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Introduction: The high neonatal mortality rate in low- and middle-income
countries (LMICs) such as Nigeria has lasted for more than 30 years to date with
associated nursing fatigue. Despite prominent hard work, technological
improvements, and many publications released from the country since 1990, the
problem has persisted, perhaps due to a lack of intervention scale-up. Could
there be neglected discoveries unwittingly abandoned by Nigerian policymakers
over the years, perhaps locked up in previous publications? A careful review may
reveal these insights to alert policymakers, inspire researchers, and refocus
in-country research efforts towards impactful directions for improving neonatal
survival rates. The focus was to determine the prevailed effectiveness of LMIC
medical academia in creating solutions to end the high neonatal mortality rate.
Methods: An unconventional systematic review protocol structure following the
PRISMA 2020 checklist was designed and registered at INPLASY (registration
number: INPLASY202380096, doi: 10.37766/inplasy2023.8.0096). A jury of
paediatricians was assembled and observed by a team of legal professionals.
The jury searched the literature from 1990 to the end of 2022, extracted
newborn-related articles about Nigeria, and assessed and debated them
against expected criteria for solution creation, translation, scale-up,
sustainability, and national coverage. Each juror used preset criteria to produce
a verdict on the possibility of a published novel idea being a potential game-
changer for improving the survival rate of Nigerian neonates.

Results: A summation of the results showed that 19 out of 4,286 publications were
assessed to possess potential strategies or interventions to reduce neonatal
mortality. Fourteen were fully developed but not appropriately scaled up across
the country, hence denying neonates proper access to these interventions.
Conclusion: Nigeria may already have the required game-changing ideas to
strategically scale up across the nation to accelerate neonatal survival.
Therefore, LMIC healthcare systems may have to look inward to strengthen
what they already possess.
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Introduction

Medical academia in low- and middle-income countries
(LMICs) possess the advantage of a better knowledge of the
their These

challenges could be sociocultural, infrastructural, and political

challenges that affect healthcare in settings.
factors that could easily be hidden from international agencies
that support policy implementations in their

Therefore, the duties of LMIC medical academia,
conducting research and creating solutions for local scientific

countries.
such as

needs, must never be neglected, irrespective of the volume of
imported ideas into their countries. A lack of an active forefront
role for LMIC academia could be a major limiting factor in
creating sustainable solutions to reduce neonatal mortality rates
(NMRs) in LMICs.

Since the 1990s, there have been concerted efforts in LMICs,
such as Nigeria, to seek and implement pathways for reducing
NMR. Generations of hardworking Nigerian academics have used
whatever was available to them to make improvements. However,
recent demographic reports—especially following the verdicts of
Millennium Development Goal 4 (MDG4)—still suggest that
NMR
reduction. With an estimated population of 223 million people,

Nigeria has made no significant progress towards
Nigeria experiences a daily newborn death rate of 846 (1)—the
highest in the world. It is widely agreed that many Nigerian
neonates still die of preventable causes, with neonatal
interventions still largely reserved for the few in major cities
where most hospitals with neonatal care units are located (2).
Neonates remain the most vulnerable population with limited
advocacy for their right to life and access to potential game-
changing applications for “neonatal death prevention” in the
Nigerian context. The continuing failure of the Nigerian system
to protect neonates seems to have become a norm, a huge source
of nursing fatigue, and an unwelcome situation for which no one
is held accountable. However, it is yet to be understood whether
the lack of decisive solutions for this neonatal failure is due to a
lack of understanding, poor research techniques, or academic
weakness on the part of the Nigerian medical academia, whose
duty it is to synthesise the required solutions, or whether the
fault lies in the failures of the Federal Ministry of Health
(FMOH) of Nigeria to support and inspire indigenous medical
research. It is necessary to assess what mitigants the medical
academics have provided—has the research strategy towards
under-five (U5) mortality reduction been wrong, or the academia
been misfiring at the wrong target? Has the medical academia
been poor in tactics, neglecting to target the most vulnerable
aspects of the U5 lifespan, where it mattered most? Have donor/
funding agencies and the FMOH been funding/supporting the
wrong research  collaborations,

leading to 30years of
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“insignificant progress”? The questions about this failure and the
probable restoration of neonatal hope may only be achieved by
identifying the wrong steps of the custodians of Nigeria’s
neonatal health and proffering suggestions that could reposition
the drive for effectively eliminating preventable neonatal deaths
in Nigeria. The Nigerian neonate may have been treated unfairly,
and there is an urgent need to test the case of the “Nigerian
neonate (plaintiff) vs. Nigerian medical academia (defendants)
along with FMOH and their leadership appointees at the tertiary
hospitals” to verify why academic efforts have not done enough
to significantly lower the neonatal mortality rate since the 1990s
(3). Nigeria, in this context, is an example case study, as similar
situations are faced by many other LMICs who are currently
struggling to reduce the high mortality and morbidity rates.

