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Abstract

Background and Aims: Neonatal deaths contribute significantly to under-5 mortality
worldwide with Sub-Saharan Africa (SSA) alone accounting for 43% of global
newborn deaths. Significant challenges in the region's health systems evidenced by
huge disparities in health facility deliveries and poor planning for preterm births are
major contributors to the high neonatal mortality. Many neonates in the region are
delivered in suboptimal conditions and require transportation to facilities equipped
for specialized care. This review describes neonatal transport across the subregion,
focusing on low-cost interventions employed.

Methods: We conducted a systematic review of studies on neonatal transport in SSA
followed by a narrative synthesis. A search in the databases CINAHL, EMBASE,
MEDLINE, Web of Science, African Index Medicus, and Google Scholar was
performed from inception to March 2023. Two authors reviewed the full texts of
relevant studies to determine eligibility for inclusion which was subsequently cross-
checked by a third reviewer using a random 30% overlay. The quality of the included
studies was assessed using the Mixed Methods Appraisal Tool.

Results: A total of 20 studies were included in this review involving 11,895 neonates
from 10 countries. All studies evaluated the transfer of neonates into referral
centers from the peripheries. Most neonates were transferred by public transport
(n=12), mostly in the arms of caregivers with little communication between
referring facilities. Studies reporting on ambulance transfers reported pervasive
inadequacies in both human resources and transport equipment. No study reported
on the use of Kangaroo mother care (KMC) in the transfer process.

Conclusions: The neonatal transport system across the SSA region is poorly planned,
poorly resourced, and executed with little communication between facilities. Using
cost-effective measures like KMC and improved training of community health

workers may be key to improving the outcomes of transported neonates.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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Study question: What is the evidence on neonatal transport in Sub-
Saharan Africa? What low-cost interventions are employed in
neonatal transport in Sub-Saharan Africa to improve morbidity and
mortality in transported neonates?

What's already known: A poorly structured transport process in
developing countries is a major contributor to increased neonatal
mortality rates. WHO recommended low-cost interventions including
Kangaroo mother care improve outcomes in neonates stabilized
within neonatal units in developing countries. Differing interventions
to improve thermal and physiologic stability have been studied in
other world regions.

What this study adds: As the only systematic review on neonatal
transport practices in Sub-Saharan Africa, this study provides
context-specific current evidence on studies performed in a
subregion that has significant disparities compared to other regions

classified as developing or Low-middle income countries.

1 | BACKGROUND

Significant progress has been made in child survival since the
institution of the Millennium Development Goals (MDGs), over 2
decades ago. However, despite increased facility delivery, which was
a focus of the MDG, neonatal mortality in low and low-middle-
income countries (LMIC) remains high.

Even though over 62 countries were able to achieve MDG 4, the
target was missed globally with the under-5 mortality rate (USMR)
reducing by 53% over 25-year period (1990-2015) instead of the
targeted 75%.*

Globally, USMR fell from 90.6 deaths per 1000 live births in
1990 to 42.5 per 1000 live births in 2015, significantly below the
MDG target. In percentage terms, the decline in neonatal mortality
has been slower than that of postneonatal under-5 mortality:
reducing by 47% compared with 58% globally. As a result, the
portion of neonatal deaths among overall under-5 deaths increased
from 40% in 1990 to 45% in 2015,? with several regions' resource-
limited settings exceeding a mortality rate of more than 50%.°

The Sustainable Development Goals (SDG), a follow-up from the
MDGs has an aim for all countries to achieve a USMR of 25 or fewer
deaths per 1000 livebirths by 2030 (SDG target 3.2.1) and a neonatal
mortality rate (NMR) of 12 or fewer deaths per 1000 livebirths by
2030.* About halfway into the SDG era, the global U5MR is
estimated to have decreased by 59% to 37.7% deaths per 1000 live
births in 2019 and NMR reduced by just over half from 36.6% in
1990 to 17.5% deaths per 1000 live births in 2019.> This translates
into a drop in the total number of deaths from 5.0 million in 1990 to
2.4 million in 2019.°

Sub-Saharan Africa (SSA) is currently made up of 48 out of
the 52 countries on the African continent and is geographically

located south of the Sahara Desert,® with an estimated total
population of approximately 1.18 billion.” It has differing
statistics, economically and in health service delivery compared
to other regions considered LMIC. Approximately, 40% of the
world's population are extremely poor and live below the US
$1.90-a-day poverty line. SSA accounts for 66% of the global
extremely poor.®

SSA and Southern Asia alone accounted for 80% of the global
neonatal deaths in 2019.” Two-thirds of these occurred on the first
day of life and almost three-quarters within the first week. The
challenge to survive encountered by the neonate, therefore, starts at
the place of delivery, with a risk of death up to 20 times higher in SSA
and Southern Asia compared to high-income countries.’

Many newborn deaths are a consequence of a lack of contact
with the health system or a lack of transfer systems to access
higher-level facilities. 1012 Unfortunately, in SSA, sick newborns
in need of transfer to established specialized neonatal centers
remain at risk of adverse outcomes because of under-resourced
peripheral delivery facilities, lack of coordinated neonatal
transport service, and frequently unsafe transfer practices.
Prompt attention to appropriate referral of sick newborns might
therefore significantly contribute to a reduction in the high
mortality occurring on the day of birth.®

Challenges in every sector of the health system in SSA and most
LMICs regarding newborn care including the absence of well-
established ambulance services lend themselves to the need to
explore the possibility of employing cost-effective but evidence-
based, life-saving procedures in the neonatal transfer process. The
results from such an exercise would inform technical guidelines for
use by healthcare professionals, facilities, and organizations respon-
sible for setting health system priorities and policies surrounding the
transport of neonates in LMICs. The use of Kangaroo mother care
(KMC) and other alternative methods of thermal stability for neonatal
transport is not well studied in SSA, yet this has been one of the areas
proposed for future research in several published studies on neonatal
transport.

