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Abstract

Background Preterm birth complications result in > 1 million child deaths annually, mostly in low- and middle-
income countries. A World Health Organisation (WHO)-led trial in hospitals with intensive care reported reduced mor-
tality within 28 days among newborns weighing 10001799 g who received immediate kangaroo mother care (iKMC)
compared to those who received standard care. Evidence is needed regarding the process and costs of implementing
iKMC, particularly in non-intensive care settings.

Methods We describe actions undertaken to implement iKMC, estimate financial and economic costs of essential
resources and infrastructure improvements, and assess readiness for newborn care after these improvements at five
Ugandan hospitals participating in the OMWaNA trial. We estimated costs from a health service provider perspective
and explored cost drivers and cost variation across hospitals. We assessed readiness to deliver small and sick newborn
care (WHO level-2) using a tool developed by Newborn Essential Solutions and Technologies and the United Nations
Children’s Fund.

Results Following the addition of space to accommodate beds for iKMC, floor space in the neonatal units ranged
from 58 m? to 212 m?. Costs of improvements were lowest at the national referral hospital (financial: $31,354; eco-
nomic: $45,051; 2020 USD) and varied across the four smaller hospitals (financial: $68,330-$95,796; economic: $99,430-
$113,881). In a standardised 20-bed neonatal unit offering a level of care comparable to the four smaller hospitals, the
total financial cost could be in the range of $70,000 to $80,000 if an existing space could be repurposed or remod-
elled, or $95,000 if a new unit needed to be constructed. Even after improvements, the facility assessments demon-
strated broad variability in laboratory and pharmacy capacity as well as the availability of essential equipment and
supplies.

*Victor Tumukunde and Charity Kirabo-Nagemi contributed equally as joint
second authors.

'Elizabeth Ekirapa-Kiracho, Catherine Pitt and Joy E. Lawn contributed equally
as joint senior authors.

*Correspondence:

Melissa M. Medvedev

Melissa.Medvedev@ucsf.edu

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-023-09624-z&domain=pdf
http://orcid.org/0000-0003-3457-8452

Medvedev et al. BMC Health Services Research (2023) 23:613

Page 2 of 16

and specialised staff for newborn care are unavailable.

Service readiness

Conclusions These five Ugandan hospitals required substantial resource inputs to allow safe implementation of
iKMC. Before widespread scale-up of iKMC, the affordability and efficiency of this investment must be assessed, con-
sidering variation in costs across hospitals and levels of care. These findings should help inform planning and budget-
ing as well as decisions about if, where, and how to implement iIKMC, particularly in settings where space, devices,

Trial registration ClinicalTrials.gov, NCT02811432. Registered: 23 June 2016.
Keywords Kangaroo mother care, Preterm, Low birthweight, Newborn care, Implementation, Intervention costs,

Background

Each year, nearly 15 million babies are born preterm
(<37 weeks’ gestation) [1]. Preterm birth rates are rising,
with the highest risk in sub-Saharan Africa [1, 2]. Com-
plications of prematurity result in > 1 million child deaths
annually [3], mostly in low- and middle-income countries
(LMICQ). At least 1 million survivors of preterm birth suf-
fer from moderate or severe neurodevelopmental impair-
ment [4]. Furthermore, neonatal conditions are the
leading cause of disability-adjusted life-years worldwide,
contributing 7% in 2019 [5]. Addressing the global bur-
den of preterm birth is crucial to achieving Sustainable
Development Goal 3 to ensure healthy lives and promote
wellbeing [6]. Given slow progress in neonatal mortal-
ity reduction, the United Nations launched a new Every
Newborn Action Plan target to ensure that by 2025, 80%
of districts have a hospital with a newborn special care
unit, including thermal support with kangaroo mother
care (KMC); assisted feeding and intravenous (IV) flu-
ids; safe oxygen administration; and management of sep-
sis, jaundice, apnoea, and respiratory distress, including
with continuous positive airway pressure (CPAP) [7].
Estimates suggest that achieving 95% coverage of high-
quality special care (level-2) or intensive care (level-3) in
81 high-burden countries could prevent 750,000 neonatal
deaths annually and dramatically reduce mortality due to
prematurity [8].

KMC is an evidence-based intervention involving
prolonged skin-to-skin contact, promotion of exclusive
breastmilk feeding, facilitation of early hospital dis-
charge, and adequate support and follow-up at home
[9]. KMC is associated with decreased mortality, sep-
sis, hypothermia, and hypoglycaemia [10, 11], as well
as possible long-term benefits to intellectual quotient
[12], when initiated in stabilised babies. However, the
majority of neonatal deaths occur within 48 h of birth
[13], before clinical stabilisation. Establishing the mor-
tality impact of KMC initiated before stabilisation is
therefore a research priority [14, 15], which several
recently completed randomised controlled trials (RCT)

sought to address [16—18]. The World Health Organisa-
tion (WHO) Immediate KMC Study, conducted in five
tertiary-level hospitals with intensive care, reported
reduced mortality at 28 days among newborns weigh-
ing 1000-1799 g (g) who received immediate KMC
(iKMC) relative to those who received standard care
with KMC initiated after stabilisation [17]. These prom-
ising findings have spurred calls for widespread adop-
tion of iKMC, even though more than three-quarters
of neonates in sub-Saharan Africa and southern Asia
lack access to intensive care [19]. In November 2022,
the WHO released new guidelines for the care of pre-
term and low birthweight (<2500 g) infants, which
include a shift to recommending that iKMC be initiated
within 24 h of birth, before stabilisation, at all levels of
facility-based newborn care [20]. These guidelines also
highlight the need for special and intensive care units
that care for babies and mothers together. Evidence is
therefore needed regarding the process and costs of
successfully implementing iKMC and how these vary
across contexts, including in hospitals without neonatal
intensive care [16, 18].

We aim to inform decisions about if, where, and how
to implement iKMC by analysing baseline data from
OMWaNA, a pragmatic RCT evaluating the mortality
impact of KMC initiated before stabilisation compared
to standard care in Uganda. Specifically, the objectives
of this analysis are to: i) describe the actions under-
taken to safely implement facility-based iKMC before
the start of the trial; ii) estimate the financial and eco-
nomic costs of these essential resources and infrastruc-
ture improvements; and iii) assess service readiness for
small and sick newborn care following these improve-
ments at five hospitals in Uganda. Our purpose is
to provide evidence on the process and costs of the
required improvements to allow safe implementation
of iKMC. We consider the generalisability of our find-
ings to other hospitals in LMICs and the implications
for scale-up of iKMC in contexts without neonatal
intensive care.
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Methods

The protocol for the OMWaNA trial has previously been
published [16]. This analysis has been reported in accord-
ance with the Standards for Reporting Implementation
Studies (StaRI) statement [21]. The StaRI checklist is
available in Additional file 1.