What is already known

Clue A: Various publications by the World Health
Organization (WHO) and United Nations Children’s Fund
(UNICEF) during the last 10 years of the UN’s MDG4 indicated
that nearly 50% of under-5years mortality in Nigeria were
neonatal deaths (4), which highlighted the neonatal age as the
most devastated population group to focus on to achieve a
reduction in under-5 mortality (4, 5). Clue B: Within the first 28
days of neonatal life, the literature identifies the first 7 days
(F7D) as the period during which four out of five neonatal
mortalities in Nigeria occur (5, 6). Hence, there might be no
interventions that could significantly reduce neonatal mortality
without, first, successfully addressing and eliminating preventable
deaths during F7D. Clue C: The literature further identified that
perinatal asphyxia, infection, and prematurity were collectively
responsible for nearly 83% of the neonatal deaths in Nigeria (7).
However, prematurity was an important risk factor, with 75%-
80% of these neonatal deaths occurring among preterm and low-
birth-weight neonates, irrespective of the dominant cause of
death (8). These three clues are diagrammatically demonstrated
in Figure 1, clearly showing that the weakest points with the
higher concentration of deaths in the U5 lifespan are fully
identifiable—here referred to as the “sinkhole” (in red). This
suggests that the target for any game change should be solving
the sinkhole inadequacies of the F7D period. The sinkhole
casualties are widened by the high incidence rate of “intrauterine
growth-retarded” neonates, resulting in abnormally low birth
weight for gestational age. In addition, sinkhole casualties are
more prevalent in rural poorer communities (9). Hence, targeted
low-cost applications for treating such tiny neonates are required
to be developed to prevent a high death rate. Deaths at sinkhole
points, which are common in many LMICs, could be prevented
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by providing temperature stability, respiratory support, and
treatments for infections, neonatal jaundice, and hypoglycaemia
(10). However, most conventional technologies for achieving
these tasks are designed for high-income countries (HICs) and
are either unaffordable or unsuitable in LMIC settings (10). It is
expected that LMIC-specific solutions must have been researched
over the years by the LMIC academia, targeting these sinkholes
to consequently pave the way for a drastic reduction in U5
mortality. However, if such deliberate efforts have not been
actualised, this may hold answers for Nigeria’s never-ending high
NMR, for which there is a need to identify the liable wrongdoers
and proffer recommendations for effective neonatal care strategies.

We seek to verify whether this is a case of academia’s
misjudgement of the real targets—challenges of the sinkhole
casualties during the F7D period—which ought to have been
discovered and rendered impotent. Therefore, the objectives of
this investigation were to (1) systematically search the literature
and ascertain if there had been substantial Nigerian studies that
proffered some viable solutions specifically targeting preterm
neonates in the F7D of life, whether Nigeria captured such
messages and ideas, and perhaps, why such ideas were not scaled
up; and (2) promote a mixed methods approach designed to
evaluate game-changing technologies or solutions targeting the
most vulnerable neonates at age F7D.

Materials and methods

A systematic review protocol structure following the PRISMA
2020 checklist was designed and registered at INPLASY
INPLASY202380096, doi: 10.37766/
inplasy2023.8.0096) as a standard for this investigation. Hence,

(registration number:
the unconventional jury panel technique was deployed to
investigate why Nigerian neonates still die in huge numbers. At
conceptualisation, the inquest was themed “The Case of the
Nigerian Neonate vs. The Nigerian Medical Academia (NMA) &
Ors” within the jurisdiction of the Nigerian intelligentsia, made
up of young Nigerian paediatricians. The Nigerian neonate was
identified as the ultimate victim of the 32 years in question, but
the intelligentsia was to determine who was at fault for this. The
main perpetrator could be the NMA, but other influencing
bodies were to be investigated as well—such as the FMOH,
hospital management, WHO, and UNICEEF, as these are alleged
wrongdoers who may have wittingly or unwittingly contributed
to the plight of the Nigerian neonate by failing to warn the
FMOH against their wrong directions and strategies. If found
liable, the intelligentsia would determine to what extent each
party is responsible.

In a typical jury setting, a set number of randomly picked
citizens (jurors) are selected to assist in deciding a case. The
presiding judge—chief arbiter—explains the case to the jurors,
provides evidence and clues, guides them, and specifies the
dilemmas of the case that the jurors would investigate as a team
using the provided evidence. It is the duty of the judge to ensure
that the jurors understand the case being tried and what
constitutes an offence; hence, the judge could summon the jurors
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for briefing until there is a conviction that the jurors have
understood the essentials of the wrongdoing. The judge may
extend deliberation to enable the jury to reach the required
unanimity or supermajority in their verdict to avoid a deadlock.
The jurors would discuss, argue, and vote on the case to return a
“liable” or “not liable” verdict. Inspired by the jury system in the
present inquest, four passionate young Nigerian paediatricians
were recruited to form the jury panel as jurors. A benchmark of
experience requirements was set as a guide for the recruitment of
the jurors, which, amongst others, included the following criteria:
(1) must have >5 and <15 years of post-qualification experience
as a doctor, (2) must have continuously practiced in neonatology
for a minimum of 3 years within this period, (3) must be a
qualified consultant, or in the part-2 (final) stage of consultant
qualification training, or >5 years working as a senior medical
officer in newborn care, and (4) must have achieved research co-
authorship in >3 published journal articles. A relatively more
senior and well-experienced researcher served as the arbiter,
assisted by another senior researcher who chaired the hearing
sessions during discussions of issues of conflicting interest with
the primary arbiter. A guest arbiter, a senior nursing fellow, was
recruited to stand in during the unlikely event of the absence of
the assistant arbiter in any session. The arbiters were chosen
from a wider medical spectrum of highly experienced scientific
researchers with >10 years of research leadership experience,
holding ranks from associate to full professors, or senior
professional qualifications such as “RN” with over 15 years of
experience. The third group in the setup was the observers. This
group comprised two practicing lawyers of judicial competence
who were able to attend the jury sittings to observe the fairness
of the debates and decisions.

Considerations of conflicts of interest

As a necessity, all the constituent parties in the investigation

panel—arbiters, jurors (paediatricians), and observers—were
screened to minimise the possibilities of conflicts of interest. All
confirmed the independence of their opinions and declared their
ability to maintain unbiased opinions. The arbiters interviewed
and selected the jurors from early-career practicing paediatricians
in Nigeria, who do not have any baggage of personal guilt

towards the neonatal failure on trial.