KMC is a practical, effective, and safe substitute for conventional
neonatal care in preterm and low birthweight (LBW) infants mainly in
resource-limited countries. It involves strapping the baby upright to
the mother's chest in skin-to-skin contact. World Health Organization
defines KMC with four components: early, continuous, and prolonged
skin-to-skin contact between the newborn and mother, exclusive
breastfeeding, early discharge from the health facility, and close
follow-up at home.'* Previous studies have reported its benefits in
reducing the risk of morbidity and mortality among LBW infants.*>
The skin-to-skin component alone has also been reported to be
associated with improved breastfeeding, cardiorespiratory stability,
and improved responses to procedural pain in randomized controlled

studies.*¢”
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1.1 | Rationale

While a review of neonatal transport in developing countries has
been undertaken,!? the field is advancing necessitating an updated
review. The use of KMC for the care of stable newborns within
neonatal units in resource-limited settings has been reported but
there is a dearth of information on its use in neonatal transport. This
study aimed to systematically review the literature on neonatal
transport in SSA to explore all components including the use of cost-

effective procedures.

2 | METHODS

A systematic review was undertaken according to the prospectively
developed review protocol which conformed to Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA) guide-
lines.?® The review is registered with PROSPERO (registration
number CRD42022352401).

2.1 | Literature search

A systematic literature search was conducted from inception to
March 2023 of the following databases: CINAHL, EMBASE, MED-
LINE, Web of Science, African Index Medicus, and Google Scholar. A
combination of subject headings and keyword searches about
neonates, transport or transfer, transport interventions, and all Sub-
Saharan African countries was used. These were tailored to each
database. The full list of search terms is available in (Appendix S1).

There were no restrictions placed on the date or language of the
publication. However, the studies included were restricted to only
those from SSA. Bibliographies of retrieved articles were reviewed
for additional articles which meet the inclusion criteria. All selected
articles were imported into RefWorks, ProQuest reference manager,
and independently assessed by reviewers using the inclusion/
exclusion criteria.

2.2 | Inclusion criteria

All peer-reviewed publications on neonatal transport, describing
transport modalities/processes and outcomes within SSA were

assessed.

2.3 | Exclusion criteria

Case reports, protocols, editorials, commentaries, or studies on
neonatal transport that were not published in SSA. For studies with
uncertainty about meeting the inclusion criteria, or where relevant
data could not be extracted from the study report, the authors were
contacted via email for additional data or clarification. If this was not

Open Access

forthcoming the study was excluded. In the case of studies of mixed
samples where only a proportion of the study population meets the
inclusion criteria (e.g., only a proportion of the transported infants are
neonates, or communication was partly about the maternal prelabour

transfer), the study was included if relevant data could be extracted.

2.4 | Definitions

A neonate is defined as a newborn infant with a chronological age of
28 days or less without regard to the postmenstrual age at birth.

A caregiver is defined as the individual who accompanies the
neonate during transport, as identified by the study, and could be a
family member, such as a mother, father, aunt, grandmother, or
friend.

Pretransport, intratransport, and posttransport interventions
refer to all interventions instituted to improve the outcome of
referred neonates. These include training in the communication of
medical personnel, interfacility prereferral communication, interven-
tions that aim to refine or upgrade already existing methods of
transport, and the introduction of new methods or equipment for
transport and methods to improve physiologic stability.

Facility type was categorized as either primary, secondary, or
tertiary health centers as identified by each study. Primary health
centers included public and private maternity units, health centers,
and health facilities with in-patient care as defined by individual
studies based on the country's health structure.

Healthcare providers include hospital/facility administrators,
paramedics, and medically trained providers such as doctors,

midwives, and nurses.

2.5 | Data extraction

Articles retrieved using the search strategy were initially screened by
title and abstract against the inclusion criteria by E. O. and checked
by H. S. and F. F. with any disagreement over potential article
relevance resolved through discussion.

Eligible papers were read in full text independently by E. O. and
F. F. for inclusion and E. O. extracted study characteristics and
outcome data from the included studies using a predefined data
extraction form (Excel spreadsheet) which was subsequently checked
for accuracy by H. S. or F. F. Papers which met the inclusion criteria at
the abstract stage, but where a full-text article could not be obtained
even after contact with authors were included if enough data could
be extracted from the abstract. Data extracted were summarized to
include, authors, country of study, the study aims and objectives,
research methods/design, participants, information on the transport/
transfer process, main findings, quality appraisal score, and study
limitations. Summary characteristics were kept broad due to the vast
methodological differences within and between the studies. For
qualitative studies, directly reported participant data (e.g., verbatim
quotations or scores), and author interpretations were extracted and
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analyzed separately in order not to distort the contextual basis
required to understand barriers and enablers of an efficient neonatal

transportation system for the region.

2.6 | Quality appraisal

All reviewers independently assessed the 20 full-text papers using
the Mixed Methods Appraisal Tool (MMAT), Version 2018.%7 Articles
were assessed using the criteria within the tool that was appropriate
for the study design; quantitative (randomized; nonrandomized:
descriptive), qualitative, or mixed-methods design. Any disagree-
ments were discussed within the team. No studies were excluded

based on their quality but commented on in the narrative synthesis.