Study setting

The OMWaNA trial was led by the Medical Research
Council/Uganda Virus Research Institute (MRC/UVRI)
and London School of Hygiene & Tropical Medicine
(LSHTM) Uganda Research Unit in Entebbe, in collabo-
ration with Makerere University and LSHTM. The trial
was conducted in five government hospitals in Uganda:

+ Entebbe Regional Referral Hospital (Hospital-1)

+ Iganga District Hospital (Hospital-2)

+ Jinja Regional Referral Hospital (Hospital-3)

+ Kawempe National Referral Hospital (Hospital-4)

» Masaka Regional Referral Hospital (Hospital-5)

Prior to the OMWaNA study, each hospital had a new-
born special care unit, hereafter referred to as ‘neonatal
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unit, that accepted referrals from their respective catch-
ment area. The availability of equipment in these facili-
ties varied, but all had incubators and/or radiant heaters,
oxygen supply, and standard operating procedures for
clinical management, including respiratory distress,
apnoea, infection, seizures, hypothermia, and hypogly-
caemia. Most facilities met WHO level-2 criteria (Fig. 1),
although at the start of the study, few were consistently
practicing CPAP. Recruitment began at Hospitals 1, 2, 3,
and 5 in November 2019. In March 2020, the Ugandan
government designated Hospital-1 as a COVID-19 quar-
antine facility and recruitment was stopped at that site.
Hospital-4 was subsequently added as a site, commenc-
ing recruitment in October 2020.

Renovations and improvements to the neonatal units

We describe key infrastructure improvements and clini-
cal equipment provided to health facilities prior to ini-
tiation of the trial based on study and hospital records.
Overall infrastructure improvements are classified in the
following categories:

+ Repurposing: reallocation of existing space within
the hospital to the neonatal unit or KMC area

Level 1
Immediate and essential
newborn care

Immediate newborn care’

Neonatal resuscitation (for those who need it)

Early initiation and support for exclusive breastfeeding
Routine newborn care”

Prevention of mother-to-child transmission of HIV
Assessment, management, and referral of complications’
Pre-discharge advice on mother and baby care and follow-up

Level 2
Newborn special care

anaemia

Thermal care (e.g., incubators, radiant heaters)

Kangaroo mother care

Assisted feeding (e.g., nasogastric tube, cup, syringe)

Safe administration of oxygen

Prevention of apnoea for preterm neonates

Detection and management of neonatal infection

Detection and management of hypoglycaemia, jaundice, and

Management of neonatal seizures
Safe administration of intravenous fluids
Detection and referral management of birth defects

Transition to intensive

Continuous positive airway pressure (CPAP)*
Exchange transfusion*

Neonatal intensive care

care Detection and management of necrotising enterocolitis*
Specialised follow-up of high-risk infants*
Advanced feeding support (e.g., parenteral nutrition)
Mechanical/assisted ventilation, including intubation
Level 3 Screening and treatment for retinopathy of prematurity

Surfactant treatment

Investigation and management of birth defects
Paediatric surgery

Genetics services

Fig. 1 Inpatient care for small and sick newborns: WHO standards by level of care. HIV = human immunodeficiency virus. ‘Including drying,
skin-to-skin contact with the mother, delayed cord clamping, and hygienic cord care. “Including Vitamin K, eye care, vaccinations, weighing, and
clinical examinations. fIncluding bacterial infections, jaundice, diarrhoea, feeding problems, birth defects, and other problems. *Hospitals providing
special care should introduce these interventions before upgrading to intensive care. Figure adapted from ‘Survive and Thrive: Transforming care for

every small and sick newborn’(2019) [8]
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« Extension/remodelling: major improvements to
existing neonatal unit or KMC area, including con-
struction of an extension to create additional space

« Construction of new unit: construction of a new
neonatal unit, entirely separate from an existing unit

Estimates of neonatal unit floor space (metres squared,
mz) after improvements are presented in total, per neo-
natal bed, and per neonatal admission. The latter were
estimated using the total number of neonatal beds (cots,
incubators, radiant heaters) and the number of annual
neonatal admissions divided by 365 days, respectively.

Financial and economic costs of infrastructure
improvements and clinical equipment

We estimated the financial and wider economic costs of
the essential resources provided to the five neonatal units
to allow them to implement iKMC safely. Financial costs
reflect actual monies paid (or expenditure). Economic
costs reflect the full value of all resources used; they
therefore encompass both financial costs and the value
of donated resources and volunteer time. Costs were esti-
mated from a health service provider perspective. Data
on resource use and unit and total costs were collected
from hospital records and the project and accounting
records of the OMWaNA trial at MRC/UVRI, then col-
lated into an Excel-based costing tool for each hospital.
We costed inputs and resources used for: 1) planning and
design, 2) infrastructure improvements, 3) clinical equip-
ment, and 4) training hospital staff on KMC and clinical
guidelines (Table 1).

To estimate the economic costs of time spent by hos-
pital and MRC staft during planning, design, and train-
ing activities, key informants were interviewed at MRC/
UVRI and at the hospitals. We assumed that the oppor-
tunity cost of staff members’ time was equivalent to their
pro-rated salaries in terms of hours spent conducting
the planning, design, and training activities. The dura-
tion of time spent by hospital and MRC staff was based
on the MRC engineer’s records of meetings and other
activities. Salaries were obtained from project accounts

Table 1 Cost categories
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for MRC staff and the Uganda Health Service Commis-
sion Circular No. 8 salary scale (2020) for hospital staff.
We assumed an 8-h workday and 22 working days per
month. The financial costs charged to the project for
planning and design activities were estimated using a rate
of United States Dollars (USD) $21 per person-hour. The
financial costs of using MRC/project vehicles were esti-
mated at a rate of $1.22 per kilometre travelled to and
from the hospital sites. The rate covered fuel and main-
tenance while the opportunity cost was assumed to be
equal to the cost of hire, fuel, and maintenance for com-
parable vehicles. The opportunity cost of renting train-
ing rooms was estimated at a daily rate of $41 per room,
using the Uganda Public Procurement and Disposal of
Public Assets price list (2020).

Floor space at the five hospitals was expanded in dif-
ferent ways. Where a new neonatal unit or extension to
an existing unit was constructed, the financial costs of
these building works were considered also to reflect the
economic costs of this investment. Where existing space
within the hospital was reallocated to the neonatal unit,
this renovated space did not incur a financial cost; we
therefore estimated the total economic costs based on the
financial cost per m? to construct a new space of equiva-
lent size. Additional economic costs for donated space
reflect the difference between this estimate of the total
economic costs and the actual financial costs incurred for
renovation activities.

We present the total financial costs and annualised
economic costs of improvements per hospital, per neo-
natal bed, and per annual neonatal admission. Under-
standing total financial costs is important for planning
and understanding budget impact. Annualised economic
costs take into account the depreciation of capital inputs
as well as the value of alternative (foregone) opportuni-
ties for using the resources tied up in the capital inputs
(i.e., opportunity cost) [22]. Annualised economic costs
are important for informing understanding of the effi-
ciency of the investment compared with other potential
uses of those resources, considering the expected lifes-
pans of the different elements of the up-front invest-
ments. We explore key cost drivers and variation in costs
across the hospitals.

