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Abstract

Background The use of eHealth innovations is becoming increasingly important in improving health outcomes,
especially for maternal and newborn health. However, planning and executing these innovations can be challenging
due to their complex nature. To provide guidance and clarity on implementation approaches, researchers need to use
implementation research (IR) tools. We conducted IR to recognize the challenges in implementing eHealth innova-
tions in the context of maternal and newborn healthcare using the implementation research logic model (IRLM).
Therefore, this paper aims to describe the practical application of IRLM to design, execute and evaluate eHealth inno-
vations that improve maternal and newborn care in public facilities in Ethiopia.

Methods We employed rapid review, formative assessment and process evaluation of an eHealth innova-

tion in selected healthcare facilities serving maternal and newborn care. The eHealth innovation we developed

and deployed was named ‘ADHERE’ (Antenatal Care, ChilDbirtH CarE and Postnatal CaRE), representing the contin-
uum of maternal care. The rapid review was conducted as an initial step using the Consolidated Framework for Imple-
mentation Research (CFIR). We employed a mix of data collection methods: interview/discussion, eHealth system

or document review and direct observation. Furthermore, we executed various stakeholder engagement activities:
two co-creation workshops and on-site iterative discussions. We applied the Framework for Reporting Adaptations
and Modifications to Evidence-based Implementation Strategies (FRAME-IS) to capture ongoing implementation
learnings.

Results We developed IRLM of the eHealth innovation implementation for three contexts: urban, peri-urban

and remote public healthcare facilities. The model depicted the mechanism of interaction between implementation
determinants and implementation strategies to produce the intended implementation outcomes. The IRLM helped
to identify more than 35 implementation barriers or facilitators for eHealth interventions and to develop over 17
mitigation strategies for the study contexts. The initial IRLM was refined through ongoing implementation learnings
and the mitigation strategies that were executed.
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Conclusions The IRLM is a comprehensive and effective guiding tool for the development, implementation and eval-
uation of innovations in various low- and middle-income contexts. Researchers and implementing partners should

adapt and use it.

Keywords Implementation science, Implementation research logic model, Maternal healthcare, Newborn healthcare,
Implementation strategies, eHealth, eHealth innovation, Ethiopia

Background

Over the last two decades, the implementation of high-
impact interventions such as skilled care during antena-
tal, labour and delivery and postnatal periods contributed
to the gains in maternal and child health in low- and mid-
dle-income countries (LMICs), including Ethiopia [1-3].
However, maternal and neonatal mortalities are still high
[4—6]. eHealth innovations have the potential to further
improve access and quality of high-impact interventions.

In 2014, the global community remarked on the impor-
tance of leveraging information and communication
technologies (ICTs) in national health information sys-
tems and health infrastructure. ICTs including eHealth
applications are central to support health services deliv-
ery [7, 8]. In the era of Sustainable Development Goals,
the World Health Organization and others urged coun-
tries to promote electronic data capture and processing;
adopt eHealth programs; and develop eHealth policies
and strategies for reproductive, maternal, newborn and
child health [7]. Ethiopia also started to have an eHealth
strategy in 2014 [9]. The Ethiopian eHealth strategy
identified five priority areas for eHealth implementa-
tion: (1) health information systems, (2) telemedicine, (3)
mHealth, (4) eLearning and (5) community information
systems [10]. Evidence was also stressed to have a strat-
egy to develop an eHealth solution that ensures smooth
handover, scalability, local capacity development [11] and
entails acceptability [12, 13].

Implementation and evaluation of digital health inter-
ventions (DHIs) are challenging as they are complex in
nature [14—16] and entail complex interactions between
the user, technology and healthcare team [14, 15]. Thus,
the use of theoretical frameworks is crucial in providing
researchers with guidance and clarity on implementation
or evaluation approaches [14]. The selection of an appro-
priate theoretical framework is also equally important
[17]. Besides, implementation science offers the required
body of knowledge and tools to streamline the effec-
tive implementation and monitoring of eHealth innova-
tions [15]. For example, Cremers et al. 2021 developed
an eHealth implementation guideline to increase the
effectiveness in selection and implementation of eHealth
interventions in practice [18].

Furthermore, co-creation in healthcare, especially for
eHealth solutions, is identified as a fundamental principle

for developing person-centred technologies that accel-
erate innovation adaptation. Co-creation involves co-
design by users and producers [19]. An eHealth research
should be more contextual; report more on setting fac-
tors; employ more responsive and pragmatic designs; and
report results more transparently on issues important to
potential adopting patients, clinicians and organizational
decision-makers [20].

The consolidated framework for implementation
research (CFIR) in eHealth innovation was reported to
foster clarity regarding implementation effort and com-
parability with other implementation studies [15]. The
implementation research logic model (IRLM) is a new
and more comprehensive implementation research (IR)
model [21] that could help us to address earlier men-
tioned research agendas in eHealth. The IRLM provide
a structure to address the relationships between deter-
minants of implementation, implementation strategies,
the mechanisms of action resulting from the strategies
and the implementation and clinical outcomes affected.
The IRLM core components are guided with the most
prominent frameworks including the CFIR. The model
also allows for the thorough specification of all intro-
duced and existing strategies, as well as their changes,
including adaptations, additions and discontinuations,
during the project [12, 21-24]. Tiruneh et al. reported
that the model was effective in guiding IR to improve a
community-based healthcare service in Ethiopia. They
suggested that IRLM offered a clear process and path to
prioritize implementation challenges and choose strate-
gies informed by mechanisms of action [25]. Therefore,
this paper aims to describe the practical application of
IRLM in the design, execution and evaluation of eHealth
innovations in public healthcare facilities serving moth-
ers and their children in Ethiopia. The findings will guide
researchers, programmers and implementing partners
for successful planning, execution, reporting and evalu-
ation of eHealth innovations in resource-limited settings.

