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Abstract

Background

Electronic Health Records (EHRs) are being introduced worldwide and are
necessary to update modern healthcare. The introduction of EHRs however is
complex and is dependent on a myriad of factors. One key factor in successful EHR
implementations is workflows and workflow compliance. Through acceptable
workflow designs, clinicians can document appropriate clinical information at
source which can be used for clinical decision making and contribute to patient
care improvements. In the Republic of Ireland, a national EHR is being introduced
for women and their babies- the Maternal and Newborn - Clinical Management

System (MN-CMS) EHR provides the research environment for this thesis.

Aims and Objectives

This thesis aims to (1) To assess the role workflows play in the successful
implementation of an EHR (2) Explore the potential aspects of Implementation
Science - using the Normalisation Process Theory (NPT) for evaluation of a
successful implementation of an EHR and (3) Can EHR user interfaces be improved
with clinician engagement to better facilitate input and management of healthcare

data?

Methods

Primarily quantitative methods, with some qualitative methods, were used for the
research contained in this thesis. From exploration of implementation science
literature, the Normalisation Process Theory was identified as being useful in

complex and technological changes and the various implementation strategies and

15



outcomes are explored. A retrospective document review was undertaken of the
MN-CMS Phase One Closure Report to identify the key lessons learned. A
retrospective document review was also undertaken to analyse the MN-CMS
workflows. The process of workflow design was outlined and evaluated using the
AACTT Framework (Actor, Action, Context, Time, Target). Healthcare clinicians
(nurses n=76; doctors n=29) workflow compliance was quantifiably measured
using background system audit logs and system reports to gain a comprehensive
analysis of the workflow compliance. Data were analysed using means and
standard deviations. Pre — Post mean differences, and their 95% confidence
intervals were calculated and their statistical significant was assessed based on p-
values derived from paired t-tests (nurses) and independent t-tests (doctors). The
final study of this thesis was improving data quality of newborn feeding in the EHR.
Firstly, an expert multidisciplinary group (n=38) were used to design the changes
to feeding data entry and review components. Then a quantitative pre-post design
was used to assess feeding documentation from newborns electronic records (n=
322). Descriptive statistics and Pearson’s Chi-Square were used to assess pre-post
differences and statistical significance. A focus group (n=5) was conducted post

implementation and data were analysed using reflexive thematic analysis.

Results

This thesis has focused on the Normalisation Process Theory as providing a useful
framework for complex changes such as EHR implementation. The use of the
AACTT framework is specifically useful in guiding workflow developments. This
research has identified key lessons learned and recommendations for a large scale

EHR implementation in terms of the planning, implementation and optimisation

16



phases. The key role workflows play in EHR implementation was identified through
a retrospective assessment of patient focused workflows from the MN-CMS with
modifications and a new workflow successfully implemented using the AACTT
framework. Quantifiably measuring workflow compliance identified that the
introduction of a new patient summary page demonstrated some very positive
changes and adoption of the EHR. Finally, following a collaborative approach to
redesigning newborn feeding within an EHR, data completeness significantly

improved.

Conclusion

This thesis has explored the benefits of the Normalisation Process Theory and the
AACTT Framework in implementing EHRs and the key role of workflow
development and evaluation. Appropriately designed workflows can underpin the
EHR and encourage appropriate and accurate data entry. This thesis has also
identified that the EHR system design can be improved with clinician user

engagement to improve data input in the EHR.
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Chapter 1

Introduction



Chapter 1- Introduction

1.1 Introduction

Electronic Health Records (EHRs) are being introduced worldwide across
Europe, North America, Australasia, and the Middle East! and they are essential to
attempt to modernise healthcare?. The benefits of EHR utilisation include
enhancing the availability of patient data for health care providers and promoting
health equity3. According to the International Organization for Standardization
(ISO) an EHR is ‘a repository of information regarding the health status of a subject
of care, in computer processable form’4. Healthcare can generate huge volumes of
data daily> and the delivery of safe and effective healthcare can depend on the
availability of accurate and up-to-date data in a legible, reliable and timely
manner>®, The introduction of EHRs in the healthcare setting has been described
as complex’ particularly in the hospital setting compared to private industry, due
to the nature of the organisational setting that involves caring and curing, data
security, confidentiality and data accuracy®. Many complex steps have been
identified in the implementation of an EHR from procurement, design, building,
testing, training through to adoption and optimisation®. A hospital wide EHR
implementation needs to consider a number of organizational, human, and
technological factors as well as organizational structure, culture, technical

infrastructure, financial resources, and coordination®°.