« Planning and design costs: staff time during contract drafting, inception, initial and interim site and closure meetings, tendering, scoping, site sur-
vey, and inspection; transportation costs for site survey, inspection, and meetings

« Infrastructure improvement costs: financial costs of materials, labour, and transportation used in the construction, remodelling, and repurposing of
space for neonatal units; rental of office space at MRC/UVRI for 3 months of setup activities

« Equipment costs: purchase of clinical equipment; clinical supplies were excluded from this analysis

«Training costs: trainers'time spent preparing for and attending the training; monies spent on training materials, lunch, and transport refund for train-

ees; accommodation, meals, and transport for trainers
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Costs are presented in 2020 USD and Ugandan Shil-
lings (UGX; see Supplementary Table 1, Additional
file 2). No inflation adjustments were necessary, as all
resources were purchased or used in the same year.
Currencies were converted using World Bank average
exchange rates for 2020 ($1=UGX 3,641=£0.72) [23].
Costs were annualised using a discount rate of 3% [24],
and assumptions about the lifespan of capital improve-
ments, equipment, and activities. The life expectancy of
equipment was informed by interviewing officials from
the National Medical Stores and Joint Medical Stores,
which are the bodies mandated to procure medicines,
supplies, and equipment in Uganda. Cost analyses were
conducted in Microsoft Excel.

Health facility assessments
Following completion of renovations and improvements,
we assessed the readiness of the five hospitals to deliver
care for small and sick newborns. We used a health facil-
ity assessment (HFA) tool that was developed by New-
born Essential Solutions and Technologies (NEST360),
in partnership with the United Nations Children’s Fund
(UNICEF), through a multi-stage process [25]. Briefly, a
matrix of service readiness requirements was expanded
to include 870 items [26], in line with WHO standards
for improving the quality of neonatal care [27], then
compared against existing obstetric and neonatal ser-
vice assessment tools. A novel HFA tool was co-designed
with four African government teams to collect data
necessary for WHO level-2 care and enable data collec-
tion in one day. The resultant tool comprises four mod-
ules (facility and neonatal unit infrastructure; medical
devices and supplies; human resources; information
systems), with a total of 3,610 variables, restructured by
WHO health system building block [19, 28]. Complete
details regarding the development of this tool will be
reported elsewhere [25].

Facility assessments took place at Hospitals 1, 2, 3, and
5 in February 2020 and at Hospital-4 in October 2020.
All HFAs were conducted by the same team, comprised
of one study medical officer, four study nurses, and one
biomedical engineer from Uganda, who completed a
5-day training in January 2020. This training included a
detailed review of objectives, tools, and data collection
procedures, as well as practice conducting HFAs and
collecting data using an Android tablet-based REDCap
(Research Electronic Data Capture, Nashville, TN, USA)
application. The data collectors confirmed the presence
and functionality of items located in clinical areas, and
orally asked pharmacy staff to assess the availability of
drugs. Data from tablets were synchronised over a secure
connection with the web-based REDCap database [29],
hosted at the MRC/UVRI data centre. Data from the
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infrastructure and medical devices and supplies modules
were summarised using descriptive statistics, including
frequency, proportion, mean, standard deviation (SD),
median, and interquartile range (IQR). Annual volumes
of deliveries, admissions, referrals, and transfers reflect
total numbers in the preceding calendar year. The results
are organised by WHO health system building block.
HFA analyses were conducted using Stata 15.1 (Stata-
Corp, College Station, TX, USA).

Results

Actions undertaken to implement immediate KMC
Substantial infrastructure improvements and expansion
of neonatal care capacity were required at all study hos-
pitals to safely implement iKMC. The renovation process
at the five study hospitals included the addition of floor
space to improve the neonatal units and accommodate
adult beds for KMC through repurposing or remodelling
of existing space, or construction of a new unit. At Hospi-
tal-3, an extension to the existing neonatal unit was con-
structed, which increased floor space by 124% (Table 2).
At Hospital-5, a new neonatal unit was constructed,
which increased floor space by 98%. At Hospitals 1 and 2,
existing space within the hospital was reallocated to the
neonatal unit, increasing floor space by 18% and 142%,
respectively. At Hospital-4, existing space within the neo-
natal unit was reallocated to the KMC area, but the floor
space of the neonatal unit did not change.

Following these improvements, total floor space in
the neonatal units ranged from 58 m?” at Hospital-2, a
district-level facility, to 212 m? at Hospital-4, a national
referral facility (Table 2, see Additional file 3). Floor space
per neonatal bed ranged from 2.0 m? at Hospital-4 to 6.7
m? at Hospital-1, a regional referral facility. Floor space
per daily neonatal admission ranged from 11.4 m? at
Hospital-4 to 100.0 m? at Hospital-5, a regional referral
facility. Renovations also included the addition of offices
for clinical staff (Hospitals 1, 2, 3, and 5), the addition of
bathrooms and toilets for mothers and other caregivers
(Hospitals 3 and 5), installation of sinks in clinical areas
to promote infection prevention and control (Hospitals 1,
3, and 5), and installation of piped oxygen in the KMC
area (Hospital-4).

Four members of staff from MRC/UVRI (one engineer,
one trial coordinator, one site coordinator, and one pro-
curement officer) were involved in planning, design, con-
tract drafting, tendering, scoping, of the improvements,
as well as initial and interim site and closure meetings,
site survey, and inspection, supported by one driver from
MRC/UVRI. An administrator from each of the five hos-
pitals was involved in meetings, site survey, and inspec-
tion. The engineer, trial coordinator, site coordinator,
procurement officer, hospital administrators, and drivers
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Table 2 Floor space before and after renovation in neonatal units at five hospitals in Uganda

Hospital-1 Hospital-2  Hospital-3  Hospital-4  Hospital-5
Type of hospital Regional District Regional National Regional
Neonatal unit beds? n 14 17 30 106 16
Average daily neonatal admissions®, n 14 26 6.7 186 1.0
Total floor space pre-renovation, m? 80 24 80 212 50
Floor space per bed pre-renovation®, m? 5.7 14 2.7 20 3.1
Floor space per daily neonatal admission pre-renovation®, m? 584 93 12.0 14 50.5
Total floor space post-renovation, m? 94 58 179 212 99
Floor space per bed post-renovationS, m? 6.7 34 6.0 2.0 6.2
Floor space per daily neonatal admission post-renovation®, m? 68.6 226 269 14 100.0
Change in total floor space, % 17.5 141.7 1238 0 98.0
Change in floor space per bed<, % 17.5 1429 1222 0 100.0
Change in floor space per daily neonatal admission?, % 17.5 1430 124.2 0 98.0
Financial cost of infrastructure improvements per m? (constant 2020 USD) 305.7 512.8 173.3 54 476.7

m?=metres squared. USD = United States Dollars

2Total capacity of neonatal unit if one baby per bed (including cots, radiant heaters, and incubators)

b Calculated as the number of annual neonatal admissions divided by 365 days

€ Calculated as the total floor space divided by the number of neonatal unit beds (including cots, incubators, and radiant heaters)

d Calculated as the total floor space divided by the daily average of annual neonatal admissions

€ Calculated as the financial cost of infrastructure improvements divided by the total floor space post-renovation

were estimated to have spent a total of 898, 290, 91, 456,
201, and 104 person-hours, respectively, on planning and
design activities for all five sites.