Systematic review

A possibility might exist where previous publications have
provided answers to the current neonatal dilemmas but have
been swallowed up in piles of unutilised findings in the last
32 years. It would be unfair to assume that the hardworking
Nigeria academia and research community did not provide
answers. Typically, a systematic review meticulously delivers a
summary of all available primary research relating to a specific
research question. Therefore, the systematic review technique,
albeit modified, was used to carefully assess the existing literature

frontiersin.org
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for the country and provide unbiased recommendations for the
LMIC context.

Search strategy

In our modified adjudication panel style, the literature was
assessed on titles addressing Nigerian U5, infant, and neonatal
mortality and morbidity from 1990 to 2022. The local research
efficiency of NMA was investigated, essentially for the challenges
during the F7D period of neonatal life. Therefore, the search
specifically looked for studies highlighting new solutions to
existing Nigerian problems—research conducted within Nigeria,
rather than global initiatives. The arbiters scoped the literature

»

on titles that addressed “Nigeria and under-five,” “Nigeria and
infant or infants,” and “Nigeria and neonate or neonates” from
1990 across three Internet search engines—PubMed, Google

Scholar, and the Web of Science.

Inclusion and exclusion criteria

Old and recent publications about novel U5 devices, improved
protocols, and modified procedures aimed at improving outcomes,
which could have been capable of national scale-up across Nigeria,
were identified. All the extracted titles and abstracts of these
publications were imported into Rayyan Systematic Review
software (11). In brief, Rayyan is an Internet-based systematic
review platform that enables team members of a study to
independently access the same workspace to assess, exclude, or
include extracted titles. In Rayyan, the team leader uploads all
publications for assessment and turns-on a “blindfold” key to
ensure that each team member conducts their assessments
privately without seeing others decisions until every member has
finished their review. The leader schedules an online meeting for
assessment reconciliation when the “blindfold” key is turned off
to reveal how the team members judged the publications and to
possibly debate “conflicting” judgements, which are those
publications that failed unanimous “inclusion” or “exclusion” by
all team members. We designed six stages of the rigorous
technique to eliminate non-qualifying articles per stage (Figure 2).
A fresh Rayyan environment was initiated and blinded for the
jurors’ independent assessments and judgements in each stage.
Article rejection criteria for the stages were the following:

(1) non-paediatrics publications;

(2) not strictly related to U5 patients or research;

(3) not neonate-specific, not Nigeria-specific, not published by
academics in Nigeria, or anchored by a Nigerian researcher
for cases of authorship involving non-Nigerians;

(4) not primarily about new or modified devices, improvement
protocols, or procedures for better outcomes—jurors were
required to choose the reasons for exclusion from a
dropdown menu;

(5) final elimination stage—the portable document format (PDF)
of accepted publications were uploaded to the Rayyan stage 5
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portal to aid full understanding of its contents and to re-assess
paper’s eligibility as strictly “novel” or “modified”—“novel”
refers to previously non-existent devices for solving existing
problems, while “modified” pertains to existing techniques
systematically improved for better outcomes.

The “included” publications were re-grouped based on topical
issues they addressed.

(6) Jurors extracted information relating to the technique’s
subsequent success rate, national coverage, oOr impacts,
awarding assessment scores, as given in Table 1. Jurors
carried out this function through independent wider
literature search and direct contact and interviews with
available co-authors of the technique.

Impacts and outcomes assessed

Jurors were to take notice of the beneficiary population—
whether the technology was used in one facility or across
multiple centres, spanning one or more climatic regions
(southern, middlebelt, and northern), and whether its usage
extended across one or more of the states of Nigeria. The success
rate of a technology was evaluated based on its effectiveness in
addressing the weakest point of the neonatal life spectrum—the
of 600-900 g
during the F7D period (Figure 1). Scores were graded as follows:

sinkhole region—represented by birthweights

0-2 for no impacts, 3-6 for low impacts, and 7-10 for high
impacts. The measurement criterion was strictly based on
published, referenceable data demonstrating successful treatment
outcomes for a fraction of n >9 “sinkhole neonates” or
referenceable quantitative data from any of the Nigerian tertiary
hospitals. Sinkhole neonates were adjudged “successful” with the
applied piece of technology or life-support protocol if the
application was proven to have delivered the expected positive
outcome towards neonates’ eventual survival. The nationwide
usage score was determined as the fraction of the total referral
special care baby units (SCBUs) in Nigeria adopting the
technology. Assuming an average of two tertiary SCBUs per
Nigerian state, full nationwide coverage was assumed at 74.

Jury sittings

The jurors, the arbiters, and the observers assembled virtually, all
logging into the Rayyan environment stage being discussed. The
chief arbiter initiated the meeting and disabled the “blindfold” key,
allowing each juror to see how others judged the elimination
criterion. All the publications that were unanimously included or
excluded by all four jurors (paediatricians) automatically moved
into the Rayyan “include” or “exclude” file lists, respectively. All
the remaining articles automatically moved into the Rayyan
“conflicted” judgement list. The “conflicted list” tool identified all
articles selected by three of the four jurors, which were then also
moved to the “include” file. All the publications accepted by only
one juror were moved to the “exclude” file. Publications accepted
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FIGURE 2
Modified PRISMA for article elimination.

agreed

by only two jurors were brought forward for joint reassessment by
the jurors, presided over by the chief arbiter. After dialogue on the
article in question, the four jurors voted on its inclusion or
exclusion. In the event of a tie, the assistant arbiter cast the
deciding vote. All jury sittings were conducted via Zoom.com
Online Conferencing (Zoom Video Communications, Inc., San

Jose, CA, United States) and WhatsApp conference calls,

Frontiers in Pediatrics

simultaneously. The combined use of these two communication
platforms enabled us to combat the limitations posed by poor
Internet connectivity for jurors joining from Nigeria. Any conflict
of interest relating to any jury member resulted in their recusal
until a decision was reached in their absence.