The World Health Organisation (WHO) define eHealth as the use of
Information and Communication Technologies (ICT) for health and eHealth is

recognised as one of the most rapidly growing areas in health today, transforming
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the delivery of health services and systems across the world*°. The European Union
(EU) recognises that eHealth can benefit patients, health professionals and also
health organisations and public authorities, facilitate socio-economic inclusion and
equity and provide greater transparency through access to services and
information!!. At a national level, Ireland’s digital health strategy published in
2013° states that eHealth is a critical enabler of best-practice health systems and
care delivery®. eHealth is essential to improve efficiency, effectiveness and quality
and safety of patient services®. The availability of timely and accurate information
is key to the provider-patient relationship to result in improved outcomes®. eHealth
involves the integration of all information and knowledge sources in the delivery
of healthcare via technology-based systems® such as patient based registration
systems and EHRs. The national Sldintecare Implementation Strategy and Action
Plan (2021-2023) report, highlights the need for state funded investment in digital
health solutions and EHRs, as key enablers for the health service reform and aiming
to achieve a single tier health service for all*?. Although health budget allocations
have increased for digital health, there is a need for further investment to facilitate

integrated EHRs as recommended under Sldintecare!?.

The development of the first national EHR in Ireland was one of the key
recommendations from the Lourdes Inquiry in 2006, an inquiry into peripartum
hysterectomies at Our Lady of Lourdes Hospital in Drogheda!®. The
recommendations in Judge Harding Clark’s report included, among others, that an
electronic system of data storage be implemented and that relevant staff receive
training and education on computer skills and systems?3. It was from here that the
Maternal and Newborn - Clinical Management System (MN-CMS) was developed,
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a single national record and repository of clinical data for women and their babies

in the maternity services in Ireland.

1.2 Healthcare Data

The availability of standardised and structured data has the potential to
greatly enhance patient care and patient outcomes4. EHRs, such as MN-CMS, can
facilitate this data capture to provide up to date clinical information available at
the patient’s bedside for clinical decisions of care. Clinical healthcare data are at
the core of all good work in the health services!* contributing to health research
for new treatments and care for patients'*. Healthcare data can be used to inform
audit and improve practices and with appropriate analytics has the potential to
improve quality, safety and the cost effectiveness of care across the health
service®. Healthcare data has the potential to contribute to dashboards and
artificial intelligence (Al). Al based algorithms can often perform better than
humans for characterisation and prognosis of disease in patients based on imaging
and biomarkers from their EHR'®. The advancement of the data science and Al field
has been rapid in recent years due to a number of factors namely, a larger data
collection of data libraries, increased computer processing speeds and a larger
talent pool of Al engineers'®. This could potentially provide a paradigm shift for

healthcare and society®®.

1.3 Electronic Health Record Implementation

At an international level, no other country has achieved a fully

interoperable national EHR within the community or acute care settings®1617.
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Although there have been many successful implementations of an EHR within a
single hospital setting, health systems and health trusts within countries such the
United States, United Kingdom, Denmark, Serbia, and Sweden from which we can
draw immense knowledge, the key success of an implementation is multi-faceted.
Most countries depend on a shared data platform of healthcare information, such
as in Singapore where multiple clinical systems contribute to one national platform
of standardised data'®The process and framework of the implementation of an
EHR in the hospital setting is varied and complex and is equally described as such
in the literature’. Maguire and colleagues highlight the need for flexibility in the
digital change transformation and treating the digital change more like a clinical
change rather than an ICT Project has a positive effective on a successful large-
scale implementation’. Fennelly and colleagues review EHR implementation under
organisational factors, human factors and technological factors®. This systematic
review by Fennelly et al, identified key organisational, human and technological
factors for a successful EHR implementation. Each health system or hospital can
vary based on size, structure and type of healthcare delivery however there are
numerous identified factors which are relevant throughout the implementation
process®. Organisational factors such as governance, leadership, culture, end-user
involvement, training, support, resourcing and workflows are all essential in EHR
implementation®%29, Many human factors have been identified in a successful
implementation such as the skills and characteristics of those individuals involved,
their perceived benefits and incentives and their perceived changes to the health
ecosystem such as concerns regarding data privacy®'>?°. Additionally, many

technological factors have been identified in an EHR success such as the EHR
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usability, interoperability with other health care organisations, infrastructure
(including the hardware, software and connectivity points), regulation standards
and policies, adaptability of the software and comprehensive testing are all critical
elements in a successful EHR implementation®?°. The optimal usability of an EHR
in the clinical setting can support clinicians in achieving their goals in a safe and
effective manner?222, End-user clinician involvement in the EHR design is a critical
step to success for the entire organisation to promote efficiency, productivity and
satisfaction through appropriate workflow development at the outset of design
92023 |n order to facilitate adoption of the EHR to the end-user workflows within
the healthcare organisation, the actual software product needs to be flexible”%.
Fixed solutions should not be enforced on health care professionals’?*. For a
successful adoption, flexibility and customisation are essential in meeting the
needs of the end users in order to achieve the work practices of the organisation

and at the same time being compliant with their workflows.