All hospital staff completed a comprehensive, 5-day
training programme on small and sick newborn care that
was developed using established UNICEF and WHO
protocols. This programme included Helping Babies
Breathe, a neonatal resuscitation curriculum designed
for low-resource settings [30, 31]. All hospitals were also
provided with essential equipment and supplies to sup-
port the provision of KMC and small and sick newborn
care (see Supplementary Table 2, Additional file 2).

Financial and economic costs of infrastructure
improvements and clinical equipment

Total costs of improvements

The overall economic cost of improvements in the five
hospitals was $461,296, varying from $45,051 at Hospi-
tal-4 to $113,881 at Hospital-5 (Table 3). Additional eco-
nomic costs (i.e., opportunity costs) comprised the largest
share of total economic costs at Hospital-2 ($31,955, 31%)
and Hospital-1 ($31,100, 31%), largely driven by the value
of donated space (Fig. 2). Infrastructure improvements
comprised the largest portion of total economic costs at
Hospital-5 ($47,189, 41%). At Hospital-4, infrastructure
improvement costs were minimal ($1,142, 3%) because
the hospital had been recently constructed. Planning and
design comprised the largest share of costs at Hospital-3
($38,733, 39%) and Hospital-4 ($26,286, 58%). Costs of

clinical equipment were lower at Hospital-4 ($3,926, 9%),
which already had some of the necessary equipment,
but similar across the other hospitals (range: $10,315,
$11,307).

Infrastructure setup costs primarily reflected the build-
ing, remodelling, and repurposing of the neonatal units
(Table 3). Specific resource use varied across hospi-
tals, but included demolition works and the installation
of swing doors, aluminium partitions, window blinds,
worktops, and electrical fixtures at one or more hospi-
tals. Rental of office space at MRC/UVRI was required
for two staff members who coordinated planning, design,
and setup activities; these costs were attributed equally
across the four hospitals involved at the start of the trial.
Clinical setup costs included the purchase of equipment
and durable goods that were essential to allow safe imple-
mentation of iKMC, in accordance with the trial proto-
col [16]. These resources included adjustable KMC beds,
oxygen concentrators, pulse oximeters, weighing scales,
and resuscitation manikins (Table 3; Supplementary
Table 2, Additional file 2). Consumable supplies, such
as adhesive pulse oximetry sensors, glucose test strips,
nasal cannulas, and KMC wraps were purchased but not
included in the tables, as they are recurrent costs. Train-
ing costs varied according to the number of staff trained,
their level of experience, the cost of training materials
and meals, and the distance travelled by trainees to the
training site. The number of staff trained ranged from
6 to 12 per site. Accommodation ($28 per person per
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night) and meal costs ($10 per person per day) for the
trainers were similar across Hospitals 2, 3, and 5, but
were lower at Hospital-1, which was located near MRC/
UVRI offices, and at Hospital-4, which did not receive
training because the trained staff from Hospital-1 were
transferred to Hospital-4 following site closure. Trans-
portation costs were higher for Hospital-2, which is the
furthest from Entebbe/Kampala.

At Hospitals 3 and 5, where a new neonatal unit or an
extension to an existing unit was constructed, the finan-
cial costs of these building works were considered to
reflect the total economic costs of these investments. At
Hospitals 1 and 2, where existing space within the hospital
was reallocated to the neonatal unit, the total economic
costs were based on the financial cost to construct a new
space of equivalent size, estimated using the financial cost
at Hospital-5 ($477 per m? Table 2). Additional economic
costs for donated space, which reflect the difference
between the total financial costs and the actual financial
costs of renovation activities, were $13,392 at Hospital-2
(34 m?) and $16,219 at Hospital-1 (94 m? Table 3).

Annualised economic costs of improvements, unit costs,

and cost variation

The annualised economic costs of improvements ranged
from $3,837 at Hospital-4 to $8,935 at Hospital-5
(Table 3). Necessary improvements at Hospital-4, the
national referral hospital, cost approximately 54% to 57%
less in total annualised economic costs than at the other
hospitals because it was a higher-level hospital requiring
fewer renovations and less clinical equipment to meet
the minimum standard. Per annual neonatal admission,
these annualised economic costs ranged from a low of $1
at Hospital-4 to $25 at Hospital-5 (Table 4). Annualised
costs per neonatal bed ranged from $36 at Hospital-4 to
$587 at Hospital-1. Per neonatal bed, costs at Hospital-4
were 87 to 94% lower than at the other hospitals because
these already lower costs of improvement were spread
over a larger number of neonatal beds (#=106) com-
pared to the other hospitals (range: 14—30).

For the four hospitals with broadly comparable num-
bers of neonatal beds, the costs of improvements varied
(Fig. 3), with construction of a new unit in Hospital-5
(financial: $95,796; economic: $113,881) more expensive
than remodelling at Hospital-3 (financial: $80,851; eco-
nomic: $99,450), which in turn was more expensive than
repurposing an existing space at Hospital-1 and Hos-
pital-2 (financial: $68,330, $71,529; economic: $99,430,
$103,484).

Health facility assessments
Across all five hospitals, a median of 6,937 (IQR: 6,000—
7,500; Table 4) babies were delivered annually. Delivery
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volumes were highest at Hospital-4 (n=21,606) and lowest
at Hospital-1 (n=2,000). A median of 938 (IQR: 500-2,432)
neonates were admitted annually across the five hospitals.
The number of neonates admitted annually was highest at
Hospital-4 (n=6,782) and lowest at Hospital-5 (n=360). A
median of 90 (IQR: 60-978) neonates were referred to the
five hospitals and 10 (IQR: 10-15) neonates were trans-
ferred from the five hospitals annually. The median number
of total hospital beds and neonatal unit beds, respectively,
were 300 (IQR: 200-500) and 17 (IQR: 16-30).

We present key findings of the HFAs, which were con-
ducted following the necessary improvements, organised
by WHO health system building block (Fig. 4). All hos-
pitals were connected to the electrical grid and four of
the five had experienced at least one power outage in the
preceding 7 days (see Supplementary Table 3, Additional
file 2). All hospitals had a functional fuel-operated gen-
erator for backup power but only two had solar power.
Across the five neonatal units, four had an area for high-
risk babies, three had an area for stable babies, one had
an isolation area for babies born in the hospital, two had
an isolation area for babies born outside the hospital, and
three had an area for examination and triage of newly
admitted babies. Routine water shortages were uncom-
mon, and most neonatal units had a reliable backup water
source. All units had functional sinks with soap, and all
hospitals had a functional autoclave. Laboratory capac-
ity was limited (see Supplementary Table 4, Additional
file 2), with few hospitals able to perform blood and cer-
ebrospinal fluid cultures (n=1), antibiotic sensitivities
(n=1), and serum bilirubin testing (n=2) on site. There
was wide variability in the availability of pharmaceutical
products (see Supplementary Table 5, Additional file 2).
All units reported stockouts of essential medications for
newborn special care (e.g., gentamicin, phenobarbital)
and two reported stockouts of Vitamin K, a component
of routine newborn care (WHO level-1) [8], in the pre-
ceding 3 months. Wide variability was also observed for
medical devices and supplies (see Supplementary Table 6,
Additional file 2). All neonatal units had functional radi-
ant heaters (median: 2, IQR: 1-4), phototherapy units
(median: 2, IQR: 0), and oxygen concentrators (median:
2, IQR: 0), as well as a digital weighing scale (mean: 1,
SD: 0) and nasal prongs. Functional incubators (median:
1, IQR: 1-10), oxygen cylinders (median: 3, IQR: 2—-4),
and pulse oximeters (median: 1, IQR: 1-4) were avail-
able in four units, and electric suction pumps (median: 1,
IQR: 1-2) and glucometers were available in three units.
Syringe pumps (median: 0, IQR: 0-1), digital thermome-
ters (mean: 1, SD: 0), and suction catheters were available
in two units. Functional CPAP flow drivers (n=5), flow
splitter (n=1), and pulse oximetry probes (n=6) were
only available at the national referral hospital.
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Table 4 Hospital characteristics and incremental costs of improvements per admission and per bed

