonates (ie, <2500 g) at the community level (high
certainty of evidence).

In view of the large number of neonatal deaths caused
by infant respiratory distress syndrome, CPAP therapy
is strongly recommended by the WHO despite the low-
quality evidence in LMICs.* Thukral et al expressed the
urgent need for high-quality studies on CPAP therapy
among LMICs.*" The results of the studies included in
our review addressing different CPAP devices are in line
with these studies. Our SWOT analysis identifies bubble
CPAP as the most costeffective, easy-to-use and safe
device in settings with trained staff but limited resources.

We found high-quality evidence based on two commu-
nity trials for reducing the NMR among premature and
LBW neonates after skin and cord chlorhexidine applica-
tion. This finding aligns with the Cochrane review of term
or late preterm neonates >2500 g, suggesting reduced
neonatal mortality in the community setting.* Likewise,
the WHO recommends daily chlorhexidine application
for home births in settings with high neonatal mortality.*”
Based on our findings, the WHO could consider to extend
this recommendation to LBW and preterm neonates.

The strengths of this review are the comprehensive-
ness reflected in the large number of interventions and
included participants, the SWOT analysis and meta-
analysis where appropriate. Several limitations must
be considered in the interpretation of findings. First,
the inherent limitation linked to the overall moderate-
to-low quality of included studies, not always powered for
neonatal mortality endpoints or within the same time-
frame. This may be explained by the resource constric-
tions of many healthcare settings in LMICs but also
underlines the urgency of strengthening the research
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infrastructure to answer urgent clinical questions in
real-life contexts using optimal scientific approaches.
Second, publication bias may be present because studies
performed in low-resource settings may go unpublished
and unindexed by international journals or databases.
This could partly explain the scarcity of studies from low-
income countries. The scarcity of studies is also repre-
sented in the meta-analysis, which is limited in quality due
to the few number of studies included. Third, our SWOT
analysis was primarily based on study author-reported
characteristics of interventions, which may lead to under-
reporting of weaknesses and barriers to implementation.
Relatively few studies that address antenatal interven-
tions to prevent preterm birth could be included. These
studies’ outcomes usually focus on incidence of prema-
turity rather than perinatal mortality, while this can be
included relatively easily in future study reports. Similarly,
presentation of mortality disaggregated by prematurity
and/or LBW incidence or availability of study datasets®*
would allow more interventions to be evaluated in future
(individual participant data) systematic reviews.

CONCLUSION

Given the global commitment to end preventable deaths
of newborns and children less than 5 years old in SDG
3.2, ongoing preventable mortality among preterm and
LBW neonates needs urgent attention. This manuscript
provides sufficient high-quality evidence to consider
implementation of additional low-cost, high-benefit inter-
ventions in current guidelines; cord and skin cleansing
with chlorhexidine, community KMC for LBW neonates,
home-based newborn care and early BCG vaccination
for LBW neonates. These interventions are accessible,
acceptable, applicable and affordable.

These practices are currently not recommended in
most countries. Given the circumstances and possibilities
in research in LMICs, evidence is sufficient although not
high in quantity (in relation to the quantity and quality
of data from high-income countries related to this topic)
to discourage current underutilisation of health prac-
tices and opportunities and consider to update present
guidelines.

We highlight the importance of accurately imbedding
or optimal usage of maternal and newborn healthcare
practices such as gestational age dating and birth and
death registration in order to benefit from and investi-
gate any intervention. Antenatal corticosteroid treat-
ment should be implemented if adequate gestational age
dating is available and adequate maternal and neonatal
care is provided.

There is an urgent need for high-quality evidence to
guide clinical and public health practice in LMICs. These
should focus on strategies to preventand manage common
complications in preterm and LBW neonates." Beyond
classic RCTs, relatively novel scientific approaches such
as stepped-wedge RCTs,*  implementation-evaluation
studies and learning health system research based on

routinely collected (electronic) patient data should be
considered.

An infographic that summarizes the main outcomes
and recommendations of this study is provided in figure 5.
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