1.3.1 Importance of Workflows

Despite a myriad of factors involved in a successful EHR implementation as
discussed above, this thesis focuses on the importance of workflows in this
process. A key element to successful implementation identified in the literature is
workflows and workflow development®?>26, A workflow is a series of steps
enacted to perform a certain clinical activity?®. The concept of workflows is often
undervalued in the implementation process but creating and adapting both the
technology and work practices in workflow development, is a key factor is the

implementation of the EHR®. More information is needed around the structure and
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work processes involved in helping end users realise the benefits of a health

information system?’.

The critical importance of workflows is alluded to in many reviews where the
success of the EHR implementation is associated with the compatibility of the EHR
system and the end-user workflow!%2324 Large scale EHR implementations fail on
workflows at the front line rather than because of failed technology?® and an
understanding, standardising and testing of workflows is recommended for a
successful implementation?®. In particular patient driven workflows need to be
part of the system design rather than being process or task driven®. Workflows
should fit the organisation and the end-users, be optimised as much as possible
and that any disruption to end users should be kept to a minimum?®. The end-users
of hospital based EHRs are healthcare professionals. Healthcare professionals
provide evidence-based medicine and care to patients?’. In high acuity
environments, they examine, diagnose, treat and prevent illness and injury?’. EHR
based workflows need to complement their work processes and tasks, and not
hinder clinical care provision. There is a variety of literature published on the
failure of workflows at the frontline which led to a failure of the EHR
implementation as a whole in some organisations. Emergency Departments, for
example, are identified as an area having an erratic workflow due to emergency
presentations with intermittent computer interactions and a variety of
medications timings?®. Poor workflow development can also contribute to
workflow fragmentation while attempting to complete a clinical task which
increases end-user dissatisfaction with the EHR due to the task switching
required?®. An example of a fragmented workflow is a user logging off one
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computer to log onto another to enable printing of laboratory specimen labels or
discharge summaries or repeatedly logging into a computer due to short time-
outs?®, Patient orientated workflows include a number of clinicians interacting to
provide patient care and the needs of the patient binds and choreographs the
essential elements of the workflow?°. These elements and actions need to be
mapped out in a chronological manner with the specific clinicians to provide a
process map of which steps are followed in which order to complete the clinical
task in providing patient care and documenting that care in the EHR. The
importance of workflows is highlighted as being the very foundation of EHR build
and design®. Some literature highlights the adaption of workflows post go live in
an attempt to facilitate adoption and enhance end user satisfaction3%31,
Understanding workflow processes and designing workflows has therefore been

highlighted as a key focus for this thesis.

1.3.2 Normalisation Process Theory and EHR Implementation

While acknowledging the variety of factors involved in an EHR Implementation
such as those mentioned previously around human, organisational and
technological factors, this thesis also focuses on the importance of a scientific
framework around the implementation process itself. The scientific field of
implementation science provides many theories, models and frameworks for
various healthcare implementation projects. From hundreds of various
frameworks identified in the literature, the Normalisation Process Theory (NPT),
was identified from the literature for complex and technological changes (such as

EHR implementation) which focus on organisational and behavioural changes 32~
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34 The NPT was developed using sociology tools to understand and explain social
processes through which new practices are enacted in the health care setting®>.
The NPT is particularly appropriate for EHR implementation as it has been
described as a theory of action and has a starting point of looking at what people
do and how they do it3> and additionally addressing what is changing and for whom
it is changing3®. This is similar to EHR-based patient orientated workflows, where
the process map is developed from the task/action each healthcare professional
needs to undertake in order to complete the workflow. This thesis therefore

focuses on the NPT as an appropriate framework for EHR implementation.

1.4 Research Environment

The implementation of the EHR in the Maternity Services in Ireland was a seminal
moment in the digital maturity of the country. The MN-CMS pathfinder project is
the design and implementation of an EHR for all women and babies in the
maternity and gynecology services in the Republic of Ireland®’. It is for this reason,
the MN-CMS provided an optimum research environment for this thesis. The MN-
CMS is a significant development in healthcare, the first electronic national system
in maternity and newborn care anywhere in the world. The introduction of the
MN-CMS is a necessary step in modernizing health care and aligns with the
strategic goals of the Department of Health and the eHealth Ireland digital
roadmap®. At an international level, this national EHR implementation is the first
of its kind as no other country has achieved a fully interoperable national EHR
within the community or acute care settings>'%'’. The MN-CMS includes all the

relevant processes required including order communication, medications,
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anesthesia, and theatre as well as all clinical documentation for maternity,
newborn, and gynecology (See Figure 1.1). Laboratory orders are a closed loop of
order communication from initial order placement to laboratory resulting and
clinical endorsement and review of results. Medications are fully electronically
prescribed with assisted decision support and electronic recording of
administration. The MN-CMS has the potential to design the most cost-effective
models of care and establish a national epidemiological database3® which will

inform national clinical care, audit, research and business intelligence.