Hospital-1 Hospital-2 Hospital-3 Hospital-4 Hospital-5  Total
Type of hospital Regional District Regional National Regional NA
Urban versus rural Urban Urban Urban Urban Urban NA
Population of catchment area, n 500,000 2,000,000 4,500,000 45,741,000° Unknown NA
Type of improvement to increase space available for iIKMC Repurpos- Repurpos- Remodel- Remodel- Construction  NA

ing existing ing existing ling existing  ling existing  of new space

space space space space
Annual deliveries®, n 2,000 7,500 6,937 21,606 6,000 44,043
Annual neonatal admissions®, n 500 938 2,432 6,782 360 11,012
Annual neonatal referrals®, n 60 90 978 1,019 30 2,177
Annual neonatal transfers®®, n 10 20 10 Unknown 10 50
Total hospital beds, n 500 100 500 300 200 1,600
Labour ward beds, n 7 25 6 73 25 136
Postnatal ward beds, n 20 0 21 128 25 194
Neonatal unit beds®, n 14 17 30 106 16 183
Neonates currently in neonatal unitf, n 8 3 14 80 14 119
Neonatal unit capacity filled, % 57 18 47 75 88 NA
Annualised economic cost of improvements per annual neona- 16 9 3 1 25 54
tal admissions? (2020 USD)
Annualised economic cost of improvements per neonatal bed” 587 490 271 36 558 1,942
(2020 USD)
Total financial cost of improvements per neonatal bed' (2020 4,881 4,208 2,695 296 5,987 18,067

usD)

iKMC immediate kangaroo mother care, NA Not applicable, USD United States Dollars, no inflation adjustments

2 Hospital-4 is a national referral facility; thus, its catchment area encompasses the whole country; total population 45,741,000 in 2020 (World Bank)

b Figure reflects total number in the calendar year preceding the baseline health facility assessment

¢ Referral to the hospital from another health facility
94 Transfer from the hospital to another health facility

¢ Total capacity of neonatal unit if one baby per bed (including cots, radiant heaters, and incubators)

fNumber of neonates admitted at the time of the health facility assessment

9 Calculated as the total annualised economic cost per hospital divided by the number of annual neonatal admissions. hCalculated as the total annualised economic

cost per hospital divided by the number of neonatal beds

i Calculated as the total financial cost per hospital divided by the number of neonatal unit beds

Discussion

These five Ugandan health facilities, which included a
national referral hospital, a district hospital, and three
regional referral hospitals, all required substantial physi-
cal and human resource inputs to allow safe implemen-
tation of iKMC. Our findings raise doubts about the
affordability of rapid, widespread scale-up of iKMC in
LMIC settings. We found substantial variation in the
cost of improvements per hospital, per neonatal admis-
sion, and per neonatal bed. Costs were lowest at the
national referral hospital, which had been recently con-
structed. Given the range across these facilities, largely
driven by the previously available infrastructure, it
would not be appropriate to extrapolate to other hospi-
tals based on simple averages or costs per bed from our
study. A standardised 20-bed neonatal unit in Uganda
could be expected to offer a level of care broadly com-
parable to the four district and regional referral hospitals

in this study, which were of similar size (range: 14-30
beds), but not to that of the national referral hospi-
tal (n=106 beds). Necessary improvements to hospi-
tals comparable to a 20-bed neonatal unit cost from
$68,330 to $95,796 (financial), or $99,430 to $113,881
(economic), with costs highest where a new unit needed
to be constructed. Key cost drivers were the value of
donated time and floor space, infrastructure improve-
ments, and planning and design. A single team managed
the setup process at the five hospitals, suggesting that it
might be possible to achieve economies of scale or lower
costs if this were implemented in a larger number of
hospitals. Floor space per bed and per baby in the reno-
vated neonatal units were lowest at the national referral
hospital, probably because of the higher number of beds
and admissions relative to the lower-level facilities. The
HFAs demonstrated broad variability in laboratory and
pharmacy capacity as well as the availability of essential
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Fig. 3 Total financial costs of improvements vs. the number of neonatal beds at the five Ugandan hospitals

equipment and supplies for newborn care, even after
these improvements.

To our knowledge, this study is the first to evaluate the
process and costs of implementation readiness for iKMC
in health facilities. Previous studies in Brazil, Colombia,
Ethiopia, Indonesia, Mexico, Nicaragua, and the United
Kingdom have consistently found that KMC provision
among stable neonates resulted in cost savings for the
hospital or health provider [33-38]. However, none of
these studies considered the costs of necessary infra-
structure improvements or clinical equipment, nor spe-
cifically evaluated KMC initiated before stabilisation. The
favourable results of the Immediate KMC Study stimu-
lated global demand and led to updated WHO guidelines
recommending iKMC from the time of birth [17, 20],
which makes it important to examine the financial and
economic costs of implementing this intervention. For
the five Ugandan hospitals involved in our study, the eco-
nomic implications of constructing a new neonatal unit
or adapting existing units to accommodate adult beds for
KMC were substantial.

Two recent studies of KMC implementation among
stabilised babies also identified gaps in health facility
readiness. In Bangladesh, a study at eight government
health facilities found that infrastructure challenges,
including unavailability of adjustable beds and toilets
for caregivers, were common and none of the sites had
all equipment necessary to provide high-quality KMC
[39]. A study across seven sites in Ethiopia and India

reported that 60% of eligible infants received KMC
with>8 h of skin-to-skin contact and exclusive breast-
feeding in the 24 h preceding discharge, and that this
coverage was achieved with government engagement
and financial resources to establish and maintain KMC
units with supportive policies for mothers, including
beds, food, bathing, and toilets [40]. In contrast, the
WHO trial and a related quality improvement study
reported a median daily duration of skin-to-skin con-
tact of 17 h among babies who received iKMC, follow-
ing the establishment of mother-neonatal intensive care
units with adult beds for KMC in six tertiary-level hos-
pitals in Ghana, India, Malawi, Nigeria, and Tanzania
[17, 41], illustrating the importance of providing infra-
structure and advanced newborn care and equipment,
including CPAP.