Methods

Study setting

The study was conducted in eleven public health facili-
ties (six in the intervention arm and five in the control
arm) in Amhara region, Ethiopia. The healthcare facili-
ties were selected from Bahir Dar City (capital of Amhara
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region) and the Bahir Dar Zuria, North Mecha and Yil-
mana Densa districts. We selected the healthcare facili-
ties according to healthcare level, client load, healthcare
facility residential location and distance from the capital
of Amhara region. The eHealth innovation was deployed
in six healthcare facilities. Thus, the main focus of this
paper is to discuss the practical application of IRLM in
these facilities. The studied healthcare facilities were pro-
viding MCH care including antenatal care (ANC), labour
and delivery care and postnatal care (PNC). We grouped
the healthcare facilities into urban, peri-urban and rural
facilities based on their location. Urban healthcare facili-
ties were those facilities located in Bahir Dar city and in
two district towns (Adet and Merawi towns). Peri-urban
healthcare facilities were those facilities located in Bahir
Dar Zuria district while rural or remote healthcare facili-
ties were facilities located in remote villages of the study
area.

eHealth innovation development and characteristics

The eHealth tool we developed and implemented was
named ADHERE to signify adherence to the recom-
mended high-impact maternal and newborn healthcare
packages. The development process of ADHERE was
described in detail in Kebebaw et al. [26] and Alemneh
et al. [27]. In brief, it was started in 2020 with a collabora-
tion between ICT and maternal and child health experts
at Bahir Dar University. The tool passed through heuris-
tic-based usability evaluation and end-user-based usabil-
ity evaluation. The ADHERE system was implemented at
the point-of-care (POP) in MCH units. The system is also
designated as eMCH tool because it is designed to trans-
form a paper-based standard ANC, delivery care and
PNC into electronic-based care. The system had a built-
in eDecision support system (eDSS), ePartograph and
safe childbirth checklist that could assist HCPs’ clinical
decisions. The ePartograph allows for automated record-
ing instead of manual partograph drawing, which is time
consuming, burdensome and subject to human error. The
usability problems detected in each step were corrected
before the deployment of the tool.

Study process

We employed rapid review, formative assessment and
process evaluation to adapt the IRLM for ADHERE. The
IRLM comprised four core elements: (1) implementation
determinants, (2) implementation strategies, (3) mecha-
nisms of action and (4) outcomes [21, 28]. The imple-
mentation determinants were organized according to the
CFIR, which categorized the factors into five themes: (1)
intervention characteristics, (2) inner settings, (3) outer
settings, (4) individual characteristics and (5) implemen-
tation process [22]. The implementation strategies were
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developed on the basis of the expert recommendations
for implementing change (ERIC) taxonomy [24]. The
mechanisms of actions were refined as conceptualized in
Lewis et al. [29]. We also proposed implementation out-
comes as recommended in Proctor et al. 2011 [12].

The ADHERE project implementation was organized
in three phases: preparation, intervention and post-
intervention. This paper relays only on the preparation
and intervention phases of the project. In the preparation
phase, we conducted a rapid review and formative assess-
ment to identify determinants, select implementation
strategies and link them with mechanisms of action to
influence the proposed implementation outcomes. In the
intervention phase, we systematically and prospectively
captured implementation facilitators, emerging chal-
lenges and modifications in implementation strategies to
overcome the emerging challenges.

(a) Rapid review

As the initial step of this IR, we conducted a rapid
review guided by the CFIR framework. The rapid review
aimed to identify barriers and facilitators to implement-
ing eHealth interventions in Ethiopia. We developed and
used a search strategy for both peer-reviewed and grey
literature databases. We searched MEDLINE via Pub-
Med, Google Scholar and Google to develop this nar-
rative synthesis. The search terms used were: eHealth,
telemedicine, eHealth app(s), eHealth application(s),
electronic health record(s), electronic medical record(s),
clinical decision support system(s), computerized deci-
sion support system(s), decision support system(s), deci-
sion aid(s), digital health, health facility(ies), healthcare
facility(ies), health care facility(ies), health institution(s),
healthcare institution(s), hospital(s), health centre(s) and
Ethiopia.

The review included quantitative, qualitative and mixed
methods studies and studies of various designs including
cross-sectional, case—control, cohort and interventional
designs. Additionally, we included documents published
in English and studies conducted in Ethiopia. The overall
search and review steps were outlined following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses for Scoping Reviews (PRISMA-ScR) guideline
[30, 31]. The details are given in PRISMA flow diagram
(Fig. 1).

(b) Formative assessment

The formative assessment was conducted in the prepa-
ration phase of the project. We used both qualitative and
quantitative approaches. The study employed a descrip-
tive qualitative design and a cross-sectional quantitative
survey. We employed mixed methods of semi-structured
interview, document review and direct observation
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Identification of studies via PubMed, Google Scholar and Google search

Records identified from:
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Fig. 1 Prisma flow diagram for rapid review, 2021

of health facilities for data collection. We developed a
checklist to assess all eligible healthcare facilities’ readi-
ness with a focus on maternal and child health (MCH)
staff composition, MCH services availability and ameni-
ties for ADHERE. The health facility readiness assess-
ment checklist is attached as additional file (Additional
File 1). We primarily contacted the healthcare facil-
ity head who linked us to the MCH coordinator and/or
MCH case team leader. At each healthcare facility, we
observed MCH room arrangement, including the dis-
tance between each room. The distance between each
unit was a rough estimate obtained by paces (walking
steps). The MCH rooms arrangement considered accept-
able if the distance between MCH units (ANC units,
labour and delivery units, high-risk units and PNC units)
was less than 100 paces. The distance below 100 paces
was considered acceptable because of its suitability to