The assessment outcome guided the jurors to deliberate and
agree on verdicts on the failures of the NMA, if any, and their
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EFS, evening fever syndrome; RIT, recycled incubator technology; HHA, handy approach; HISA, initial setpoint algorithm; PSS, politeO, splitter system; CPAP, continuous positive airway pressure; ibCPAP, improvised bubble CPAP.
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co-defendants. The jurors agreed on recommendations on how the
co-defendants might encourage, inspire, or influence researchers to
dwell more on game-changing studies that could have eliminated
the high “sinkhole” NMR.

Results

The search engine scoping pooled 194 publications from
PubMed, 673 from Google Scholar, and 3,418 from Web of
Science, producing a total of 4,286 articles. The removal of
duplicates left 4,015 articles for assessment. The stage-wise
elimination process left only 19 pieces of intervention techniques,
as shown in Figure 3 (2, 12-17, 19, 21-31). The stage 1 filtration
exercise was completed after a cumulative of 39 individual juror
working sessions and a total of 1,162 h. Stage 2 lasted 45 sessions
and totalled 1,254 h, stage 3 lasted 38 sessions and totalled
1,149 h, stage 4 lasted 29 sessions and totalled 796 h, and stages
5 and 6 involved tens of sessions and thousands of hours,
excluding jury sitting hours.

Some of the 19 ideas produced impressive results during their
trials and subsequent usage at a few tertiary hospitals. However,
none of these applications gained full national coverage, hence
failing to scale up nationally. The academia and solution creators
were unable to ensure wider usage of their successful ideas. Most
reviewed papers demonstrated no evidence of agency funding or
other support from the FMOH or hospital management. There
was no evidence of adoption or encouragement by the FMOH
for these potential game changers. The full assessment of the 19
potentially game-changing ideas is presented in Table 1—
thematic areas as identified included the following: (1) five
papers regarding thermoneutral support, (2) four focused on
respiratory support, (3) four on the diagnosis and management
of jaundice, and (4) six additional interventions. Notable
amongst them were “Treatment of neonatal jaundice with filtered
sunlight” (26), “A novel oxygen-splitter system that expands the
utility of oxygen cylinder by up to 700%” (19, 20), “A new low-
cost commercial bubble CPAP machine” (21), and “A novel air-
oxygen blender for neonatal respiratory support,” which was fully
described in a more recent publication (18).

Discussion

Critical concerns, such as the trend of persistent high neonatal
mortality rate in LMICs, are resolved by the intervention of
indigenous local scientists, amongst other players, who
understand the health situation and possess a personal patriotic
passion for ending the suffering of their people. Frugal usage of
available time and resources for making a significant impact
must, therefore, target identified research questions and gaps,
focusing on those with the highest likelihood of contributing to
overall mortality reduction. Any other strategy that ignores the
weightier gaps could be described as “misfiring,” and could go
on for many years without changing the overall situation. Game-
changing solutions must necessarily be created around bridging
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the weightier gaps, without which the overall situation remains
unsolved. It could therefore be concluded that the unacceptably
high neonatal mortality that has lasted for more than 32 years in
Nigeria is an issue for which its weightier gaps are either
undiscovered or left without a deliberate synthesis of problem-
specific interventions.

We aimed to investigate whether the NMA and associated
agencies (the co-defendants) have contributed to the age-long
high death rate of the Nigerian neonate (the plaintiff) by failing
to identify the weightier gaps and develop effective problem-
specific interventions for these. It is understood that importing
foreign-developed devices and ideas is a quicker option for
LMICs to bridge these gaps. There is nothing wrong with this
approach, as research is, by definition, international. However,
LMIC researchers are certainly responsible for conducting high-
quality intervention science/operational research studies to assess
effectiveness, labouring to tweak ideas or creating their own
culturally compliant versions. However, they often fail to
appreciate that technology importation alone may not sustainably
solve the problem without knowledgeable tweaking of associated
issues of operational infrastructure, culture, and climate.
Therefore, there may be no shortcut to avoiding “getting dirty on
the research bench” for LMIC medical academia.

Previous publications by the WHO provided insights into the
real gaps fuelling the high U5 mortality rate in Nigeria. By
carefully piecing together these publications, it was possible to
unravel where research efforts should have been channelled to
enhance overall reduction in U5 deaths in Nigeria (Figure 1).
Hence, the FMOH and NMA needed to (1) identify successful
research that has implemented solutions that are likely to be
successful in the Nigerian context of healthcare provision,
particularly targeting F7D preterm and low-birth-weight
neonates—the so-called “sinkhole” stage of the neonatal life
spectrum, (2) promote and strategically scale up these solutions
to reach neonates even in most remote areas of Nigeria, and (3)
encourage more locally driven research to improve the existing
solutions by ensuring that deployable research funds for U5
interventions, whether from the Nigerian Government or any
partners, are allocated based on the fraction of the total
mortality burden represented by neonatal deaths. The first clue
from the WHO implies that noticeable progress could be
achieved by allocating 50% of the available funding to neonatal
care (4). The second clue suggests that 80% of neonatal deaths
occurred during F7D (5). Therefore, to make noticeable progress,
80% of neonatal funding and energies should focus on research
targeting the first quarter of neonatal life. From the third clue,
we found that >75% of deceased F7D neonates had low birth
weight and/or were born prematurely (8). Therefore, good
progress could have made by channelling 75% of deployable
funding towards research activities targeting the weaker neonates
of age F7D. However, these resource-allocation strategies were
never implemented.