With a national birth rate of 57,540 in 2022 3%, MN-CMS currently supports 40% of
the births in Ireland, in 4 maternity hospitals/units, with a plan to implement to all
19 maternity units in the country 37. The maternity units in Ireland vary in size, the
smallest unit has about 1,000 deliveries per year and the largest unit has over
8,000- 9,500 deliveries*®*1, The MN-CMS project is planned to roll out on a phased
basis to all 19 maternity units in the country. Each phase of the project will include
a specified number of maternity units/hospitals. Phase One of the MN-CMS project

included 4 maternity units implementing the EHR.
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Figure 1. 1: Connected elements of the MIN-CMS project including Maternity,
NICU, Medications and reporting.

The four hospitals included in Phase One were Cork University Maternity Hospital,
University Hospital Kerry, The Rotunda Hospital and The National Maternity
Hospital. The different phases of the implementation project will be discussed in

Chapter 3.

Following completion of the phase one of the implementation project in
2018, the MN-CMS is currently live and in use in 4 Maternity hospitals/units. These
4 maternity hospitals encompass 40% of births in Ireland. Cork University
Maternity Hospital (CUMH) is a tertiary hospital with approximately 7,000 births
per year®?, and the only tri-located maternity hospital in the country. A tri-located
maternity hospital has both specialist paediatrics and adult services on campus.

The CUMH went live with the EHR in December 2016. University Hospital Kerry
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(UHK) is a smaller maternity unit within a general hospital with approximately
1,200 births per year®? went live in March 2017. Two further tertiary stand-alone
maternity hospitals went live with the MN-CMS — the Rotunda Hospital with
approximately 8,000 births per year*! introduced the EHR in November 2017 and
the National Maternity Hospital (NMH) with approximately 7,000 births per year*

adopted the EHR in January 2018.

The MN-CMS will continue to be implemented to all maternity units in the
country on a phased basis. Phase two of the project began in 2024 with the
inclusion of The Coombe Women and Infants University Hospital (CWIUH), the
fourth and final tertiary hospital, and University Maternity Hospital Limerick
(UMHL). The completion of phase two will encompass approximately 60% of births
on the MN-CMS EHR. The MN-CMS EHR provides a large repository of clinical
information and generates multiple national reports. Access to these clinical data
is controlled by a number of systems both nationally and locally. At a national level,
access to clinical data and user reports is governed by the MN-CMS Information
Governance Group (IGG). At CUMH and UHK, both hospitals in the Ireland South
Women and Infant Directorate are governed by the Clinical Research Ethics
Committee (CREC) and Social Research Ethics Committee (SREC) at University
College Cork (UCC) and locally through the Local Information Governance Group
(LIGG) for Ireland South Women and Infants Directorate. The Rotunda and NMH
Hospitals are each governed by their own research ethics boards, the Rotunda
Hospital Ethics Committee, and the National Maternity Hospital Research Ethics

Committee. Access to all clinical data and user activity used in this thesis was
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approved both nationally by MN-CMS IGG and locally by each LIGG/ethics

committee for the relevant hospitals/groups.

1.4.1 Neonatal Intensive Care Unit

The Neonatal Intensive Care Unit (NICU) is a specialised area caring for
preterm and sick newborns. In the field of medicine, neonatology is in fact a
relatively new medical speciality, which has evolved rapidly over the last 50-60

years**4> However, as far back at 1923, Dr J.W. Ballantyne predicted that

“The specialist in neonatal diseases and the nurse intensively trained and
expert in the management of delicate newborns will be commonplace ere

long”*>.

It was in the 1920’s in Coney Island, New York, that Dr Martin Couney displayed
premature babies in incubators, charging viewers for entry and in turn saving many
lives of preterm babies with adequate thermoregulation®®. From here neonatology
faced many challenging years of managing oxygenation, ventilation, and nutrition
for preterm babies. World renowned musician, Stevie Wonder, was born six weeks
premature in 1950, and lost his sight due to Retinopathy of Prematurity (ROP) most
likely due to too much oxygen in the newborn period®. However, it was in 1963,
when United States (US) President John F. Kennedy’s son, Patrick, died following
his preterm birth, that the specialist field of neonatology gained momentum. Born
at approximately 34weeks gestation and weighting 2.1kgs it has been reported his
cause of death was Hyaline Membrane Disease (HMD)*” now commonly called
Respiratory Distress Syndrome (RDS) due to surfactant deficiency. Following this

high-profile premature newborn’s death, research funding increased in the US and
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the field of neonatology grew*’. Neonatal intensive care has grown rapidly and has
been very effective in reducing mortality and morbidity of newborns#* through
advances in ventilation, preterm formulae, parenteral nutritional and
improvements in newborn developmental care. These changes in newborn care
have resulted from research, audit and practice improvements which have all
began with reviewing and analysing healthcare data leading to better outcomes
for newborns. Today newborn healthcare data from around the world is compiled
in the Vermont Oxford Network (VON) database, which provides a neutral and
independent platform, in analysing and providing benchmarking data for centres
to identify local opportunities to improve newborn care®. Likewise, in Ireland,
newborn data is compiled by the National Perinatal Epidemiology Centre (NPEC)
for reports such as the Very Low Birth Weight report® or the Therapeutic
Hypothermia Report. Through such data analyses, key recommendations have
been made to improve neonatal outcomes such as the recommendation that
babies born before 28 weeks gestation in Ireland, should ideally be delivered in a
maternity hospital with a tertiary neonatal unit for an better chance of survival

without major morbidity*°.