2.7 | Data summary and synthesis

The heterogeneity among the included studies, even for studies with
similar methodologies made it taxing for combining quantitative data
using meta-analysis, or a meta-synthesis for qualitative data. The

general framework and specific tools outlined in the Economic and

Social Research Council Guidance on the Conduct of Narrative
Synthesis in Systematic Reviews?® were applied.

We, therefore, proceeded to combine studies by summarizing
their descriptive statistics followed by a textual narrative synthesis as
opposed to a thematic synthesis. A textual synthesis held more
potential to describe the gaps in the literature and to make
transparent the heterogeneity between the studies as well as make
the context and study characteristics of each study clearer.

To minimize the inherent selection bias of facility-based surveys
regarding their population sample as well as minimizing bias in
synthesizing studies, we have attempted to describe all outcomes and
findings regardless of their statistical significance.

3 | RESULTS

Figure 1 gives a PRISMA flow diagram of the study search and
selection process.'® Forty-seven publications were identified, and
seven articles were identified through hand-searching the bibliogra-
phies of identified studies. Duplicates were removed leaving 47
papers that were screened against the inclusion/exclusion criteria by

their titles and abstracts. A total of 22 studies were reviewed in full

'
c
= Records identified through Additional records identified
§ database searching through other sources
= (n=47) (n=7)
c
]
s
A 4 A 4
PR Records after duplicates removed
(n=47)
00
=
c
o
g
o
@ Records screened R Records excluded
(n=47) g (n=25)
—
'
Full-text articles assessed Full-text articles excluded,
z for eligibility > with reasons
3 (n=22) (n=2)
B
w
N Studies included in
qualitative synthesis
(n= 20)
°
7]
3
= Studies included in
£ narrative synthesis
(n=20)
|

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-analysis flowchart.?®
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text. Out of these, two articles were excluded based on the exclusion
criteria: The first is a registry-based study that focused on socio-
demographic factors, pregnancy complications, and neonatal factors
predicting admission to the neonatal unit without any distinction of
outborn neonates?! and the second study involved mother-baby
pairs with data analysis mainly focussing on the mothers.?? A total of
20 articles met our inclusion criteria and were included in the final

review and analysis.

3.1 | Study characteristics

Table 1 provides a summary of study characteristics. Five studies
(25%) were conducted in South Africa,?*"2® four (20%) were
conducted in Nigeria,u'”’31 two each (10%) were conducted in
Ethiopia32'33 Ghana,®*®> and Senegal,3"{”37 and one each (5%) from
Cameroon,®® Congo,®’ Guinea,*® Mali,** and Uganda.*? There were
no randomized controlled studies. Two studies were qualitative?”-32
with the rest being descriptive cross-sectional studies: 11 retrospec-
tive and 7 prospective.

The focus of the studies was varied. Three studies were
community-based surveys,?”2*2 two studies evaluated the qual-

ity/effectiveness of a dedicated neonatal ambulance service,2+2°

one
study evaluated barriers to an effective neonatal transport service,>?
one study evaluated the cost-effectiveness of a dedicated ambulance
service®® and the rest (13) were facility-based surveys.

The majority (n=18/20) of the studies were published after
2000 with only two studies published between 1989 and 1994.
Twelve of the studies was published after the last review of neonatal
transport in developing countries.!® All studies evaluated the transfer
of neonates into referral centers from the peripheries.

The study populations were homogeneous in terms of age, as the
ages of all the study participants enrolled were less than 1 month.
The subgroup categories within studies however differed for example
in gestational age, birthweight, and severity of iliness as summarized
in Table 1.

The included studies identified a total of 11,895 neonates who
were either transferred into tertiary care from the peripheries or
benefited from interhospital transport. Out of these, 848 neonates
were included in two nonfacility-based studies which analyzed
referrals by only community health workers into hospitals.

Although included studies had a varied focus, the majority
focused on the description of the reasons for transfer and outcomes

of neonates transported into the hospital (n = 14).12:27:29-31.34-41.43

3.2 | Quality assessment

The quality of studies using the MMAT assessment is shown in
(Appendix S2). All studies met the MMAT screening criteria
questions. The two qualitative studies were of good quality with
clearly defined research questions, sampling methods, and clear links
between data collected and inferences. The quantitative studies were

Open Access

of varied quality. Most studies addressed the research question well
but a few studies either had unclear aims® or the stated aim was not
addressed in the final analysis.>®

Most quantitative studies described the target population well
and used appropriate measurements. 15/20 studies were judged to
have a sample that was representative of the target population, in 5/
20 studies it was not possible to tell if the sample was representative.
In sampling their participants, only one stated they used convenience
sampling, however, a closer review of the studies suggested that
most studies used convenience sampling. Most studies did not
comment on any consideration about how study findings or the
extent of missing data introduced biases. The discussion segments of
some studies were limited and most studies often limited analyses to
descriptive statistics on comparison groups and x> or t tests to

elucidate differences in outcomes.

3.3 | Synthesis of results

A neonatal transport service has several key components: Human
resources, vehicles, and equipment, communication and family
support, documentation and quality assurance, and feedback to
referring units. Included studies varied greatly in their focus on the
individual aspects of the transport service. These have been
incorporated into four overarching themes including “mode of
transport,” “support during transport,” “referral pathway and com-

munication,” and “neonatal care and access within health facilities.”