However, after a total of 141 individual juror assessment
sessions covering 4,361 h and numerous gruelling jury sittings,
jurors found only 19 out of 4,015 publications from the NMA
innovations.

containing potentially game-changing Jurors
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considered this outcome of only 19 potentially game-changing
ideas over 32 years to be insufficient; hence, they agreed that,
despite their hard work, the NMA did not demonstrate enough
leadership or play a sufficient role in synthesising adequate
solutions for the aching problems. Furthermore, there was no
evidence that these few innovations were encouraged, patronised,
or scaled up by the co-defendants in this case. It is noteworthy
that in high-income countries, discoveries often do not lead to
rapid implementation, as the process may take numerous years.
However, none of the assessed innovations in this inquest
received any specific funding or assistance to support indigenous
developers in reaching neonates in remote areas of Nigeria.
Hence, the victims suffered considerably through preventable
deaths from the time these innovations were discovered. We
consider this failure as a negation of responsibilities by the
NMA, FMOH, and hospital management. Some blame also falls
apportioned on all support agencies, which for many years have
not insisted on proportionately allocating funds to weightier
gaps. The jury identified weaknesses and culpabilities across
many sides, including the failure of the academia to raise
concerns on problem areas for research, failures by implementers
despite knowing what has been discovered to work, and the
failure of the government to fund/support these efforts. Global
research funders could have made exclusive calls for research to
address this specific problem (neonatal sinkhole) in LMICs but
failed to do so.

Verdict

With no prejudice prior to this investigation, the jurors have
carefully examined all evidence from extracted publications and
unanimously agreed to uphold that the Nigerian neonate has not
been given a fair chance of survival in the last 32 years by the
defendants
the following:

and co-defendants and, hence, wish to state

The jury unanimously agreed to hold that the so-called
sinkhole life the devastating but
unchallenged healthcare gap that has kept NMR high in Nigeria.
The jury primarily faults the Nigerian healthcare system,
represented by the FMOH and the NMA, which has failed
to apply and disseminate information on available novel
the

implementers of global health policies in Nigeria also failed the

of neonatal is most

technologies and innovations within country. The
LMIC neonates—and every group is held responsible for their
failure to act or ask the right questions when it became obvious
that the anticipated results were not being realised. The actions
of the FMOH and the academia in the last 32 years did not
demonstrate a full knowledge of the devastating “sinkhole” as
explained in this inquest. Therefore, the devastating F7D was left
unchallenged till date. Funding grants were not made available
by the Nigerian Government or indicative research advocacy
policy by the FMOH, who should be responsible for developing
innovative policies, monitoring the adherence to the policies,
and ensuring that the right researchers received the right

amount of support and inspiration. Foreign partners should not
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be held responsible very much because Nigeria needed to have
gotten her acts right and insisted on the best course of action for
her problems. The jury apportions part of the fault on the tool
developers who could have done better in marketing the
developed ideas by striking a fair balance between “money
making” and “life saving.” Nigeria is always mentioned
internationally as an important country, and there are Nigerian
representatives in all the UN bodies—they should have worked
harder, made more noise for the Nigerian neonates, and
requested more information and data from the home academia
to be able to correctly represent Nigeria and what it needs. They

all failed the neonates.

Recommendations

Novel medical devices that have been created and adapted for
the Nigerian climate for premature and/or low-birth-weight
neonates, which have undergone clinical trialling with published
significant success rates but with low nationwide usage coverage,
such as those mentioned in this report, should all be brought to
the attention of policymakers and stakeholders as ideas deserving
of promotion and adoption to enhance neonatal interventions in
remote and rural hinterlands across Nigeria.

The concept of a community-integrated neonatal rescue
scheme (NRS) in resource-poor environments is brilliant and
embraces intervention at three key levels of neonatal care (2).
Upon its introductory publication in 2022, its third level of care
(the hub centre) already demonstrated huge success in Minna
metropolis (Niger State), reducing neonatal mortality from 90%
to 4% in 6 years; this is one scheme that could be launched
nationwide as soon as possible and serve as a good lesson for the
other LMICs (33). Algorithms such as the handy approach (HA),
as described in the IntechOpen publication (15), and the initial
set-point algorithm (ISA) (16) are validated tools that have
demonstrated evidence-based success rates (34) and should be
scaled up in caregiving.

Research aimed at diagnosing and managing preventable life-
threatening complications in neonates and improving neonatal
outcomes of “sinkhole”-classified neonates should be at the
forefront of efforts by the LMIC academia. Strategic ideas,
concepts, designs, and proposals proven effective by research
should be fast-tracked or adapted where needed and scaled up by
the appropriate committees and bodies assigned to these roles.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors without undue reservation.

Author contributions

Data
Methodology, Project administration, Supervision, Visualization,

HA: Conceptualization, curation,  Investigation,

Frontiers in Pediatrics

1

10.3389/fped.2024.1413113

Writing - original draft, Writing - review & editing. IA: Data
Validation,
Visualization, Writing - original draft, Writing - review &

curation, Formal Analysis, Investigation,
editing. UU: Data curation, Formal Analysis, Methodology,
Supervision, Visualization, Writing - review & editing. R-DE:
Data Formal Analysis, Validation,

Visualization, Writing - review & editing. NE: Investigation,

curation, Investigation,
Methodology, Supervision, Validation, Visualization, Writing -
review & editing. ON: Formal Analysis, Investigation, Project
administration, Supervision, Validation, Visualization, Writing -
CD:
Methodology, Supervision, Validation, Visualization, Writing -

review & editing. Formal Analysis, Investigation,

review & editing.

Funding

The authors declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors acknowledge the helpful contributions of Dr.
Temilade C. Adesina and Dr. Chinwe Obu in article assessments
as co-jurors and practical knowledge of some of the devices
analysed. The authors thank Professor Nynke Van den Broek for
helping shape the manuscript. The Hornchurch Baptist Church
of Essex, United Kingdom, supports the outreach of Professor
H. Amadi’s Laboratory in Nigeria. The Neonatal Concerns for
Africa (NCA) organisation is a collaborative venture of the
Bioengineering Department of Imperial College London,
United Kingdom, with many neonatal facilities across the
Nigerian regions.