The British Association of Perinatal Medicine (BAPM) have been reviewing
standards for neonatal care for over 30 years and recommend that neonatal
intensive care should only be provided in larger neonatal units*. The larger units
with the highest levels of activity have better outcomes and smaller units are
amalgamated into a network of support from the tertiary unit**. A tertiary
neonatal unit should be staffed by a neonatologist at all times and have adequate
neonatal nursing staffing ratios according to the BAPM guidelines®.
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The NICU is a particularly appropriate area to focus research on for EHR
implementation firstly due to it being an emerging technological area of medicine
with complex ventilation, observation methods such as continuous vital signs,
electroencephalography, therapeutic hypothermia, and close nutritional
management. As newborns have a EHR from birth, they generate extensive and
high-dimensional data through their continuous monitoring®. With an EHR from
birth, a newborn will have a complete picture of their clinical state >° throughout
their NICU journey and it is therefore essential this is represented accurately for
the entire health care team to access and provide optimum care. For this reason,
the focus of EHR implementation through workflow development and accurate

data acquisition is essential for the most vulnerable population of neonates.

1.5 Methods

This thesis explored the implementation of an EHR, and the various factors
that can influence a successful implementation. The author has a key role
within the national project implementation team for the MN-CMS and had the
opportunity to explore the implementation process first hand. The methods
used for this thesis include primarily quantitative methods with some
qualitative research in chapter 6 to fully capture the implementation process
and factors that can influence a successful implementation primarily around
patient centred workflows. The implementation of evidence-based practices in
healthcare can be problematic and theories, models and frameworks from
implementation science framed the research in this thesis for workflow

development and overall EHR implementation. As the MN-CMS is continuing
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to roll out into phase two in 2024, it was key for this research to identify
important recommendations for the EHR implementation in the MN-CMS
project and for the Irish Health Care System. As the author is the Neonatal
Intensive Care Unit (NICU) workstream lead for the MN-CMS, the research in
this thesis primarily focuses on the NICU and the NICU workflows however the
findings and recommendations are generalisable to any EHR implementation.
The author used various data collection and analysis methods including
document reviews, background audit log files from the EHR and activity reports
generated from the system for quantitative pre post assessments. Quantitative
data were analysed using SPSS 27 and 28 using descriptive statistics,
crosstabulation, pre/post mean differences and their 95% Confidence Intervals
were calculated. Independent t-tests and Paired t-tests and Pearson’s Chi-
Square was used to calculate statistical significance. Poisson regression testing
was also used with Stata software. Qualitative research was conducted with
expert end users of the system and a focus group. Qualitative data were
analysed using reflexive thematic analysis methods based on Braun and Clarke
process®°2 using manual coding and NVivo 14 software to assist. Despite a
myriad of factors influencing EHR implementation, this author focused the
research on workflows, measuring workflows, and the key role workflows play
in a successful EHR implementation. A successful implementation, leading to
user’s workflow compliance, can help realise the benefits of EHRs in
healthcare, including a core national database of standardised clinical data
which has immense potential in improving healthcare delivery through audit,

policy development and frontline clinical care. The entry of clinical data
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through EHR use can transform these data to useful clinical information which
can be used to inform clinicians of a patient’s condition, therefore transforming
information to knowledge. This, however, can only be realised if end user
workflows have aligned with the clinical process and software development to

ensure data are captured in an amenable way to frontline clinicians.

1.6 Summary

In summary, this thesis will outline EHR implementation in the Maternity
services in Ireland, with a particular focus on NICU, and the importance of
workflows, and workflow compliance to ensure data completeness and quality.
Implementation Science provides a theoretical framework for implementation
and the Normalisation Process Theory will be discussed in detail. This thesis
will present a number of publications in relation to MN-CMS EHR
implementation, implementation science, workflows, and workflow
measurement. Adherence to workflows during clinical practice and utilising
EHRs can enhance data entry and the information available across all members
of the multidisciplinary team providing direct patient care. Accurate and up to
date information available in a timely manner, can improve patient outcomes,
and contribute greatly to audit, policy development, and improvements in

patient care.
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1.7 Thesis Outline

At the outset of this project, the author wanted to explore the
implementation of an EHR focusing on workflows, workflow development and

workflow measurement.