3.4 | Mode of transport: Organized versus
self-transport

As shown in Table 2, 16 studies either examined or commented on
the mode of transport of neonates in the subregion. The mode of
transport and neonatal outcomes were similar across studies
regardless of study quality. Five studies examined regionalized/
organized ambulance transport services using ground transport,*2443
private ground ambulances,®® fixed-wing helicopters, and ground
ambulances.?® Eight studies identified public transport as the main
mode of transport with the majority (7/8) being transferred by

12,34,35,37.38.4041 3nd private vehicles.%° In one study, a comment

taxis
is made about 10% of the transfers being made by ambulance but the
other modes of transfer are not analyzed.3® Transfers on foot was the

maximal mode of transport in three studies,®*?

with one reporting
as high as more than 30%.%° Reported average distances for many
transfers were <80km but up to 200 km in helicopter transfers?®
(Table 2). The reported time of travel was however considerable
ranging from 15min to 48 h.25%84% The reported average delay
before admission to a referral center was 3.5 h with a maximum of 3
days.®”

Support during transport: This is subdivided into (a) Use of
equipment, KMC, or other low-cost interventions for transport and

(b) human resources and family support:
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(@) Use of equipment, KMC, or other low-cost interventions for
transport: In no study was KMC employed during transport. In

five studies using ambulance transport, there was reported

24,30,32,41,43 and one

t.33

inadequate equipment during the transfer
study reported on an adapted ambulance with no equipmen
One of these reported one neonate transferred with a hot water
bottle to maintain thermal stability.30 In all other studies,
transfers were made with babies in the caregivers' arms. No
study examined any innovative models for transport or used
illness severity scores (TRIPS, TOPS, SNAP-II, SNAPPE-II) in
assessment, triage, and prediction of mortality**#° (Table 2).

(b) Human resources and family support: The five studies which
examined a regionalized/organized transport service involved
trained paramedics to accompany the transfer. In all the other
remaining studies, transported neonates were accompanied by
mothers or other family members. A health worker accompanied
a proportion of the transfers in three studies - 13% with
nurses,>® 1.7% with a doctor and nurse,*? and 7% with a nurse or

other health professional®® (Table 2).

Referral pathway and communication: All studies reported a lack
of standard referral pathways with critical deficiencies in communi-
cation before, during, and after transport with the majority reporting

no communication between referring units (Table 2).

3.5 | Neonatal care and access within health
facilities

Eleven studies reported on the outcome of newborns transported
into tertiary neonatal units for continued care with consistently high
mortality in outborn transported neonates. Only 1 out of these 11
studies reported mortalities of <10%,%> 8 studies between 20% and
32%.12:28,303437-39.41 |5 one study the mortality was 46.8%,%C with
the highest mortality being 63.5%.2° Two studies with high
mortalities reported significantly increased mortalities of 44% and
51.7% in the first 48 h after delivery and transfer?’” (Table 3).

In relating mortality to mode of transport, one study reported an
increased mortality in neonates transported by bus as compared to
taxi®> and one study reported 100% survival of babies transported by
fixed-wing aircraft, compared to 70% survival if neonates transported
by specially equipped ground ambulance.?® Two studies on the
compliance and effectiveness of newborn referrals made by

2742 into health facilities demonstrated

community health workers
high compliance and a pivotal role of community health workers in
the neonatal transfer process. One study reported on the quality of
interhospital ambulance neonatal transfers®* and another study
focused on barriers to the effective functioning of referral systems
for newborns,3? reported a lack of ambulance, uncoordinated referral
and communication patterns, family reluctance, and patient costs as
the major aggravating factors to neonatal transfer. Five studies
examined transport modalities (means of transport, the reason for

transfer, transfer delay/detours, and distances traveled)'228-35:3843
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and reported erratic and uncoordinated transfer itinerary, increased
prereferral facility transfer times, prolonged transfer times with
associated high mortality in transferred neonates.

One study assessed the cost-effectiveness of a dedicated
obstetric and neonatal transport service from rural areas to an
established emergency obstetric and neonatal care service and
reported improved neonatal outcomes associated with improved
communication and a highly cost-effective service.

Studies were not uniform in reporting neonatal outcomes—
hypoglycemic, hypothermia, respiratory distress, and cardiovascular
instability associated with the transport process aside from mortality.
The studies that reported on these revealed poor outcomes. Nine
studies reported on hypothermia in transported neonates albeit
having differing definitions of hypothermia. Dicko et al. reported that
99% of the study population had a temperature of <37°C,** with the
other studies reporting abnormal temperatures in 20%-67% of

transported neonates.'22%:3537-39

4 | DISCUSSION

This review summarizes the evidence to date on the transport of
neonates in SSA. It demonstrates huge deficiencies in all the critical
aspects of the neonatal transport service and a lack of adherence to
established standards of transport. Infants delivered in the commu-
nity or lower-level facilities continue to face uncertain journeys to
higher centers of care with unacceptable high morbidities and
mortalities.