18):

o Systematic reviews or literature
reviews (n =4)

o Editorial papers (n=1)

o Conference papers (n = 3)

e [rrelevant outcome/content (n=10)

establish a local area network (LAN) system with one
Wi-Fi-router point to connect the MCH units. We also
checked for availability and function of desktop comput-
ers, tablets, network cables, power supply, access point/
Wi-Fi routers and network installation kits. We also
assessed the presence of interventions similar to our
intervention. The document review was used to assess
the availability of MCH guidelines, reporting forms and
MCH caseload in the visited healthcare facilities. Addi-
tionally, the document review method was used to review
a national level eHealth related-documents as well as
MCH documents to address one of the CFIR domain
(outer setting) and its underlining subdomains.

The study employed a quantitative approach to assess
acceptability and feasibility of ADHERE system. We used
a five-point Likert scale to measure feasibility and accept-
ability of the eHealth system by healthcare providers. The
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data were collected using a self-administered English ver-
sion questionnaire. The measurement tool had 23 items:
10 items were designed to assess feasibility, while 13
items were designed to assess acceptability. In addition
to the Likert scale, the questionnaire had an open-ended
question that allowed the participants to leave their com-
ments regarding the ADHERE system (Additional File 2).
The questionnaire was administered at the end a 5-day
hands-on training on the system. The data collection was
facilitated by investigator team members. The study pop-
ulation consisted of all HCPs working in the MCH units
of the intervention arm healthcare facilities.

Furthermore, the research team identified potential
stakeholders in-line with the project interest through
brainstorming followed by stakeholder analysis follow-
ing stakeholder analysis matrix. We also executed various
stakeholder engagement activities during the prepara-
tion phase of the project. We conducted two co-creation
workshops (with national and sub-national stakeholders
each) and on-site iterative discussion at each intervention
group healthcare facility. The IR investigators team had a
guided visit and experience sharing at Abebech Gobena
MCH Hospital, a fully automated MCH centre in Addis
Ababea city.

(c) Implementation process evaluation

We applied the Framework for Reporting Adapta-
tions and Modifications to Evidence-based Implementa-
tion Strategies (FRAME-IS) to capture implementation
learnings and document modifications to implementa-
tion strategies during the intervention [32]. Prospective
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data were captured per facility during each supervision
by the supervisory team through interviews/discussions,
ADHERE system or document reviews and observations
using a checklist (Additional File 3). During supervision,
discussions were held with front-line healthcare provid-
ers (HCPs) and healthcare facility managers about the
IR project’s progress. Additionally, functionality of the
ADHERE system was checked (Additional File 4).

The research team produced a compiled sets of deter-
minants outlined according to the CFIR framework
assisted through rapid review, formative assessments
and implementation learnings. Two investigators (D.N.
and M.A.) were assigned to rate the determinants level of
influence. The determinants were rated according to pre-
vious studies recommendation, ranging from -2 to+2;
where —2 ‘strong barrier, —1 ‘barrier,+1 ‘facilitator,+2
‘strong facilitator’ and O reflects a neutral and (—/+)
mixed influence [25, 33, 34].

Implementation research team

This IR was a collaborative project between academia,
health system (program managers and HCPs) and devel-
opment partners. The IR team was organized into vari-
ous categories with designated roles and responsibilities
(Table 1). The core IR team oversaw the overall project
activities and was led by the principal investigator (PI).
The core IR team had three subteams: study coordina-
tion, implementation learning and support and data
management. Each subteam comprised members from
academia, the health system and development partners.
The other team category was the supervisory team which

Table 1 ADHERE project implementation teams and respective roles and responsibilities

Team

Roles and responsibilities

Core implementation research

Study coordination

Implementation learning and support

Data management

Supervisory

- Oversee overall project implementation
— Monitor and evaluate each subteam’s performance

- Administrative and resource management
- Coordination of stakeholders

- Planning and follow up of activities

- Coordinating data collection

- Evidence dissemination and translation

— Supervision schedule and technical support

- Ongoing documentation of learning

- Study tool development

— ADHERE tool update

- Training data collectors and health care providers
- Organize and lead review meetings

- Receiving, organizing, and archiving data
- Check and monitor data quality

- Facilitate data cleaning and analysis

— Report write-up

- Regular study sites supervision

— Complete supervisory checklist

- Provide technical support and feedback
- Submit supervision report
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included experts from ICT, public health professionals,
clinicians, program managers and development partners.

Results

Background information

A total of 18 studies were fully reviewed. Of these stud-
ies, six were mixed-method [35-40], nine quantitative
[41-49] and three qualitative studies [50—52]. The detail
summary results are given as additional file (Additional
File 5).

Eleven healthcare facilities, all providing MCH ser-
vices, were assessed for readiness to deploy ADHERE.
Eight had acceptable MCH rooms arrangement (i.e. the
distance between ANC units, labour and delivery units,
high-risk units and PNC units was less than 100 paces)
to establish a LAN system, while three had MCH rooms
arrangement at a distance greater than 100 paces. This
information helped us to estimate the number of Wi-fi
router points and network cables required to connect
the MCH units. All had electric power supply from the
national gridline and had at least one fuel-based backup
power generator. Three health centres had a solar-based
power source with a limited capacity to provide illumina-
tion only. Almost all the facilities had no desktop com-
puters or tablets dedicated to MCH units. A total of 10
healthcare facilities had no internet service at their MCH
unit, and only four healthcare facilities had internet
access as an institution. None of the facilities had a Wi-Fi
router, network cables and network installation kits in
their store.