Chapter 2 identifies the important role implementation science plays in

complex healthcare changes and in particular the NPT.

Chapter 3 is a publication of a document review of the phase one closure
report from MN-CMS, a single national EHR for mothers and their babies in the
Republic of Ireland. This publication highlights the key lessons learned at each

stage of the project.

Through implementation science, this thesis then focuses on workflows in
chapter 4 and the importance of workflows in everyday practice. The process of
workflow mapping is outlined, and the actual workflow design is retrospectively
assessed based on an implementation science framework to assess adherence to

certain criteria. A new workflow is implemented using the AACTT framework.

The author then progressed to measuring compliance to certain workflows
in two research studies. Chapter 5 details the quantitative measured workflows of
doctors and nurses in the NICU in one hospital following an upgrade to the patient
summary page. Improvements were observed in workflow compliance for both

groups leading to more standardised and structured data being observed.

In chapter 6 the author engages key end users to improve the software
design of one particular and critical workflow for newborn feeding. A pre-post

guantitative measurement is conducted to assess the quality of documentation in
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the EHR. Qualitative research is used to gain insight, opinions and perceptions of

clinician end users.

A summation of the relevance of this research to the areas of practice,
policy and research is presented to focus attention of the relevance of this research
to each of these key areas in healthcare and to make some recommendations for

further clinical practice, healthcare policy and research.
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1.8 Aims and Objectives of each chapter

CHAPTER TITLE AIMS & OBIJECTIVES

2 Implementation Science  This chapter explores the
role of implementation
science in complex
healthcare changes such as
EHR development and in
particular explores the use
of the NPT for evaluating
successful implementation
of an EHR.

3 Introduction of a Single This chapterisa
Electronic Health Record retrospective document
for Maternity Units in review of the
Ireland: Outline of the implementation of the MN-
Experiences of the CMS based on the phase
Project Management one closure report and
Team identifies the key lessons

learned at each stage of
the project: planning,
implementation, and
optimisation phases.
4 Workflows This chapter looks at
assessing the role
workflows play in the
successful implementation
of an EHR.
5 Impact of an Upgraded This chapter measures
Patient Summary Page: workflow compliance for
Measuring Workflow NICU doctors and nurses
Compliance in a Neonatal following an upgraded
Electronic Health Record  patient summary page.

6 Improving the quality of This chapter assesses if an

newborn feeding
documentation in an
electronic health record
using a mixed method
approach

EHR user interface can be
improved with user
engagement to better
facilitate input and
management of healthcare
data.

Data quality is measured
pre and post the changes.
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Chapter 2

Implementation Science

Publication:

Sheehan O, Murphy B, Corcoran P, McKernan J, Greene R. (2023) Complex health
care changes: can implementation science help? MIDRS Midwifery Digest, 33 (2)
118-121.

Abstract and Poster Presentation:

Sheehan O, Bradfield L, McNabola G, Finch K, Kehoe B, Cleary B, Murphy B,
McKernan J, Greene R. (2023). Implementing a process to print medication
infusion labels in neonatal intensive care units using implementation science.

Presented at:

The 5% Joint European Neonatal Societies Conference (JENS). Rome, ltaly.
September 2023.
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Chapter 2 — Implementation Science

2.1 Abstract

Background

Implementation Science is the study of methods to promote the uptake of an

evidence-based practice into the everyday routine practice of healthcare clinicians.
Objectives

To explore useful theories, models, and frameworks focusing on the Normalisation
Process Model, along with implementation strategies and outcomes, for use in the

implementation of healthcare based EHRs.
Methods

The many theories, models and frameworks of implementation science were
explored and their use in health care to implement an evidence-based practice.
The theories, models and frameworks were categorised based on prominent

literature. Implementation strategies and outcomes were outlined.
Results

Implementation Science and its use in maternity and neonatal healthcare is
identified and in particular its benefits for EHR implementation. This chapter
focused on one particular theory called the Normalisation Process Theory and its
use in applying EHR implementation practice to be part of everyday practice.

Finally, a new EHR workflow was implemented using the AACTT Framework.
Conclusion

This chapter summarises implementation science by outlining theories, models
and frameworks, implementation strategies and implementation outcomes which
can be used to implement new policy and practices in the healthcare setting. In
particular, the Normalisation Process Theory is outlined, and a new EHR based

workflow is implemented using the AACTT framework.
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2.2 Introduction

This chapter aims to introduce the concept of implementation science and
its use in healthcare and in particular Electronic Health Record (EHR)
implementation. Firstly, implementation science will be broadly defined and its use
in healthcare will be discussed. The theories, models and frameworks will be
outlined, followed by implementation strategies and implementation outcomes.
The use of implementation science in maternity and neonatal care will be explored
and the use of implementation science guiding EHR implementations in complex
healthcare settings will be discussed. Finally, one theory will be explored in detail

and applied to EHR implementation and workflow development.