A child born in SSA with a NMR of 27 deaths per 1000 live births
in 2022, is 11 times more likely to die in the first month of life than a
child born in the developed world. This is followed by Central and
Southern Asia at 22 deaths per 1000 live births.*

With current high levels of neonatal mortality and only modest
trends in reducing neonatal mortality in SSA, it is unsurprising that
estimates by United Nations International Children's Emergency
Fund project 42 of 48 countries in the region to miss the SDG
neonatal mortality target by 2030. This emphasizes the need to
urgently examine ways to reduce NMRs in the region hand in hand
with a clear awareness of local contextual realities.*”8

This review found neonatal transfers in the whole subregion to
be disorganized. Several studies highlighted the nonexistence of or
lack of adherence to standardized pathways for the transport of sick
newborns. Most transfers were effected without standard prestabi-
lization with poor communication between referring facilities. The
main ethos of neonatal transfer is to keep the neonate stable and
monitored during transfer and to forestall further deterioration on
arrival at the receiving hospital. Most neonates from these studies
were transported in the arms of parents or family members, on public
transport with no monitoring and consequently experienced dis-
proportionately poor outcomes at the receiving facilities. Where
transportation was available, there remained huge concerns about
the preparedness/training as well as the adequacy of accompanying

health workers. An organized neonatal transport service centered
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(Continued)

TABLE 3

Cardiovascular stability

Hypoglycemic

Respiratory distress

Hypothermia

Mortality

Study ID (year)

On arrival, 70.2%

Not analyzed

Abnormal breathing

49% on arrival

7.8%

18. Tette et al.>> (2020)

survivors had a normal

patterns in 62.5%

Ghana

heart rate
41.7% of those who died had

normal heart rates.

Cyanosis 23%

<40mg/dL 7.7%

<35°C 4.4% Gasping 1.8%

Overall mortality 26.1%
Preterm mortality 37.8%

19. Okonkwo et al.*?

Hypoxia 38.3%

40-150 mg/dL 80.7%

<30 breaths/
min 1.8%
>60 breaths/min 40%

35-37.5°C 62.6%

Nigeria

Tachycardia 13.9%

Abbreviation: BP, blood pressure.
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around an organized specialized retrieval team has been associated
with improved outcomes in other studies.*”*® For the SSA region,
there is an urgent need to improve or implement district or
regionalized neonatal referral and transport systems with a capacity
to harness cost-effective measures to meet the demands of the
health system.

Another critical piece of evidence was the acute inadequacy of

relevant basic equipment where transport was available, 243942 the

3

absence of equipment in privately adapted ambulances,®® or state

2 as well as a lack of use of evidence-based cost-

ambulances,*
effective methods of thermal stability.

Improving the conditions of transported sick neonates should
include the prevention of hypothermia by ensuring the availabil-
ity of incubators, radiant heaters, heated water-filled mattresses,
and KMC.*? KMC has been recommended in a Cochrane review
as an effective and safe alternative to conventional neonatal care
for LBW infants, mainly in resource-limited countries.>® A study
by Sontheimer in 2004 reported that infants (preterm n = 20; term
n=11) transported in a KMC position were physiologically stable
and maintained a normal body temperature during ground

t.°1 In the context of limited resources

ambulance transpor
settings such as SSA, the unique benefits of KMC being an
inexpensive method of maintaining physiologic stability during
transport and also fostering parent-infant bonding and breast-
feeding can be harnessed.

An improvement in the overall neonatal outcomes in the
subregion demands a critical understanding of the dynamics of
the entire transfer process within the context of the resources in
the subregion. This starts from the delivery of the neonate
through to the decision to transfer, the transfer itself, and
feedback communication to the referring facility. Evidence from
this review reveals a lack of adequate human resources at all
levels of this process. Reassuringly, the studies on the role of
community health workers in the neonatal care and transfer
process were significant. This reinforces the need to improve
training and skills in neonatal stabilization and early referral by
this cadre of health workers. They could also hold an answer to
circumvent some of the major barriers to the transfer process in
the subregion (family reluctance and patient costs related to
referral) as identified by Teklu et al.>?

Finally, 7 years after the only systematic review in developing
countries was published,'* and halfway into the timeline for the
achievement of the SDG 3 target, SSA still has a disproportionately
high NMR and a dearth of well-planned studies on neonatal
transport. The lack of randomized controlled studies makes the
formulation of context-specific recommendations challenging. Avail-
able studies however reveal a pervasive unstructured, minimally
resourced, and poorly monitored neonatal transport service with
poor outcomes for transported neonates. The lack of dedicated
neonatal transport teams and the heavy reliance on public transport,
yet the lack of use of evidenced-based cost-effective measures of
thermal stability impacts heavily on morbidity and mortality in most
studies.
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5 | CONCLUSION

The neonatal transport process in SSA reveals widespread
inefficiencies, lack of use of standard referral pathways, and yet lack
of evidence on the use of low-cost interventions in such a resource-
constrained setting.

Strengthening the human resource capacity at all levels of care
including the neonatal transport service, improved training and
empowerment of the community health workers, effective triage
and initial stabilization, and communication with referral centers may
hold the key to improving the survival of transported neonates in the
subregion. Large-scale implementation science evaluations for
supplying appropriate transfer modes with low-cost evidence-based
interventions such as KMC are required to assess the short- and long-
term impact of improved neonatal transport on neonatal mortality

and morbidity.

6 | STRENGTHS AND LIMITATIONS

This study summarizes to-date evidence from studies in SSA that
have explored enabling or deterrent activities in the neonatal
transport process. It is the only systematic review that focuses on
SSA as a region in LMICs with unique economic challenges and
therefore provides easily available evidence for researchers from the
subregion. All the steps for conducting and reporting systematic
reviews were rigorously adhered to including registration of the study
protocol. Our results can serve as a guide for designing and reporting
future studies in this field.