A total of 109 HCPs who were working in six health-
care facilities were surveyed for acceptability and feasi-
bility study. A total of 41% of the HCPs were in the age
range of 30—34 years; 64% were females, 91.7% were first
degree holders and 82.6% were midwives by profession
(Additional File 6). The acceptability study revealed that
62.4% of the HCPs scored acceptability score greater than
4. The feasibility study also indicated that 47.7% of HCPs
scored feasibility score greater than 4.

eHealth innovations implementation path consolidation
with IRLM

We developed two versions of IRLM for the eHealth
IR: the preparation phase and the intervention phase
IRLM. The preparation phase of IRLM was developed
and refined on the basis of the rapid review synthesis and
formative evaluation results while the implementation
phase IRLM was adapted on the basis of the results of the
prospective implementation learnings. The barriers and
facilitators of eHealth implementation identified through
rapid review and formative assessment are summarized
in table (Additional File 7). The IR of ADHERE system
was done among health facilities representing three
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contexts: urban, peri-urban and rural/remote. The IRLM
shows the interaction among eHealth innovations imple-
mentation core elements: implementation determinants
across multiple contexts, implementation strategies,
mechanisms of action and implementation outcomes
(Fig. 2).

Implementation determinants

The determinants were organized into five themes: inter-
vention characteristics, inner setting, outer setting, indi-
vidual characteristics and process. Most of the identified
implementation determinants applied across the three
contexts (urban, peri-urban and rural), while a few were
context specific.

Intervention characteristics

The ADHERE system was implemented at the point of
care (POP) in the ANC, delivery care and PNC units. The
system operates using local area network to avoid service
interruptions due to internet connectivity problems. The
quality improvement components of the system included
an eDecision support system (eDSS), ePartograph and
safe childbirth checklist. The ePartograph allows for
automated recording instead of manual partograph
drawing, which is time consuming, burdensome and sub-
ject to human error. Flexibility of a system for customiz-
ing to the local context, evidence-base to improve quality
of care and the availability of a decision support system
facilitated eHealth interventions. The major challenges
identified for effective implementation were the complex-
ity of eHealth innovations, system lock or interruption
and interoperability with other systems. All these chal-
lenges apply across the various implementation contexts.

Inner setting
We identified various inner-setting barriers and facili-
tators of eHealth implementation. Lack of ICT infra-
structure, such as computers, tablets, smart phones and
internet services, was a major challenge. Additional chal-
lenges across context were dual documentation both
manual and digital patient information recording, weak-
ened provider—patient interaction/relationship, unsatis-
factory technical support and lack of financial incentives.

On the other hand, we identified implementation barri-
ers that varied in type or extent by context. Network con-
nectivity and electric power interruptions were strong
barriers to eHealth implementation in remote healthcare
facilities, while they had slightly lower influence in urban
healthcare facilities. High workload or patient flow poses
a more challenge in urban healthcare facilities than peri-
urban or remote healthcare facilities.