2.3 Implementation Science

Implementation science is defined as the scientific study of methods to
promote the systemic uptake of evidence-based practice and research findings into
everyday routine practice and thereby improving the quality and effectiveness of
healthcare®3. Implementation science has emerged primarily to advance evidence-
based population health with aims to address the challenges of implementing
research-based findings into healthcare practice and health policy across all health
care spaces >+, Early implementation science was empirically driven without any
real theoretical frameworks®>. The main goals of implementation science are to
bridge the gap between theory and practice. There are as many as 100 terms to
describe this knowledge translation into practice®® such as Translational research,
Dissemination and Implementation (D&I) research or most commonly

Implementation Science. The core elements of implementation science are the
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evidence-based practice or innovation/intervention to be implemented (“the
thing”), the strategy used to implement it (“the how”) and the implementation
outcomes which are “how well” the people or organisation do “the thing”.
Implementation science in itself is the study of methods, to identify barriers and
facilitators across multiple contexts and develop strategies to address these

barriers and facilitators °.

2.4 Theories, Models and Frameworks

Over the past 20 years, the use of structured theories, models and frameworks
have emerged, and are being recognised in implementation science in order to
facilitate implementation>. Nilsen (2015) provides a very useful taxonomy of
Theories, Models and Frameworks (TMF) based on a narrative review of selective
literature including books and prominent implementation science journals. The
terms, theories, models and frameworks are often used interchangeably in
implementations science °> however Nilsen (2015) has categorised the TMFs into

the following:

e Process Models

e Determinant Frameworks

e C(Classic Theories

e Implementation Frameworks

Evaluation Frameworks

A process model will aim to describe or guide the process of translating research
into practice by specifying steps or stages in the process®>. Examples of process

models are the Canadian Institute of Health Research (CHIR) Model of Knowledge
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Translation®’, the Ottawa Model®® and the Quality Implementation Framework>®.
A determinant framework will specify types of determinants (or domains) which
act as barriers and facilitators that may affect the implementation outcomes>.
Some determinant frameworks will also describe the relationship between
determinants®. The overall aim of the determinant framework is to understand
and explain what influences the implementation outcomes either prospectively or
retrospectively>®. The most frequently referenced® determinant framework in the
literature is the Consolidated Framework for Implementation Research (CFIR)®?.
Classic theories are those which have originated external to implementation
science such as those from psychology or sociology>. Classic theories such as the
Theory of Diffusion®? which is useful in identifying early adopters of change.
Implementation theories are theories which have been developed by
implementation scientists®. Implementation theories provide an understanding of
aspects of the implementation and allow due recognition for the organisational
context®>. The Normalisation Process Theory (NPT) is a common example of
implementation theories®?. This framework is useful as it explains the
normalisation of complex interventions to promote or inhibit the complex
embedding of interventions3? and has been used to frame the implementation of
an EHR?2, Finally, evaluation frameworks specify aspects of the implementation
that could be evaluated in order to determine the success of the implementation>.
Examples of such frameworks include the Reach, Effectiveness, Adoption,
Implementation and Maintenance (RE-AIM) 6394 or indeed the framework outlined
by Proctor in evaluating implementation outcomes®. Having outlined the

taxonomy of TMFs, the aim of using an appropriate TMF(s) are to (1) describe or
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guide the process of research into practice, (2) understand or explain what

influences outcomes and (3) to evaluate the implementation®®.

2.5 Implementation Strategies

Implementation strategies are the “how” we implement and are just as
important as “what” we implement. An implementation strategy is defined as the
methods or techniques used to enhance the adoption, implementation,
sustainment and scale-up of a program, practice or change®®. The
implementation strategy is how we seek to get the evidence-based change into
practice. There may be a discrete strategy (single action of process), or multi-
faceted strategies (combining multiple actions) needed to achieve the project
aims. Implementation strategies can be used to address contextual barriers or
enablers during different phases of implementation and is a growing field of
research in implementation science®. For example, training alone cannot be the
only strategy used to implement a new policy or change to practice® particularly
if an organisational level of poor culture is not addressed®. Utilisation of strategies
should align with the barriers and facilitators identified in various stages
throughout the project e.g., if leadership is needed, then the strategy needs to be
identifying and preparing champions or if there are gaps in knowledge then
training should be the strategy. There have been some important publications on
strategies by Powell and colleagues in terms of collating Expert Recommendations
for Implementation Change (ERIC)®8. This publication of ERIC strategies clearly
outlines the numerous strategies that can be utilised for implementation projects

and is an important piece of research to standardise the terms and definitions for
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strategies used in implementation science®® 70, The ERIC strategies are extremely
useful and the compilation of each of the 73 strategies are defined to aid in the
implementation process®®. The definition and categorisation of implementation
strategies is essential to use in practice and research, and their definitions should
be precise enough to enable measurement and reproducibility in research®’. The
work of the ERIC strategies was further developed to cluster the strategies based
on their conceptual relationships- nine clusters of implementation strategies were
developed’!. The nine clusters of implementation strategies and examples of each

are listed below’?:
1. Use of evaluative and iterative strategies
e.g. Identify barriers and facilitators
2. Adapt and tailor to context
e.g. Tailor strategies
3. Train and educate stakeholders
e.g. Conduct ongoing training
4. Engage consumers
e.g. Involve consumers and family members
5. Change infrastructure
e.g. Change physical structures
6. Provide iterative assistance
e.g. Clinical supervision