There are however many potential limitations. First, only peer-
reviewed articles were included, and no search of the gray literature
was conducted which may mean that additional relevant studies
might have been missed. The wide heterogeneity in the included
primary studies, particularly in sample size, design, definitions, and
focus made it challenging for the pooling of results to enable far-
reaching conclusions. The lack of well-designed studies particularly
randomized control trials in this field in the subregion potentially has

significant effects on the quality of the included studies.

AUTHOR CONTRIBUTIONS

Emmanuel Okai: Conceptualization; data curation; formal analysis;
methodology; writing—original draft; writing—review and editing.
Frankie Fair: Data curation; formal analysis; methodology; supervi-
sion; writing—review and editing. Hora Soltani: Data curation; formal

analysis; supervision; writing—review and editing.

ACKNOWLEDGMENTS

The authors would like to thank Prof. Dilly Anumba, Department of
Oncology and Metabolism, University of Sheffield, UK and Prof.
Eugene Kofuor Maafo Darteh, Department of Population and Health,
University of Cape Coast, Cape Coast, Ghana.

Open Access

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available in the
supplementary material of this article.

ETHICS STATEMENT

This article has been written in accordance with Wiley's Best Practice
Guidelines on Publishing Ethics with no research misconduct.
Approval by a research ethics committee was not required for this
study since the review only included published and publicly
accessible data. Informed consent, written or verbal was not required

for this study.

TRANSPARENCY STATEMENT

The lead author Emmanuel Okai affirms that this manuscript is an
honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted;
and that any discrepancies from the study as planned (and, if relevant,

registered) have been explained.

ORCID

Emmanuel Okai " http://orcid.org/0000-0002-2882-7945

REFERENCES

1. You D, Hug L, Ejdemyr S, et al. Global, regional, and national levels
and trends in under-5 mortality between 1990 and 2015, with
scenario-based projections to 2030: a systematic analysis by the UN
inter-agency group for child mortality estimation. Lancet.
2015;386(10010):2275-2286.

2. UNICEF Data. Levels and Trends in Child Mortality. UNICEF; 2015.

Bhutta ZA, Das JK, Bahl R, et al. Can available interventions end

preventable deaths in mothers, newborn babies, and stillbirths, and

at what cost? Lancet. 2014;384(9940):347-370.

4. Kumar S, Kumar N, Vivekadhish S. Millennium development goals
(MDGS) to sustainable development goals (SDGS): addressing
unfinished agenda and strengthening sustainable development and
partnership. Indian J Community Med. 2016;41(1):1-4.

5. Sharrow D, Hug L, You D, et al. Global, regional, and national trends
in under-5 mortality between 1990 and 2019 with scenario-based
projections until 2030: a systematic analysis by the UN inter-agency
group for child mortality estimation. Lancet Global Health.
2022;10(2):e195-e206.

6. The World Bank. World Bank country and lending groups—World
Bank data help desk. Accessed February 22, 2023. https://
datahelpdesk.worldbank.org/knowledgebase/articles/906519

7. Statista. Sub-Saharan Africa—total population 2011-2021. Accessed
March 6, 2023. https://www.statista.com/statistics/805605/total-
population-sub-saharan-africa/

8. World Bank Group. Where the extreme poor live. Accessed March
31, 2021. https://blogs.worldbank.org/opendata/where-extreme-
poor-live

9. Rosa-Mangeret F, Benski AC, Golaz A, et al. 2.5 million annual
Deaths—are neonates in low- and middle-income countries too small
to be seen? A bottom-up overview on neonatal morbi-mortality.
Trop Med Infect Dis. 2022;7(5):64.

w

85U8017 SUOWILIOD BAEa.D 8|qed![dde 8Ly Aq pausenob ae Ssppie YO ‘SN JO Sa|nJ Joj Aeiq) aulUO A1 UO (SUORIPLOD-PUR-SWUBIAL0D A8 |1 AeIq 1 el |UO//SdNLY) SUORIPUOD PuUe SWwe 1 8y} 89S *[y20z/c0/TT] uo Arigiauliuo A(IM ‘AiseAlun we|leH PR RS Aq 8E6T Z/5U/200T 0T/I0P/UW00 A3 1M AReid 1 puluoy//Saiy Wwoly pepeojumod ‘€ ‘#202 ‘SE8886E2


http://orcid.org/0000-0002-2882-7945
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
https://www.statista.com/statistics/805605/total-population-sub-saharan-africa/
https://www.statista.com/statistics/805605/total-population-sub-saharan-africa/
https://blogs.worldbank.org/opendata/where-extreme-poor-live
https://blogs.worldbank.org/opendata/where-extreme-poor-live

24 of 25 WI LEy_HeaIth Science Reports

10.
11.
12.

13.

14.
15.
16.
17.
18.
19.

20.

21.

22.

23.
24,

25.
26.
27.

28.

29.

OKAI ET AL.

OpenAccess

Horbar JD, Badger GJ, Carpenter JH, et al. Trends in mortality and
morbidity for very low birth weight infants, 1991-1999. Pediatrics.
2002;110(1):143-151.

Niermeyer S, Domek G. Neonatal Transport in Developing Country
Settings: A Systematic Review. Pan American Health Organiza-
tion; 2016.

Okonkwo IR, Imuetinyan abhulimhen-lyoha B, Anene Okolo A.
Newborn transport practices: influence on newborn survival in
Benin City, Nigeria. Am J Pediatr. 2020;6(3):346-352.

Karim AM, Admassu K, Schellenberg J, et al. Effect of Ethiopia's
health extension program on maternal and newborn health care
practices in 101 rural districts: a dose-response study. PloS one.
2013;8(6):€65160.