Facilitators of eHealth innovations across all three set-
tings include the availability of a backup electric power
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Determinants Implementation Mechanisms Outcomes
Contextl: Urban HF Context2: Peri-urban HF Context3: Rural/remote HF Strategies .
1 o Co-creation workshops Acceptability
(+2) Locally made eHealth apps (+2) Locally made eHealth apps (+2) Locally made eHealth apps « Co-creation workshops can raise awareness & Adoption
(+) eHealth improve quality (+) eHealth improve quality (+) eHealth improve quality with key . -
N R F
_ | ) Advantage of eHealth (+) Advantage of eHealth (+) Advantage of eHealth « Interdisciplinary IR team « Interdisciplinary team can Anoropriatene
S 2 | (2)Complexity of eHealth 5" (-2) Complexity of eHealth 4&hn (-2) Complexity of eHealth dehn o Basic ICT infrastructure: facilitate project pprop
£ 5 | () System lock/interruption <¢io (-) system lock/interruption c¢k1o (-) system lock/interruption <¢¥!° desktop, tablets & LAN il pl é ss
€5 | (+) Flexibility to customize apps (+) Flexibility to customize apps (+) Flexibility to customize apps system © Implementation process Intervention =
§ H (-) System interoperability & (-) System interoperability & (-) System interoperability & « UPS for server computer ¢ * _BES‘C ICT infrastructures Fidelity: S
E £ | integration with other apps integration with other apps ¢ integration with other apps o Training of HCPs on including UPS can help « adh ) <
ADHERE system (offsite system functionality erence to <
(-2) ICT Infrastructures © (-2) ICT Infrastructures © (-2) ICT Infrastructures © and onsite) © o ADHERE tool-based MCH ANC packages <
(-) Network interruption © (-2) Network interruption © (-2) Network interruption © « Adaptive tool for easy use services at POC can o Adherence to £
(-2) Dual documentation practice (-2) Dual documentation practice (-2) Dual documentation practice by HCPs improve adherence to L&D care %
(-) Electric power interruption ¢ (-) Electric power interruption ¢ (-2) Electric power interruption ¢ « eDecision support system MCH care packages c g
(-2) Workload/patient flow ¢ (+) Workload/patient flow (+) Workload/patient flow (eDss) ¢ « Training of HCP & HIT packages -
(-) Provid er-p tient i i M': (-) Provid: er-p tient interachur:l": ) Pruvidgr-paﬁent in(eracﬁo:": « minimizing system workers to alleviate o Partograph
(-2) Unsatisfactory IT support (-2) Unsatisfactory IT support (-2) Unsatisfactory IT support restrictions " technical and knowledge o scc
wp| (-2) Financial incentives (-2) Financial incentives (-2) Financial incentives o Regular supportive . ! d
.é (+) Backup generator/power (+) Backup generator/power (+2) Backup generator/power supervision from 8aps in tool use an:
Z| (9 Access to knowledge/tech (+) Access to knowledge/tech (-2) Access to knowledge/tech * collaborative team' acceptance.
5| @A) i an | (%) i (+) Management commitment o Review meeting with key * Local technical support
£| ()ICTinfrastructure damage, (-) ICT infrastructure damage, (-) ICT infrastructure damage, implementers’ team can prevent system
= i ima i & ma i . ; break due to minor
« Onsite technical support
i i i i i i i i team: Trained HIT PP problems
(+2) National/regional interest (+2) National/regional interest (+2) National/regional interest = Trai s . o Supportive supervision:
wo| (-2) eHealth vendors phase-out (-2) eHealth vendors phase-out (-2) eHealth vendors phase-out workers +active HCP leviat t" hnical -
£ (-2) Lack of guidelines & policies 2" (-2) Lack of guidelines & policies *" (-2) Lack of guidelines & policies 2" ® Assigned person to report can alleviate technica * Continuity of ®
E| () Legalissuesn (1) Legal issues =" () Legal issues = system operation and other maternity care 2
| (+) Contest b/n HFs for eHealth (+) Contest b/n HFs for eHealth (+) Contest b/n HFs for eHealth challenges' implementation gaps £
£| () political instability or civil war (-) Political instability or civil war (-) Political instability or civil war * Establishing multiple * Review meeting to share A
S| (+2) National interest on MCH (+2) National interest on MCH (+2) National interest on MCH communication channels progress, identify
such as telegram group ™ champions, give
(-2) Acceptance/attitude 2¢f&h (-2) Acceptance/attitude 2¢f&" (-2) Acceptance/attitude ¢ st * Onsite Iterative discussion feedback, and discuss
% | (-2) Computer literacy/skill * (-2) Computer literacy/skill ¢ (-2) Computer literacy/skill < " next-steps.
B | (-2) eHealth literacy/readiness ¢+ (-2) eHealth literacy/readiness ©¢* (-2) eHealth literacy/readiness "¢« * Inclusion of eHl progress  Assigning person to « Decrease
% | () Documentation habit 'i (-) Documentation habit'i (-) Documentation habit 'i into monthly MCH PR report system operation
T | () Health workers negligence '1° (-) Health workers negligence 'i® (-) Health workers negligence 'i° meeting ° challenge by multiple severe
H (+) Perceived-usefulness (+) Perceived-usefulness (+) Perceived-usefulness o Desktop-based communication channels maternal —_
S | () Technology-seeking *<¢ (-) Technology-seeking * < (-) Technology-seeking ¢ implementation » B outcomes S
® (+) Perceived ease of use (+) Perceived ease of use (+) Perceived ease of use « Local maintenance team ¢ can ease reporting =
3 i i i prevent prolonged e Decrease £
b} (-2/-) Delayed reporting system break (-2) Delayed reporting system (-2) Delayed reporting system =
% Imogq break 'moa break 'moa system interruption adverse birth L
=
2 | (-2) Fear of tablet theft or loss » E S outcomes =
2
(+2) Stakeholders’ engagement (+2) Stakeholders’ engagement (+2) Stakeholders’ engagement ¢ eHealth (ADHERE) * The control group g
., | () Promotion of eHealth solution (+) Promotion of eHealth solution (+) Promotion of eHealth solution intervention in the MCH receive MCH care as
2 | (+2) Interdisciplinary team; IT... (+2) Interdisciplinary team; IT... (+2) Interdisciplinary team; IT... care: ANC, delivery care & usual: Paper-based
S | (+2) Feedback and timely action (+2) Feedback and timely action (+2) Feedback and timely action PNCincluding newborn care MCH care
T (+) Troubleshooting guide& support (+) Troubleshooting guide& support (+) Troubleshooting guide& support

Fig. 2 Implementation research logic model (IRLM) adapted in the ADHERE project implementation research, Ethiopia. The ratings given imply
(+2) strong facilitator, (+) facilitator, (=2) strong barrier, () barrier and (—/+) mixed influence; superscript letters (a, b, ¢, ..., ) show the link
between determinants and proposed implementation strategies; bolded text indicates modifications to the determinants and implementation
strategies from the preparation phase to the implementation phase IRLM. eH/ eHealth innovation, HF healthcare facility, MCH maternal and child
health, IT information technology, LAN local area network, HCP healthcare provider, HIT health information technology, PR performance report, PNC

postnatal care

source and committed facility management. Access to
knowledge hubs including eHealth knowledge support
or sources, such as digital libraries, training centres or
academic institutions, was a strong challenge in remote
healthcare facilities, while it plays a facilitator role in
urban or peri-urban healthcare facilities.

Outer setting
We recognized Ethiopia’s strong national and regional
interest in digital health to transform its health systems.
This was expressed in the 2014 National eHealth Strategy
[9], the launch of Digital Health Innovation and Learning
Center [53], the 2009 and 2016 National ICT Policy and
Strategy documents [54, 55], the 2012 National Health
Information System Road Map [56], the 2016 Informa-
tion Revolution Roadmap [57], the Health Sector Trans-
formation Plan I and II [58, 59] and the 2021 Digital
Health Blue Print [60].