The findings of this study should inform planning
and budgeting for the setup of safe iKMC in LMIC set-
tings, as well as decisions regarding where and whether
to implement iKMC at all. This contribution is impor-
tant because the vast majority of babies in sub-Saharan
Africa and South Asia lack access to hospitals with
neonatal intensive care [19]. Although our precise cost
estimates are specific to the five Ugandan hospitals in
our study, our findings regarding the many types of
improvements required, and their very substantial
associated costs, especially at lower-level facilities, are
likely to be relevant to and generalisable across pub-
lic hospitals offering similar levels of newborn care in
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sub-Saharan Africa and elsewhere. Development of har-
monised guidelines on the setup and implementation of
iKMC, which incorporate estimated financing require-
ments by level of care across different geographic
regions, should be a priority for policymakers [42].

This study had strengths and limitations. The
data are comparable across five facilities of vary-
ing service levels and sizes. Cost data were based on
detailed activity records but were collected retro-
spectively. Data on staff time spent away from routine
duties during planning, design, and training, which
accounted for around one-third of additional eco-
nomic costs, could have been subject to recall bias or
misreporting. We included planning and design costs
for all those who attended meetings and other activi-
ties, implying these costs could be lower if fewer peo-
ple were involved. The HFA modules included in this
evaluation assessed readiness of facilities to provide
small and sick newborn care, with a focus on physical
infrastructure and clinical equipment and supplies; we
did not evaluate other health system building blocks
included in the HFA tool, such as human resources,
information systems, and administration and manage-
ment, which are also imperative for the sustainable
provision of high-quality care. Finally, some HFA data,
particularly pharmaceutical products, had a consider-
able proportion of missingness, although we note that
there are few pharmaceutical products necessary for
WHO level-2 care.

Policy decisions should be informed by thoughtful
consideration of the level of neonatal care already avail-
able, including existing infrastructure, as well as the
impact, cost-effectiveness, affordability, and sustainabil-
ity of iKMC, and how these factors — and appropriate
policy recommendations — may vary across settings. In
a smaller trial in The Gambia, a before and after com-
parison showed a halving of neonatal mortality asso-
ciated with infrastructure investments and improved
quality of care; however, adding iKMC did not confer a
significant mortality reduction [18]. Redesigning health
systems in LMICs to achieve high-quality, equitable
care for small and sick newborns will require investing
in neonatal units with adequate space, equipment, sup-
plies, and specialised staff [43]. Several African coun-
tries are developing standardised floor plans for neonatal
units; for example, Tanzania has a national policy for a
40-bed neonatal unit in district hospitals, with 10 beds
for level-2 care including CPAP [44]. In Tanzania, the
cost of building a new neonatal unit is closer to $1 mil-
lion [32]. Going forward with the investment case for
newborn care, further research is warranted to assess
the incremental neonatal unit floor space needed for the
addition of iKMC.
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Conclusion

The five Ugandan hospitals in the OMWaNA trial required
substantial inputs, notably for infrastructure improve-
ments, to allow safe implementation of iKMC, highlighting
the need for dedicated funding to adopt this intervention,
especially in facilities that cannot afford basic equipment
such as incubators. However, it also raises questions about
the affordability and cost-effectiveness of recommending
widespread scale-up of iKMC across LMICs. These find-
ings should help inform planning and budgeting as well as
decisions about if, where, and how to implement iKMC,
particularly in LMIC settings where space, devices, and
specialised staff for inpatient newborn care are often una-
vailable. The impact of higher quality care for small and sick
newborns is expected to be substantial, so even with high
set-up costs, these investments may prove cost-effective.
More context-specific evidence is needed to inform policy-
makers, especially regarding the incremental cost-effective-
ness of iKMC added to high-quality, level-2 newborn care.

Abbreviations

CPAP Continuous positive airway pressure

g Grams

HFA Health facility assessment

iKMC Immediate kangaroo mother care

IQR Interquartile range

v Intravenous

KMC Kangaroo mother care

LMIC Low- and middle-income country

LSHTM London School of Hygiene & Tropical Medicine
2

m Metres squared

MRC/UVRI Medical Research Council/Uganda Virus Research Institute
NEST360  Newborn Essential Solutions and Technologies

REDCap  Research Electronic Data Capture

SD Standard deviation

StaRl Standards for Reporting Implementation Studies

UGX Ugandan Shillings

UNICEF United Nations Children’s Fund

usD United States Dollars

WHO World Health Organisation

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512913-023-09624-z.

Additional file 1. StaRI checklist.
Additional file 2: Supplementary Tables.

Additional file 3. Neonatal unit floor plans pre- and post-renovation at
the five hospitals in Uganda.

Additional file 4. Author reflexivity statement for equity in global health
research.

Acknowledgements

We thank the hospital directors/administrators (Dr Nehemia Katusiime, Dr
Moses Muwange, Dr Edward Nkurunziza, Dr Nathan Onyachi, Dr James
Waako); paediatricians (Dr Rolland Mutumba, Dr Loy Nabirye, Dr Harriet
Nambuya, Dr Irene Nayiga, Dr Sheila Oyiella); and nurse matrons of the
neonatal units (Maburuka Anguparu, Agnes Batani, Gladys Bingi, Aya Esther,
Abisagi Nalugwa) for their support and dedication throughout the process


https://doi.org/10.1186/s12913-023-09624-z
https://doi.org/10.1186/s12913-023-09624-z

Medvedev et al. BMC Health Services Research (2023) 23:613

of implementing iKMC in the five hospitals. We also thank the OMWaNA Trial
Steering Committee for their helpful input regarding the implementation of
the trial and the development of this manuscript, notably Prof Elizabeth Moly-
neux, Prof Stefan Peterson, Dr Rebecca Nantanda, and Dr Adriano Cattaneo.

Authors’ contributions

An author reflexivity statement for equity in global health research is included in
Additional file 4. MMM, EEK, CPand JEL conceptualised the study. VT collected the HFA
data, with support from MMM, IM, CJT, and JEL. CKN collected the costing data, with
support from GG, KK, EEK, and CP. CKN and MMM analysed the costing data, with sup-
port from GG, EEK, and CP MMM analysed the HFA data and wrote the manuscript. All
authors interpreted the data, critically reviewed the manuscript, and approved the final
version.VT and CKN are joint second authors. EEK, CP, and JEL are joint senior authors.

Authors’ information
Not applicable

Funding

This work was supported by a grant from the Joint Global Health Trials scheme

of the Department of Health and Social Care, the Foreign, Commonwealth and
Development Office, the Medical Research Council, and the Wellcome Trust (MR/
S004971/1) awarded to JEL. A grant from the Eunice Kennedy Shriver National Insti-
tute of Child Health and Human Development of the National Institutes of Health
(K23HD092611) awarded to MMM also supported this study. The content is solely
the responsibility of the authors and does not necessarily represent the official views
of the National Institutes of Health or other institutions with whom the authors are
affiliated. The funders played no role in study design; collection, analysis, and inter-
pretation of data; manuscript writing; or in the decision to submit for publication.

Availability of data and materials
The datasets supporting the conclusions of this article are included within the
article and its additional files.