Conflict of interest

Author NE was employed by Frederick & Co., Barristers
and Associates.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
or those of the publisher, the
and the reviewers.

affiliated organizations,
editors Any product that may be
evaluated in this article, or claim that may be made by its
not

manufacturer, is

the publisher.

guaranteed or endorsed Dby

frontiersin.org


https://doi.org/10.3389/fped.2024.1413113
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Amadi et al.

References

1. UNIGME. Levels and trends in child mortality: report 2019. Available online at:
https://www.who.int/publications/m/item/levels-and-trends-in-child-mortality-report-
2021 (Accessed August 8, 2022).

2. Amadi HO, Kawuwa MB, Abubakar AL, Adesina CT, Olateju EK. A community
integrated concept that minimises death of most vulnerable neonates at poor-resource
environments. J Pediatr Neonatal Care. (2022) 12:170-3. doi: 10.15406/jpnc.2022.12.
00475

3. Akinyemi JO, Bamgboye EA, Ayeni O. Trends in neonatal mortality in Nigeria
and effects of bio-demographic and maternal characteristics. BMC Pediatr. (2015)
15:1-2. doi: 10.1186/512887-015-0349-0

4. WHO, UNICEF. Progress Towards Millennium Development Goals 4 and 5—
Countdown to 2015 Decade Report (2010). Available online at: http://whqlibdoc.
who.int/publications/2010/9789241599573_eng.pdf (Accessed February 2, 2017).

5. MCA, World Health Organisation. Maternal and Perinatal Health Profile of
Nigeria, Africa Region. Maternal and Perinatal Country Profile (2014). Available
online at:  http://www.who.int/maternal_child_adolescent/epidemiology/profiles/
maternal/nga.pdf (Accessed February 2, 2017).

6. UNICEF, WHO, World Bank, UN Pop Div. Levels and Trends in Child Mortality
Report (2015). Available online at: https://childmortality.org/wp-content/uploads/
2015/10/Levels-and-Trends-in-Child-Mortality-Report-2015.pdf (Accessed February
2, 2017).

7. Federal Ministry of Health. Saving Newborn Lives in Nigeria: Newborn Health in
the Context of the Integrated Maternal, Newborn and Child Health Strategy. 2nd edn.
Abuja: Federal Ministry of Health, Save the Children, Jhpiego (2011). Available
online at: http://resourcecentre.savethechildren.se/content/library/documents/nigeria-
newborn-health-report-context-integrated-maternal-newborn-and-chil ~ (Accessed
August 12, 2016).

8. Lawn J, Kerber K. Opportunities for Africa’s Newborns: Practical Data, Policy and
Programmatic Support for Newborn Care in Africa. Cape Town: PMNCH, Save the
Children, UNFPA, UNICEF, USAID, WHO (2006).

9. National Population Commission (NPC) [Nigeria] and ICF. Infant and Child
Mortality. Nigeria Demographic and Health Survey. Abuja, Nigeria, and Rockville,
MD, USA: NPC and ICF (2018). p. 163-72. Available online at: https://www.
dhsprogram.com/pubs/pdf/FR359/FR359.pdf (Accessed October 4, 2022).

10. Maynard KR, Causy L, Kawaza K, Dube Q, Lufesi N, Oden ZM, et al. New
technologies for essential newborn care in under-resourced areas: what is needed
and how to deliver it. Paediatr Int Child Health. (2015) 35:192-205. doi: 10.1179/
2046905515Y.0000000034

11. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and
mobile app for systematic reviews. Syst Rev. (2016) 5(210):1-10. doi: 10.1186/
s13643-016-0384-4

12. Amadi HO, Mohammed IL, Kawuwa MB, Oyedokun A, Mohammed H.
Synthesis and validation of a weatherproof nursery design that eliminates tropical
evening-fever-syndrome in neonates. Int | Paediatr. (2014) 2014(1):1-9. doi: 10.
1155/2014/986760

13. Amadi HO, Mokuolu O, Adimora GN, Pam SD, Etawo US, Ohadugha CO, et al.
Digitally recycled incubators: better economic alternatives to modern systems in low-
income countries. Annals Trop Paediatr. (2007) 27:207-14. doi: 10.1179/
146532807X220325

14. Ige EO, Dare AA, Adeniyi KA, Coker AO, Murphy RL, Glucksberg M, et al.
Suitability of hood geometry for design of a PCM neonate incubator for resource-
limited clinical applications. ] Med Sys. (2021) 45:32. doi: 10.1007/s10916-021-
01716-9

15. Amadi HO. Neonatal thermoneutrality in a tropical climate. In: Rodriguez-
Morales AJ, editor. Current Topics in Tropical Medicine. Croatia: IntechOpen
(2012). p. 513-44. Available online at: http://www.intechopen.com/books/current-
topics-in-tropical-medicine/neonatal-thermoneutrality (Accessed March 16, 2012).

16. Amadi HO, Adesina CT, Olateju EK, Omokaro S, Okechukwu AA, Alabi P,
et al. Validation of a novel technique that minimises early neonatal deaths—a
comparative study. J Pediatr Neonatal Care. (2017) 6(1):00232. doi: 10.15406/jpnc.
2017.06.00232

17. Obu CD, Ezeanosike OB, Onwe OE, Amadi HO. A novel air-oxygen blender for
neonatal respiratory support in resource-poor settings—a preliminary study. In: Asani
MO editor, Book of abstracts—Proceedings of the 51st Annual Scientific Conference,
Paediatrics Association of Nigeria, pp. 150; Kano, Nigeria 21-24 January 2020. Niger
] Paediatr. (2020) 47:175. Available online at: http://www.njpaediatrics.com/2020/
v47n2/11Paper%20Presentations.pdf (Accessed April 2, 2023).