ADHERE project fitted well with the national and
regional priority on maternal and newborn health [61].
There was also strong institutional interest to deploy

EMR among urban healthcare facilities, but the inter-
est level declined among remote healthcare facilities.
The major challenges identified across the three contexts
were eHealth vendors phase-out, lack of guidelines and
policies for the design and implementation of eHealth
innovations, and legal issues attached to eHealth innova-
tion implementation. Evidence demonstrates that most
of the EMR or eHealth solutions deployed were donor-
driven and very liable to vendor phase-out. Moreover,
the occurrence of political instability or civil war in the
northern part of Ethiopia, which encompasses the study
area, could potentially hinder the successful implemen-
tation of the project. This is because it might divert the
government’s, development partners’ and other key
implementers’ attention towards emergency and humani-
tarian crisis responses, posing a long-term challenge for
the project’s success.

Individual characteristics
HCPs were the primary implementers of the eHealth
solution. The review synthesis and formative evaluation
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revealed various challenges potentially related to the
characteristics of HCPs which were similar across the
three eHealth implementation contexts. The main chal-
lenges were HCPs’ low acceptance or negative attitude to
eHealth innovations, low computer literacy, low eHealth
literacy or readiness, low data documenting habits
and health workers’ negligence. On the other hand, the
facilitators of eHealth implementation were HCPs’ per-
ceived ease of use, perceived usefulness of eHealth tool
and younger age. The remote and peri-urban healthcare
facilities were staffed with mostly young staff, whereas
the urban healthcare facilities had older and young
staff, which could be a potential barrier to eHealth
implementation.

During implementation, we recognized that the indi-
vidual characteristics of local health managers were
crucial for successful eHealth implementation. The man-
agers’ attitude or non-acceptance of eHealth solutions
were a strong barrier in urban healthcare facilities while
these factors didn't pose a significant challenge in peri-
urban and remote healthcare facilities.

Process

The eHealth implementation facilitators were engaging
stakeholders, promoting eHealth solutions by managers,
forming interdisciplinary teams, providing timely feed-
back and action and applying troubleshooting guidelines
and support from the core IR team.

Implementation strategies for eHealth

The implementation strategies were designed to address
implementation gaps or challenges at various levels:
individual, healthcare facility and health system. The
individual-level implementation strategies were train-
ing of HCPs on the ADHERE system and performance
review. We trained all the HCPs working in MCH units.
The implementation strategies that applied at the health-
care facility level were equipping healthcare facilities
with basic amenities to run the ADHERE system, tech-
nical support, healthcare facilities performance review
and provision of a troubleshooting guide. We set the
ADHERE system to function with the LAN system and
the project provided an uninterruptible power supply
(UPS) for the server computer set at each facility. The
health system level strategy was engaging key stakehold-
ers including health system managers at different levels
via co-creation workshops, iterative discussions, sup-
portive supervisions and review meetings.

We conducted two co-creation workshops during the
preparation phase of the project. The co-creation work-
shops laid the groundwork for stakeholder engagement
and gave a chance to refine the implementation strate-
gies. The first workshop was for 3 days in Addis Ababa. In
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the end, we established the core IR team with designated
roles and responsibilities (Table 1), developed an action
plan and refined the ADHERE tool and project protocol
according to the feedback. The second workshop was
conducted for 1 day in Bahir Dar City. We communicated
the project aim to key implementers with a practical
demonstration of the ADHERE system. Key implemen-
tation strategies were identified and refined during the
workshop.

We also conducted iterative discussions at each inter-
vention healthcare facility. The discussions helped us to
identify contextual challenges and propose implementa-
tion strategies to overcome the challenges.

During the ADHERE project implementation, we con-
ducted review meetings with key implementers. These
meetings included a general review meeting and on-
site review meetings. The general review meeting was
held at the half point of the project implementation and
was attended by district/city health department manag-
ers, healthcare facility managers, MCH case-team lead-
ers and coordinators and HCPs. During the meeting,
the implementation team made two consecutive pres-
entations: (1) overall ADHERE project progress and (2)
adaptive updates made on the ADHERE system. The gen-
eral review meeting allowed us to share best practices
between implementers, motivate implementation cham-
pions, identify implementation challenges and propose
potential solutions to mitigate the challenges. The review
meeting was successful in motivating HCPs, healthcare
facility managers and health office managers to perform
better on project implementation. After the review meet-
ing, competitive peer pressure emerged among interven-
tion healthcare facilities, resulting in improvement in the
use of tablets in some facilities.

As part of our implementation strategy, we engaged
multiple stakeholders in supportive supervision. Health
managers from Amhara Regional Health Bureau (ARHB),
city health departments and Amhara Public Health Insti-
tute (APHI) were involved in this process. By doing so,
they were able to monitor the project progress, identify
practical challenges in implementing eHealth systems
and provide feedback to the implementers.

Our interdisciplinary IR team was divided into three
subteams: study coordination, learning and support and
data management, as presented in Table 1. We also con-
tinuously improved the ADHERE system to make it more
user-friendly for healthcare providers at the point of care.

Implementation mechanisms

The project team proposed several ways to implement
eHealth. Co-creation platforms were crucial in raising
awareness, fostering a sense of ownership, customiz-
ing the eHealth innovation to suit the local context and
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getting stakeholders engaged in the implementation
of eHealth solutions. Additionally, they can help with
the acceptance, adoption and long-term success of the
intervention. Providing training for healthcare profes-
sionals on the proposed eHealth innovation can address
any technical or knowledge gaps in the implementation
process and increase the acceptability and adoption of
these solutions. The training comes in two types: an ini-
tial training in a computer lab setting and a 1-day on-site
hands-on training after deploying the ADHERE system.
Deploying ADHERE system-based MCH services at the
POC can improve adherence to MCH care packages due
to the built-in eDSS and mandatory fields. The configu-
ration of the ADHERE system to function with the LAN
system and the availability of a UPS for a server computer
help to mitigate the impact of short-duration network
and power interruptions during the project implementa-
tion. The implementation team designed these strategies
with the assumption that the availability of chargeable
tablets and UPS for server computers, when backed
up with a generator as an alternate power source, can
minimize system disruptions due to electric power
interruption.