World Health Organization. Kangaroo Mother Care: A Practical Guide.
Department of Reproductive Health and Research, World Health
Organization; 2003.

Lawn JE, Mwansa-Kambafwile J, Horta BL, Barros FC, Cousens S.
Kangaroo mother care' to prevent neonatal deaths due to preterm
birth complications. Int J Epidemiol. 2010;39(suppl 1):i144-i154.
Moore ER, Bergman N, Anderson GC, Medley N. Early skin-to-skin
contact for mothers and their healthy newborn infants. Cochrane
Database Syst Rev. 2016;11:CD003519.

Johnston C, Campbell-Yeo M, Disher T, et al. Skin-to-skin care for
procedural pain in neonates. Cochrane Database Syst Rev.
2017;2:CD008435.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
Int J Surg. 2021;88:105906.

Hong QN, Pluye P, Fabregues S, et al. Mixed Methods Appraisal Tool
(MMAT), version 2018. Registration of Copyright (#1148552). Cana-
dian Intellectual Property Office, Industry Canada.; 2018.

Popay J, Roberts H, Sowden A, et al. Guidance on the Conduct of
Narrative Synthesis in Systematic Reviews: A Product From the
ESRC Methods Programme Version. Vol 1. Lancaster University;
2006:b92.

Mmbaga BT, Lie RT, Kibiki GS, Olomi R, Kvale G, Daltveit AK.
Transfer of newborns to neonatal care unit: a registry-based study in
Northern Tanzania. BMC Pregnancy Childbirth. 2011;11(1):68.
Tayler-Smith K, Zachariah R, Manzi M, et al. An ambulance referral
network improves access to emergency obstetric and neonatal care
in a district of rural Burundi with high maternal mortality. Trop Med
Int Health. 2013;18(8):993-1001.

Moher D, Liberati A, Tetzlaff J, Altman DG, for the PRISMA Group.
Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. BMJ. 2009;339:b2535.

Roux JC, Nolte AG, Muller ME. Study of the quality of interhospital
transport of sick neonates by selected ambulances in the Witwa-
tersrand area. Curationis. 1989;12(3-4):34-37.

De Vries S, Wallis LA, Maritz D. A retrospective evaluation of the
impact of a dedicated obstetric and neonatal transport service on
transport times within an urban setting. Int J Emerg Med. 2011,
4(1):28.

Ashokcoomar P, Naidoo R. An analysis of inter-healthcare facility
transfer of neonates within the eThekwini health district of
KwaZulu-Natal. Afr J Emergency Med. 2013;3:54. doi:10.1016/J.
AFJEM.2013.08.006

Nsibande D, Doherty T, ljumba P, et al. Assessment of the uptake of
neonatal and young infant referrals by community health workers to
public health facilities in an urban informal settlement, KwaZulu-
Natal, South Africa. BMC Health Serv Res. 2013;13(1):47.

Pieper CH, Smith J, Kirsten GF, Malan P. The transport of neonates
to an intensive care unit. S Afr Med J. 1994;84(11 suppl):801-803.
Njokanma F, Fagbule D. Outcome of referred neonates weighing
less than 2500 g. Trop Geogr Med. 1994,46(3):172-174.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Abdulraheem MA, Tongo OO, Orimadegun AE, Akinbami OF.
Neonatal transport practices in Ibadan, Nigeria. Pan Afr Med J.
2016;24:216.

Olukemi T, Abdulraheem MA, Orimadegun AE, Felix OA. Immediate
outcomes of neonatal transport in a tertiary hospital in South-west
of Nigeria. Global J. Pediatr Neonatal Care. 2020;2:1-6. doi:10.
33552/GJPNC.2020.02.000529

Teklu AM, Litch JA, Tesfahun A, et al. Referral systems for preterm,
low birth weight, and sick newborns in Ethiopia: a qualitative
assessment. BMC Pediatr. 2020;20(1):409.

Accorsi S, Somigliana E, Solomon H, et al. Cost-effectiveness of an
ambulance-based referral system for emergency obstetrical and
neonatal care in rural Ethiopia. BMC Pregnancy Childbirth.
2017;17(1):220.

Enweronu-Laryea CC, Nkyekyer K, Rodrigues OP. The impact of
improved neonatal intensive care facilities on referral pattern and
outcome at a teaching hospital in Ghana. J Perinatol. 2008;28(8):
561-565.

Tette EMA, Nuertey BD, Akaateba D, Gandau NB. The transport and
outcome of sick outborn neonates admitted to a regional and district
hospital in the upper west region of Ghana: a cross-sectional study.
Children. 2020;7(3):22.

Ndiaye O, Diallo D, Diouf S, et al. Neonatal mortality associated with
transfer of low birth weight newborns. Assessment of a neonatal
care unit of Dakar. Dakar Med. 2003;48(1):7-11.

Faye PM, Dieng YJ, Diagne-Guéye NR, et al. Problématique des
transferts néonatals dans la région de Dakar (Sénégal). Revue de
médecine périnatale. 2016;8(2):94-102.

Nlend AE, Zeudja C, Nsoa L. Transfer and transport of newborn
babies in vital distress in yaoundé, Cameroon: situational
analysis conducted in a reference hospital. Pan Afr Med J.
2016;25:214.

Katamea T, Mukuku O, Kamona L, et al. Mortality risk factors in
newborns transferred to the neonatal unit of the Hospital Jason
Sendwe Lubumbashi, DR Congo. Pan Afr Med J. 2014;19:169.
Sory DI, Sory D, N'fanly C, et al. Neonatal mortality associated
with the referral of low birth weight newborns to the Institute of
Child Nutrition and Health (INSE). Open J Pediatr. 2019;09(4):
287-295.