Frontiers in Pediatrics

12

10.3389/fped.2024.1413113

18. Amadi HO, Obu CD, Onwe-Ogah E. A low-cost oxygen-air mixer device
extends accessibility of safer neonatal respiratory support in a resource-poor setting.
J Pediatr Neonatal Care. (2023) 13(2):162-5. doi: 10.15406/jpnc.2023.13.00509

19. Onwe OE, Ezeanosike OB, Obu CD, Amadi HO. A novel oxygen-splitter system
that expands the utility of oxygen cylinder or concentrator by up to 700%—a
technology report. In: Asani MO (editor), Proceedings of the 51st annual scientific
conference, Paediatrics Association of Nigeria, pp. 60; Kano, Nigeria 21-24 January
2020. Niger ] Paediatr. (2020) 47:140. Available online at: http://www.njpaediatrics.
com/2020/v47n2/11Paper%20Presentations.pdf. (Accessed April 2, 2023).

20. Amadi HO. The polite oxygen splitter system (PSS)—a frugal LMIC oxygen
delivery technology that expands the utility by up to 700%. ] Paediatr Neonatal
Care. (2023) 13:75-80. doi: 10.15406/jpnc.2023.13.00495

21. Amadi HO, Okonkwo IR, Abioye IO, Abubakar AL, Olateju EK, Adesina CT,
et al. A new low-cost commercial bubble CPAP (bCPAP) machine compared with a
traditional bCPAP device in Nigeria. Paediatr Int Child Health. (2019) 39:184-92.
doi: 10.1080/20469047.2019.1598125

22. Audu LI, Otuneye AT, Mukhtar MY, Mairami AB, Mshelia L]. Customized
bubble continuous airway pressure device at the national hospital Abuja for the
treatment of respiratory distress syndrome (RDS). Niger ] Paediatr. (2013)
40:275-7. doi: 10.4314/njp.v40i3,14

23. Audu LI, Otuneye AT, Mairami AB, Mukhtar MY. Improvised bubble
continuous positive airway pressure (BCPAP) device at the National Hospital Abuja
gives immediate improvement in respiratory rate and oxygenation in neonates with
respiratory distress. Niger ] Paediatr. (2015) 42:12-6. doi: 10.4314/njp.v42il.4

24. Powell P, Slusher TM, DeWitt G, Abdulkadir I, Satrom K. Smartphone enabled
phototherapy irradiance meter for the care of the jaundiced neonates in low-resource
regions. In: Proceedings of the 2020 Design of Medical Devices Conference
(DMD2020); 2020 Apr 7-9 Minneapolis, MN, United States. New York, NY:
Transactions of American Society of Mechanical Engineers. Available online at:
http://asmedigitalcollection.asme.org/BIOMED/proceedings-pdf/DMD2020/83549/V0
01T05A003/6552716/v001t05a003-dmd2020-9040.pdf (Accessed April 2, 2023).

25. Olusanya BO, Mabogunje CA, Imosemi DO, Emokpae AA. Transcutaneous
bilirubin nomograms in African neonates. PLoS One. (2017) 12(2):1-12. doi: 10.
1371/journal.pone.0172058

26. Slusher TM, Olusanya BO, Vreman HJ, Wong R]J, Brearley AM, Vaucher YE,
et al. Treatment of neonatal jaundice with filtered sunlight in Nigerian neonates:
study protocol of a non-inferiority, randomized controlled trial. Trials. (2013)
14:446. doi: 10.1186/1745-6215-14-446

27. Abdulkadir I, Adebiyi NM, Hassan L, Abdullahi F, Ogala WN, Slusher TM, et al.
Irradiance levels of phototherapy devices fabricated in Nigeria. Niger J Paediatr. (2018)
45:180-4. doi: 10.4314/njp.v45i4.3

28. Modekwe VI, Ugwu JO, Ekwunife OH, Osuigwe AN, Orakwe JC, Awachie DS,
et al. A randomised controlled trial on the efficacy and safety of oral ketamine in
neonatal circumcision. J Clin Diagnostic Res. (2021) 15:1-4. doi: 10.7860/JCDR/
2021/46341.14400

29. Sobowale AA, Olaniyan OM, Adetan O, Adanigbo O, Esan A, Olusesi AT, et al.
Implementation of a clinical decision support systems-based neonatal monitoring
system framework. Int ] Adv Computer Sci Appl. (2020) 11:372-7.

30. Emuoyibofarhe JO, Akindele AT, Ronke BS, Omotosho A, Meinel C. A fuzzy
rule-based model for remote monitoring of preterm in the intensive care unit of
hospitals. Int ] Med Res Health Sci. (2019) 8:32-3. Available online at: https://www.
ijmrhs.com/medical-research/a-fuzzy-rulebased-model-for-remote-monitoring-of-
preterm-in-the-intensive-care-unit-of-hospitals.pdf (Accessed July 8, 2024).

31. Eregie CO, Muogbo DC. A simplified method of estimating gestational-age in an
African population. Dev Med Child Neurol. (1991) 33:146-52. doi: 10.1111/j.1469-
8749.1991.tb05093.x

32. Amadi HO, Abubakar AL. LMIC facility-lighting limitation in Nigeria fully
resolved by a novel frugal polite-light-bank technology. Global ] Med Res. (2023) 23
(3):1-5. Available online at: https:/globaljournals.org/GJMR_Volume23/1-LMIC-
Facility-Lighting-Limitation-in-Nigeria.pdf (Accessed April 2, 2023).