Declarations

Ethics approval and consent to participate

Ethical approval for the study was obtained from the Research Ethics Com-
mittees of the Uganda Virus Research Institute (GC/127/19/06/717), LSHTM
(16972), and the Uganda National Council of Science and Technology (HS
2645). The HFA and costing data did not require individual informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pediatrics, University of California San Francisco, 550 16th St,

Box 1224, San Francisco, CA 94158, USA. 2Maternal, Adolescent, Reproductive &
Child Health Centre, London School of Hygiene & Tropical Medicine, Keppel St,,
London WC1E 7HT, UK. *Medical Research Council/Uganda Virus Research Insti-
tute and London School of Hygiene & Tropical Medicine Uganda Research Unit,
PO. Box 49, Entebbe, Uganda. 4Depar‘[mer\t of Global Health and Development,
London School of Hygiene & Tropical Medicine, 15-17 Tavistock PI, London WCTH
9SH, UK. 5Departmen‘[ of Health Policy, Planning and Management, School

of Public Health, Makerere University, New Mulago Hill Rd, Kampala, Uganda.
6Departmem of Public Health Sciences, Karolinska Institutet, 171 77 Stockholm,
Sweden.’Department of Neonatal Medicine, University College London Hospital,
235 Euston Rd, London NW1 2BU, UK. 8Departmem of Medical Statistics, London
School of Hygiene & Tropical Medicine, Keppel St., London WCTE 7HT, UK.

Received: 22 January 2023 Accepted: 30 May 2023
Published online: 10 June 2023

References
1. Chawanpaiboon S,Vogel J, Moller A, Lumbiganon P, Petzold M, Hogan
D, et al. Global, regional, and national estimates of levels of preterm birth

Page 150f 16

in 2014: a systematic review and modelling analysis. Lancet Glob Health.
2019;7:e37-46.

Blencowe H, Cousens S, Oestergaard M, Chou D, Moller A, Nar-

wal R, et al. National, regional, and worldwide estimates of pre-
term birth rates in the year 2010 with time trends since 1990 for
selected countries: a systematic analysis and implications. Lancet.
2012;379:2162-72.

LiuL, Oza S,Hogan D, ChuY, Perin J, Zhu J, et al. Global, regional, and
national causes of under-5 mortality in 2000-15: an updated systematic
analysis with implications for the sustainable development goals. Lancet.
2016;388:3027-35.

GBD 2017 DALYs and HALE Collaborators. Global, regional, and national
disability-adjusted life-years (DALYs) for 359 diseases and injuries and
healthy life expectancy (HALE) for 195 countries and territories, 1990 —
2017: a systematic analysis for the Global burden of disease study. Lancet.
2018;392:1859-922.

Abbafati C, Machado DB, Cislaghi B, Salman OM, Karanikolos
M, McKee M, et al. Global burden of 369 diseases and inju-

ries in 204 countries and territories, 1990-2019: a systematic
analysis for the global burden of disease study 2019. Lancet.
2020;396:1204-22.

United Nations. Sustainable Development Goals. https://www.un.org/
sustainabledevelopment/sustainable-development-goals. Accessed 12
Dec 2019.

WHO. Launch of the Every Newborn Action Plan: 2025 Coverage Targets
and Milestones. 2020. https://www.who.int/news/item/28-08-2020-
launch-of-the-every-newborn-action-plan-2025-coverage-targets-and-
milestones. Accessed 4 Apr 2021.

WHO, UNICEF. Survive and Thrive: Transforming care for every small and sick
newborn. Geneva; 2019. https//www.uniceforg/media/58076/file. Accessed 18
Jul 2020.

WHO. Kangaroo mother care: a practical guide. Geneva; 2003. http//www.
who.int/maternal_child_adolescent/documents/9241590351/en/. Accessed
15 Jul 2020.

. Conde-Agudelo A, Diaz-Rosello J. Kangaroo mother care to reduce

morbidity and mortality in low birthweight infants. Cochrane Database
Syst Rev. 2016;23:CD002771.

. Boundy EO, Dastjerdi R, Spiegelman D, Wafaie W. Kangaroo

mother care and neonatal outcomes: a meta-analysis. Pediatr.
2016;137:€20152238.

. Charpak N, Tessier R, Ruiz JG, Hernandez T, Uriza F. Twenty-year

follow-up of kangaroo mother care versus traditional care. Pediatr.
2017;139:e20162063.

. Oza S, Cousens SN, Lawn JE. Estimation of daily risk of neona-

tal death, including the day of birth, in 186 countries in 2013: A
vital-registration and modelling-based study. Lancet Glob Health.
2014;2:e635-44.

. English M, Karumbi J, Maina M, Aluvaala J, Gupta A, Zwarenstein M,

et al. The need for pragmatic clinical trials in low and middle income
settings — taking essential neonatal interventions delivered as part of
inpatient care as an illustrative example. BMC Med. 2016;14:5.

. Chan GJ, Valsangkar B, Kajeepeta S, Boundy EO, Wall S, Ave H. What is

kangaroo mother care? Systematic review of the literature. J Glob Health.
2016;6:010701.

. Medvedev MM, Tumukunde V, Mambule I, Tann CJ, Waiswa P, Canter

RR, et al. Operationalising kangaroo Mother care before stabilisation
amongst low birth Weight Neonates in Africa (OMWaNA): protocol for
a randomised controlled trial to examine mortality impact in Uganda.
Trials. 2020;21:126.

. WHO Immediate KMC Study Group. Immediate “Kangaroo Mother

Care"and survival of infants with low birth weight. N Engl J Med.
2021;384:2028-38.

. Brotherton H, Gai A, Kebbeh B, Njie Y, Walker G, Muhammad

AK, et al. Impact of early kangaroo mother care versus stand-
ard care on survival of mild-moderately unstable neonates
<2000 grams: a randomised controlled trial. EClinicalMedicine.
2021;39:101050.

. Moxon S, Lawn J, Dickson K, Simen-Kapeu A, Gupta G, Deorari A,

et al. Inpatient care of small and sick newborns: a multi-country
analysis of health system bottlenecks and potential solutions. BMC
Pregnancy Childbirth. 2015;15(Suppl 2):7.


https://www.un.org/sustainabledevelopment/sustainable-development-goals
https://www.un.org/sustainabledevelopment/sustainable-development-goals
https://www.who.int/news/item/28-08-2020-launch-of-the-every-newborn-action-plan-2025-coverage-targets-and-milestones
https://www.who.int/news/item/28-08-2020-launch-of-the-every-newborn-action-plan-2025-coverage-targets-and-milestones
https://www.who.int/news/item/28-08-2020-launch-of-the-every-newborn-action-plan-2025-coverage-targets-and-milestones
https://www.unicef.org/media/58076/file
http://www.who.int/maternal_child_adolescent/documents/9241590351/en/
http://www.who.int/maternal_child_adolescent/documents/9241590351/en/

Medvedev et al. BMC Health Services Research

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

(2023) 23:613

WHO. Recommendations for care of the preterm or low-birth-weight
infant. Geneva; 2022. https://www.who.int/publications/i/item/97892
40058262. Accessed 16 Nov 2022.