Dicko TF, Sylla M, Diakité AA, et al. Problems of neonatal transfer to
the pediatric service of the CHU Gabriel touré of Bamako. Mali Med.
2010;25(4):25-28.

Nalwadda CK, Waiswa P, Kiguli J, et al. High compliance with
newborn community-to-facility referral in eastern Uganda: an
opportunity to improve newborn survival. PloS one. 2013;
8(11):e81610.

Ashokcoomar P, Naidoo R. An analysis of inter-healthcare facility
transfer of neonates within the eThekwini health district of
KwaZulu-natal, South Africa. S Afr Med J. 2016;106(5):514-518.
Ravikumar SP, Kaliyan A, Jeganathan S, Manjunathan R. Post-
transport TOPS score as a predictive marker of mortality among
transported neonates and its comparative analysis with SNAP-II PE.
Heliyon. 2022;8(8):e10165.

Morse S, Groer M, Shelton MM, Maguire D, Ashmeade T. A
systematic review: the utility of the revised version of the score for
neonatal acute physiology among critically ill neonates. J Perinat
Neonatal Nurs. 2015;29(4):315-344.

United Nations Inter-agency Group for Child Mortality Estimation
(UN IGME). Levels and Trends in Child Mortality (UN IGME), Report
2022. UN IGME; 2023.

Chang AS, Berry A, Jones LJ, Sivasangari S. Specialist teams for
neonatal transport to neonatal intensive care units for prevention of
morbidity and mortality. Cochrane Database Syst Rev. 2015;2015(10):
CDO007485.

85U8017 SUOWILIOD BAEa.D 8|qed![dde 8Ly Aq pausenob ae Ssppie YO ‘SN JO Sa|nJ Joj Aeiq) aulUO A1 UO (SUORIPLOD-PUR-SWUBIAL0D A8 |1 AeIq 1 el |UO//SdNLY) SUORIPUOD PuUe SWwe 1 8y} 89S *[y20z/c0/TT] uo Arigiauliuo A(IM ‘AiseAlun we|leH PR RS Aq 8E6T Z/5U/200T 0T/I0P/UW00 A3 1M AReid 1 puluoy//Saiy Wwoly pepeojumod ‘€ ‘#202 ‘SE8886E2


https://doi.org/10.1016/J.AFJEM.2013.08.006
https://doi.org/10.1016/J.AFJEM.2013.08.006
https://doi.org/10.33552/GJPNC.2020.02.000529
https://doi.org/10.33552/GJPNC.2020.02.000529

OKAI ET AL

Health Science Reports

48.

49.

50.

51.

Belway D, Henderson W, Keenan SP, Levy AR, Dodek P. Do
specialist transport personnel improve hospital outcome in critically
ill patients transferred to higher centers? A systematic review. J Crit
Care. 2006;21(1):8-17.

Sundrani EJ, Katariya U, Mulye S, Yadav D, Patel DS, Sundrani O.
Effect of current neonatal transport services on short-term outcome
of outborn neonates. J Evol Med Dent Sci. 2019;8(1):81-87.
Conde-Agudelo A, Belizdn JM, Diaz-Rossello J. Cochrane review:
Kangaroo mother care to reduce morbidity and mortality in low
birthweight infants. Evidence-Based Child Health Cochrane Rev J.
2012;7(2):760-876.

Sontheimer D, Fischer CB, Buch KE. Kangaroo transport instead of
incubator transport. Pediatrics. 2004;113(4):920-923.

—Wl LEY 25 of 25

Open Access

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Okai E, Fair F, Soltani H. Neonatal
transport practices and effectiveness of the use of low-cost
interventions on outcomes of transported neonates in Sub-
Saharan Africa: a systematic review and narrative synthesis.
Health Sci Rep. 2024;7:€1938. doi:10.1002/hsr2.1938

85U8017 SUOWILIOD BAEa.D 8|qed![dde 8Ly Aq pausenob ae Ssppie YO ‘SN JO Sa|nJ Joj Aeiq) aulUO A1 UO (SUORIPLOD-PUR-SWUBIAL0D A8 |1 AeIq 1 el |UO//SdNLY) SUORIPUOD PuUe SWwe 1 8y} 89S *[y20z/c0/TT] uo Arigiauliuo A(IM ‘AiseAlun we|leH PR RS Aq 8E6T Z/5U/200T 0T/I0P/UW00 A3 1M AReid 1 puluoy//Saiy Wwoly pepeojumod ‘€ ‘#202 ‘SE8886E2


https://doi.org/10.1002/hsr2.1938

	Neonatal transport practices and effectiveness of the use of low-cost interventions on outcomes of transported neonates in Sub-Saharan Africa: A systematic review and narrative synthesis
	1 BACKGROUND
	1.1 Rationale

	2 METHODS
	2.1 Literature search
	2.2 Inclusion criteria
	2.3 Exclusion criteria
	2.4 Definitions
	2.5 Data extraction
	2.6 Quality appraisal
	2.7 Data summary and synthesis

	3 RESULTS
	3.1 Study characteristics
	3.2 Quality assessment
	3.3 Synthesis of results
	3.4 Mode of transport: Organized versus self-transport
	3.5 Neonatal care and access within health facilities

	4 DISCUSSION
	5 CONCLUSION
	6 STRENGTHS AND LIMITATIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	TRANSPARENCY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