33. Amadi HO, Abubakar AL, Abdullahi RA, Abubakar AG. The neonatal rescue scheme
(NRS) concept reduces mortality by over 85% in Niger State Nigeria—a lesson for Nigeria
and other LMICs. ] Neonatal Nurs. (2024) 30:70-6. doi: 10.1016/j,jnn.2023.07.003

34. Amadi HO, Olateju EK, Kawuwa MB, Osibogun AO, Alabi P, Ibadin MO.
Neonatal hyperthermia and thermal stress in low- and middle-income countries: a
hidden cause of death in extremely low-birthweight neonates. Paediatr Int Child
Health. (2015) 35(3):273-81. doi: 10.1179/2046905515Y.0000000030

frontiersin.org


https://www.who.int/publications/m/item/levels-and-trends-in-child-mortality-report-2021
https://www.who.int/publications/m/item/levels-and-trends-in-child-mortality-report-2021
https://doi.org/10.15406/jpnc.2022.12.00475
https://doi.org/10.15406/jpnc.2022.12.00475
https://doi.org/10.1186/s12887-015-0349-0
http://whqlibdoc.who.int/publications/2010/9789241599573_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241599573_eng.pdf
http://www.who.int/maternal_child_adolescent/epidemiology/profiles/maternal/nga.pdf
http://www.who.int/maternal_child_adolescent/epidemiology/profiles/maternal/nga.pdf
https://childmortality.org/wp-content/uploads/2015/10/Levels-and-Trends-in-Child-Mortality-Report-2015.pdf
https://childmortality.org/wp-content/uploads/2015/10/Levels-and-Trends-in-Child-Mortality-Report-2015.pdf
http://resourcecentre.savethechildren.se/content/library/documents/nigeria-newborn-health-report-context-integrated-maternal-newborn-and-chil
http://resourcecentre.savethechildren.se/content/library/documents/nigeria-newborn-health-report-context-integrated-maternal-newborn-and-chil
https://www.dhsprogram.com/pubs/pdf/FR359/FR359.pdf
https://www.dhsprogram.com/pubs/pdf/FR359/FR359.pdf
https://doi.org/10.1179/2046905515Y.0000000034
https://doi.org/10.1179/2046905515Y.0000000034
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1155/2014/986760
https://doi.org/10.1155/2014/986760
https://doi.org/10.1179/146532807X220325
https://doi.org/10.1179/146532807X220325
https://doi.org/10.1007/s10916-021-01716-9
https://doi.org/10.1007/s10916-021-01716-9
http://www.intechopen.com/books/current-topics-in-tropical-medicine/neonatal-thermoneutrality
http://www.intechopen.com/books/current-topics-in-tropical-medicine/neonatal-thermoneutrality
https://doi.org/10.15406/jpnc.2017.06.00232
https://doi.org/10.15406/jpnc.2017.06.00232
http://www.njpaediatrics.com/2020/v47n2/11Paper%20Presentations.pdf
http://www.njpaediatrics.com/2020/v47n2/11Paper%20Presentations.pdf
https://doi.org/10.15406/jpnc.2023.13.00509
http://www.njpaediatrics.com/2020/v47n2/11Paper%20Presentations.pdf
http://www.njpaediatrics.com/2020/v47n2/11Paper%20Presentations.pdf
https://doi.org/10.15406/jpnc.2023.13.00495
https://doi.org/10.1080/20469047.2019.1598125
https://doi.org/10.4314/njp.v40i3,14
https://doi.org/10.4314/njp.v42i1.4
http://asmedigitalcollection.asme.org/BIOMED/proceedings-pdf/DMD2020/83549/V001T05A003/6552716/v001t05a003-dmd2020-9040.pdf
http://asmedigitalcollection.asme.org/BIOMED/proceedings-pdf/DMD2020/83549/V001T05A003/6552716/v001t05a003-dmd2020-9040.pdf
https://doi.org/10.1371/journal.pone.0172058
https://doi.org/10.1371/journal.pone.0172058
https://doi.org/10.1186/1745-6215-14-446
https://doi.org/10.4314/njp.v45i4.3
https://doi.org/10.7860/JCDR/2021/46341.14400
https://doi.org/10.7860/JCDR/2021/46341.14400
https://www.ijmrhs.com/medical-research/a-fuzzy-rulebased-model-for-remote-monitoring-of-preterm-in-the-intensive-care-unit-of-hospitals.pdf
https://www.ijmrhs.com/medical-research/a-fuzzy-rulebased-model-for-remote-monitoring-of-preterm-in-the-intensive-care-unit-of-hospitals.pdf
https://www.ijmrhs.com/medical-research/a-fuzzy-rulebased-model-for-remote-monitoring-of-preterm-in-the-intensive-care-unit-of-hospitals.pdf
https://doi.org/10.1111/j.1469-8749.1991.tb05093.x
https://doi.org/10.1111/j.1469-8749.1991.tb05093.x
https://globaljournals.org/GJMR_Volume23/1-LMIC-Facility-Lighting-Limitation-in-Nigeria.pdf
https://globaljournals.org/GJMR_Volume23/1-LMIC-Facility-Lighting-Limitation-in-Nigeria.pdf
https://doi.org/10.1016/j.jnn.2023.07.003
https://doi.org/10.1179/2046905515Y.0000000030
https://doi.org/10.3389/fped.2024.1413113
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	The case of the neonate vs. LMIC medical academia—a jury-style systematic review of 32 years of literature without significant mortality reduction
	Introduction
	What is already known

	Materials and methods
	Considerations of conflicts of interest
	Systematic review
	Search strategy
	Inclusion and exclusion criteria
	Impacts and outcomes assessed
	Jury sittings

	Results
	Discussion
	Verdict
	Recommendations

	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