. Pinnock H, Barwick M, Carpenter C, Eldridge S, Grandes G, Griffiths C, et al.

Standards for reporting implementation studies (StaRl) statement. BMJ.
2017;356:i6795.

Walker D, Kumaranayake L. Allowing for differential timing in

cost analyses: discounting and annualization. Health Policy Plan.
2002;17:112-8.

World Bank. Official exchange rate (LCU per USS$, period average).
Global Economic Monitor. 2022. https://data.worldbank.org/indicator/
PANUS.FCRF. Accessed 11 Nov 2021.

Wilkinson T, Sculpher M, Claxton K, Revill P, Briggs A, Cairns J,

et al. The international decision support initiative reference

case for economic evaluation: an aid to thought. Value Health.
2016;19:921-8.

Newborn Essential Solutions and Technologies. NEST360/UNICEF
Health Facility Assessment (HFA) Paper Tools. 2022. https://nest360.
org/project/hfa. Accessed 15 Sep 2022.

Moxon S, Guenther T, Gabrysch S, Enweronu-Laryea C, Ram PK,
Niermeyer S, et al. Service readiness for inpatient care of small and sick
newborns: what do we need and what can we measure now? J Glob
Health. 2018;8:010702.

WHO. Standards for improving the quality of care for small and sick
newborns in health facilities. Geneva; 2020. https://www.who.int/
publications/i/item/9789240010765. Accessed 15 Sep 2020.

Vesel L, Bergh AM, Kerber KJ, Valsangkar B, Mazia G, Moxon SG, et al.
Kangaroo mother care: a multi-country analysis of health system
bottlenecks and potential solutions. BMC Pregnancy Childbirth.
2015;15(Suppl 2):5.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)-a metadata-driven methodology
and workflow process for providing translational research informatics
support. J Biomed Inf. 2009;42:377-81.

Ersdal HL, Singhal N. Resuscitation in resource-limited settings. Semin
Fetal Neonatal Med. 2013;18:373-8.

Kamath-Rayne BD, Berkelhamer SK, Kc A, Ersdal HL, Niermeyer S.
Neonatal resuscitation in global health settings: an examination of
the past to prepare for the future. Pediatr Res. 2017;82:194-200.
Newborn Essential Solutions and Technologies, UNICEF. Investing
in Small and Sick Newborn Care: cases from Tanzania and others
to inform every newborn action targets. 2022. https://www.
newborntoolkit.org/events/financing-implementation-toolkit-
seminar-series. Accessed 14 Oct 2022.

Lima G, Quintero-Romero S, Cattaneo A. Feasibility, acceptability
and cost of kangaroo mother care in Recife. Brazil Ann Trop Paediatr.
2000;20:22-6.

Ruiz JG, Charpak N, Castillo M, Bernal A, Rios J, Trujillo T, et al. Economic
evaluation of Kangaroo Mother Care: cost utility analysis of results from
a randomized controlled trial conducted in Bogota. J Clin Epidemiol.
2017,86:91-100.

Memirie ST, Tolla MT, Desalegn D, Hailemariam M, Norheim OF,
Verguet S, et al. A cost-effectiveness analysis of maternal and
neonatal health interventions in Ethiopia. Health Policy Plan.
2019;34:289-97.

Cattaneo A, Davanzo R, Worku B, Surjono A, Echeverria M, Bedri

A, et al. Kangaroo mother care for low birthweight infants?: a
randomized controlled trial in different settings. Acta Paediatr.
1998;87:976-85.

Broughton El, Gomez |, Sanchez N, Vindell C. The cost-savings of imple-
menting kangaroo mother care in Nicaragua. Rev Panam Salud Publica.
2013;34:176-82.

Lowson K, Offer C, Watson J, McGuire B, Renfrew MJ. The economic
benefits of increasing kangaroo skin-to-skin care and breastfeeding
in neonatal units: analysis of a pragmatic intervention in clinical
practice. Int Breastfeed J. 2015;10:11.

Mehjabeen S, Matin M, Gupta Das R, Sutradhar I, MazumderY, Kim M,
et al. Fidelity of kangaroo mother care services in the public health
facilities in Bangladesh: a cross-sectional mixed-method study.
Implement Sci Commun. 2021;2:115.

40.

41.

42.

43.

44,

Page 16 of 16

Mony PK, Tadele H, Gobezayehu AG, Chan GJ, Kumar A, Mazumder
S, et al. Scaling up Kangaroo mother care in Ethiopia and India:

a multi-site implementation research study. BMJ Glob Health.
2021,6:€005905.

Jegannathan S, Natarajan M, Solaiappan M, Shanmugam R, Tilwani
SA. Quality improvement initiative to improve the duration of
Kangaroo mother care in tertiary care neonatal unit of South India.
BMJ Open Qual. 2022;11:e001775.

Medvedev MM. Informing the design of a trial of kangaroo
mother care initiated before stabilisation amongst small and sick
newborns in a sub-Saharan African context using mixed methods
[PhD thesis]. London School of Hygiene & Tropical Medicine; 2020.
https://doi.org/10.17037/PUBS.04658155. Accessed 10 Jul 2022.
Roder-Dewan S, Nimako K, Twum-Danso NAY, Amatya A, Langer A,
Kruk M. Health system redesign for maternal and newborn survival:
rethinking care models to close the global equity gap. BMJ Glob
Health. 2020;5:002539.

Newborn Essential Solutions and Technologies, UNICEF. Newborn care
unit design: space, flow and floorplans. 2022. https://www.newborntoo
Ikit.org/events/infrastructure-implementation-toolkit-seminar-series.
Accessed 26 Oct 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.who.int/publications/i/item/9789240058262
https://www.who.int/publications/i/item/9789240058262
https://data.worldbank.org/indicator/PA.NUS.FCRF
https://data.worldbank.org/indicator/PA.NUS.FCRF
https://nest360.org/project/hfa
https://nest360.org/project/hfa
https://www.who.int/publications/i/item/9789240010765
https://www.who.int/publications/i/item/9789240010765
https://www.newborntoolkit.org/events/financing-implementation-toolkit-seminar-series
https://www.newborntoolkit.org/events/financing-implementation-toolkit-seminar-series
https://www.newborntoolkit.org/events/financing-implementation-toolkit-seminar-series
https://doi.org/10.17037/PUBS.04658155
https://www.newborntoolkit.org/events/infrastructure-implementation-toolkit-seminar-series
https://www.newborntoolkit.org/events/infrastructure-implementation-toolkit-seminar-series

	Process and costs for readiness to safely implement immediate kangaroo mother care: a mixed methods evaluation from the OMWaNA trial at five hospitals in Uganda
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study setting
	Renovations and improvements to the neonatal units
	Financial and economic costs of infrastructure improvements and clinical equipment
	Health facility assessments

	Results
	Actions undertaken to implement immediate KMC
	Financial and economic costs of infrastructure improvements and clinical equipment
	Total costs of improvements
	Annualised economic costs of improvements, unit costs, and cost variation

	Health facility assessments

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements
	References