The IR team meticulously planned and executed sup-
portive supervisions at each healthcare facility. We con-
ducted both regular and on-demand supervisions. These
supervisions provided an opportunity to identify imple-
mentation gaps and propose solutions, as well as offer
technical support for effective implementation. Addi-
tionally, the review meetings enabled the IR team and
participants to share implementation progress, recognize
implementation champions, provide feedback and dis-
cuss the way forward.

Implementation outcomes

We evaluated the ADHERE system by measuring its
acceptability, feasibility, implementation cost and fidel-
ity. As the primary users of the system, we focused on
the acceptability of the ADHERE system by HCPs. We
also measured the feasibility of the system by compar-
ing the time taken to record on ADHERE system with
the consultation duration and by assessing the resources
and capacity of the healthcare facilities to run and sus-
tain the system. To determine the implementation cost,
we planned to quantify the cost incurred from using
the ADHERE system in different healthcare settings.
Furthermore, we measured the implementation fidelity
by tracking the frequency of use of each recommended
intervention, timeliness of intervention, appropriate-
ness of intervention and proportion of high-risk mothers
detected. We also tracked adherence to ANC packages,
labour and delivery care packages and PNC. The data
source for implementation fidelity was obtained through
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regular data abstraction from clinical records and
ADHERE system data.

In addition to the implementation outcomes, we
planned to measure patient-level outcomes such as the
proportion of positive maternal and newborn health out-
comes among intervention and control groups. Positive
pregnancy and childbirth outcomes such as live-birth
rate, spontaneous vaginal delivery, term births and nor-
mal birthweight will be compared between intervention
and control healthcare facilities.

Learning through implementation

During intervention, we utilized the FRAME-IS frame-
work to document the adaptations and modifications
made. We made a few modifications to the IRLM we
developed during the preparation phase (Fig. 2).

First, we initially planned to implement the eHealth
innovation in six healthcare facilities. However, one facil-
ity was withdrawn from the study at the early stage of
the project implementation. We realized that manage-
ment support played a vital role in implementing eHealth
innovations. During the implementation, we observed
that most healthcare facility managers were strongly sup-
portive of eHealth implementation, while others either
provided partial support or completely blocked the
implementation.

Second, we planned to provide technical support for
healthcare facilities from the core implementation team.
However, a few months into implementation, we learned
that it was crucial to establish on-site technical sup-
port. The healthcare facility managers suggested that
the health information technology (HIT) workers in the
respective facilities could provide on-site technical sup-
port. We also realized that on-site technical support was
more critical for remote healthcare facilities than the eas-
ily accessible ones. As a result, we trained the HIT work-
ers at the intervention facilities to provide support for the
use of the ADHERE system. We also added one health-
care provider (HCP) with better computer skills, depend-
ing on the number of HIT workers available. The on-site
technical team provided technical support on basic com-
puter skills, was a troubleshooting guide and checked the
LAN system functionality. We found this strategy to be
effective in managing minor issues resulting in system
interruptions. The strategy was more effective when the
central team offered phone call guidance, when neces-
sary, to resolve the technical issues.

Third, during on-site iterative-discussions, HCPs
expressed their fear and anxiety about the ADHERE sys-
tem. They were concerned about the mandatory fields
and system restrictions, which hindered the adoption
and acceptability of the eHealth system. We understood
their concerns and realized that applying more system
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restrictions would only exacerbate their fears and anxi-
ety. Therefore, we decided to remove some of the system
restrictions to facilitate the ADHERE system adoption
and acceptability. For instance, in the case of ePartograph
use, there was initially a time restriction to enter meas-
urement dues. However, HCPs frequently expressed their
concerns about this feature of the system. To accom-
modate their concerns, we built an override to let HCPs
enter overdue measurements. The system will show a
warning message ‘time passed’ in red colour code to
ensure timely entry of measurements.

Additional lesson we learned during the implemen-
tation of the ADHERE system was related to the use of
tablets. We distributed both desktop computers and tab-
lets based on formative assessment results. Initially, we
thought that using tablets would make it easier for HCPs
to record patient data at the bedside, as tablets are port-
able and can be charged quickly. However, managing
the tablets in real-life situations proved to be challeng-
ing. Some HCPs requested additional tablets equal to
the number of staff they had, while others kept the tab-
lets in storage for fear of misuse. We also noticed that
some HCPs used the tablets for purposes unrelated to
the project. The practical challenges of managing tablets
were more serious in large and urban healthcare facilities
than in small and remote ones. To address this issue, we
proposed handing over the tablets, such as other medi-
cal devices, that are not subject to private use or are not
privately owned. However, this proposal raised concerns
about ownership, theft, loss and damage. As a strategic
modification, we decided to add more desktops to most
healthcare facilities and plan for more desktops than tab-
lets for similar future projects.

Finally, we observed delayed reporting of system inter-
ruptions. To address this issue, we assigned a responsi-
ble person and created a telegram group at each site.
However, we also faced challenges related to ICT infra-
structure damage, such as computer hardware and UPS
damage due to power fluctuations, and delays in main-
tenance and replacement. We proposed that the facility
itself should handle maintenance issues, but we learned
that there was no local maintenance team. To facilitate
timely maintenance of hardware such as computers and
UPS, we proposed the creation of a local hardware main-
tenance team.

Discussion

We adapted and used IRLM for the successful implemen-
tation of eHealth innovations across different healthcare
facility settings providing MCH care in Ethiopia. The pro-
posed IRLM facilitated the easy and successful planning,
execution, reporting and evaluation of eHealth innova-
tions in LMICs. Literature indicates that interventions
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involving eHealth innovations follow the principle of
complex interventions and best function when they are
customized to local conditions instead of being entirely
standardized [16]. For complex interventions such as
eHealth, implementation science provides the required
ideas and tools to ensure quality and increase healthcare
effectiveness [62]. Our study affirms that the IRLM pro-
vides a method to understand causal pathways, including
determinants, implementation strategies, mechanisms
and implementation outcomes in IR projects [21, 63].

During our project, we used IRLM to evaluate the fac-
tors that influence the implementation of eHealth, based
on the CFIR framework. We customized these factors
into three contexts: urban, peri-urban and remote health-
care facilities. Although this classification was helpful,
it did not capture all the unique characteristics of each
healthcare facility we observed during implementation.
However, we opted for this classification to streamline
the model. Smith et al. noted that the IRLM integrates
existing implementation science frameworks as its core
elements [21], including the CFIR framework [22], the
ERIC taxonomy for implementation strategies [24] and
the framework for implementation outcomes [12, 23].
Embedded in the IRLM, the CFIR domains and con-
structs can foster clarity regarding the implementation
effort and allow for comparability with other implemen-
tation studies [15]. The CFIR is a pragmatic meta-theo-
retical framework [22] that represents the synthesis of
19 theories associated with implementation science [64].
Proactively using the CFIR can identify relevant modifi-
able factors that promote or undermine the adoption,
implementation and maintenance of intervention [65].
Our proposed IRLM identified over 35 determinants
that may facilitate or hinder eHealth implementation
in resource-limited settings. We also suggested over 17
implementation strategies to overcome the challenges of
eHealth innovations by reviewing the ERIC taxonomy,
conducting formative assessments and ongoing evalua-
tions of the project implementation.

IRLM is a flexible tool that can be easily adapted to var-
ious complex interventions. Since its inception by Smith
et al. in 2020, a growing body of research has demon-
strated the usefulness and adaptable application of IRLM
in various circumstances. The exemplar works range
from the planning stage to the synthesis of the findings of
IR projects [66—76] and its adaptation to the clinical trial
setting [77]. Examples of IRLM include the implemen-
tation of exercise in cancer care field [73], screening in
colorectal cancer care in Malaysia field [76], smartphone
app-based model of care for patients with acute coronary
syndrome and heart failure in Australia field [68], strat-
egy for clinical practice guideline implementation in the
diagnosis and management of paediatric hypertension
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Field [69] and patient engagement in IR program field
[72]. Similarly, we adapted IRLM in the planning and
implementation of the ADHERE project, which aims to
improve the quality of ANC, delivery care and PNC by
using eHealth innovation in public healthcare facilities in
Ethiopia.

During the implementation process, we utilized the
IRLM and the FRAME-IS framework to document any
modifications or adaptations made to the implemen-
tation strategies. We also came across literature that
applied the FRAME-IS framework and acknowledged its
effectiveness in recording changes made to implementa-
tion strategies in the healthcare sector [78—81]. During
the project implementation phase, we made modifica-
tions to the IRLM that we had proposed during the prep-
aration phase based on our ongoing learnings. We
implemented several adaptive strategies that proved to be
successful, including having an on-site technical support
team, applying flexibility on system restrictions, adapt-
ing the eHealth system to the local context, implement-
ing the ADHERE system on desktops, designating a point
of contact for system outages and setting up a telegram
channel for communication at each implementation site.
We learned that using both the IRLM and the FRAME-IS
frameworks from planning to implementation stages, and
adapting the IRLM can help in designing, executing and
evaluating impactful implementation of future eHealth
innovations in LMICs contexts.

This study has limitations. The current eHealth innova-
tion implementation project does not involve the MCH
service clients’ perspective (consumers side), which could
be a potential limitation. The implementation challenges
of eHealth innovations involving MCH service users
and the corresponding implementation strategies to be
used may differ greatly from the one we suggested here.
Hence, the model we proposed here might not be directly
applied for implementation projects involving MCH
service customers such as women or other community
members. Another limitation of this study may be related
to the withdrawal of one health facility from intervention
arm. The withdrawal of any pre-planned health facility or
individual from a study may have impact on the project
since they were reasonably included in the study from the
outset.

Conclusions

Based on our research, we have found that the implemen-
tation research logic model (IRLM) is an effective and
comprehensive tool for planning, executing, reporting
and evaluating eHealth innovations, such as the ADHERE
system. In addition, the FRAME-IS framework was
deemed crucial for capturing adaptive strategies to over-
come emerging challenges during the implementation of
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quality improvement eHealth innovations in LMICs set-
tings. Our IRLM framework comprises over 35 barriers
or facilitators and 17 implementation strategies. The pro-
posed model illustrates the interaction between imple-
mentation determinants and implementation strategies
to achieve the intended outcomes. We strongly believe
that the newly adapted IRLM will assist researchers and
implementing partners in designing, executing, reporting
and evaluating impactful eHealth innovations implemen-
tation in LMICs settings. We also recommend to use the
FRAME-IS framework to capture adaptive implementa-
tion strategies to overcome emerging challenges during
the implementation of eHealth innovations in resource-
limited settings.
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