7. Develop stakeholder interrelationships
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e.g. ldentify and prepare champions

8. Support clinicians
e.g. Develop resource sharing
9. Use financial strategies

e.g. Access new funding

Multiple strategies could be used from different clusters to support the
implementation of an evidence- based change for example identifying barriers and
facilitators, changing physical structures and access new funding could all be used
based on the assessment needs of the project and the site its being introduced to.
Recently, there has been further analysis of the ERIC strategies and the need to
describe the actions involved with each strategy’2. The concept of behavioural
change techniques associated with ERIC strategies is being analysed and a
taxonomy is being developed’? focusing on the behaviours needed to apply a
strategy. The ERIC strategies are continuously evolving based on frontline staff
feedback to continue to be useful in healthcare.”> The use of implementation
strategies described in the literature for specific EHR implementation is limited
however some studies identify barriers and facilitators to the EHR implementation
process. Barriers include cost, technical concerns, technical support, resource
constraints, insufficient training, and resistance to change’®’>. Facilitating factors
include leadership, governance, end-user involvement, training, support,
adequate resourcing and appropriate workflows®. Recommendations include
assessing how to deploy these factors in the local context of EHR implementation®
as various factors may need to be tailored or adapted based on factors influencing

each hospital site such as resources available or infrastructure concerns.
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2.5.1 Tailoring Implementation Strategies

Implementation strategies should be individual to each implementation
project and specifically chosen to overcome an identified barrier. Selection and
tailoring of strategies are a collaborative process to select and modify
implementation strategies in response to implementation determinants’®. The
research describes a range of theories, models and frameworks to guide the
identification of implementation determinants, and the selection of appropriate
strategies and different methods can be used as part of the tailoring process e.g.
concept mapping and intervention mapping 7°. Specific evidence-based
implementations and EHR implementations need specific strategies applied based

|II

on the specific site or facility as there is no “one size fits all” approach. The benefits
of using implementation science are the adaptability of frameworks and the ability

to use more than one framework, to tailor implementation strategies and use an

iterative approach to implementation.

2.6 Implementation Outcomes

Implementation outcomes are the deliberate and purposeful actions to
implement changes to treatments, practices or services®. Implementation science
outcomes have been defined by Proctor and colleagues (2011) and include
acceptability, adoption, appropriateness, feasibility, penetration, cost,
sustainability, fidelity, and reach. Each of these can be used to evaluate the process
and outcome of implementation®®. The image below defines each of these

outcomes (Figure 2.1).
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Implementation outcomes defined by Proctor et al (2011)

% Fidelity: degree to which intervention was implemented as
intended.
m +Reach: participation at client/patient level

Figure 2. 1: Outcomes of Implementation Science

2.7 Utilisation of Implementation Science

Despite a myriad of TMFs used in healthcare in general, there is a significant
gap for those used in maternity care’®. Implementation science and the use of
TMFs in maternity care literature is very limited with approximately only 8.9% of
publications reviewed by Dadich and colleagues’® reported the use of a TMF while
91.1% of studies reviewed focused on factors such as barriers and facilitators’®.
The use of implementation science-based theories is often not explicit in studies
as finding a one-size-fits all approach is not feasible. Aligning evidence-based
practice in healthcare can be challenging, largely because what clinicians do, how
they do it, when they do it and who they do it too is shaped by myriad factors and
processes34. To this end the use of implementation TMFs and strategies need to be

customised based on the particular project. In an lIrish context, for the
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implementation of the National Bereavement Standards for pregnancy and
perinatal loss, the authors develop an audit tool to identify the facilitators needed
to successfully implement with an oversight led by various workstreams’” however

no explicit TMF is identified.

In Neonatal care research, publications are limited in terms of the use of
implementation science to bridge the theory-practice gap. Coutts and colleagues
use an implementation science framework to assess the barriers and facilitators in
implementing Kangaroo Care in British Columbia Neonatal Intensive Care Units
(NICU)’8. These researchers conducted qualitative interviews and themed their
outputs using the CFIR framework®! and highlighted some barriers and facilitators
to this practice introduction, namely organisational, individual and physical space
factors. They concluded that although this is a evidenced- based practice to
improve neonatal outcomes- there is no one-size fits all implementation plan, as
each NICU has varying factors’®. This is supported by many Implementation
scientists that TMF’s need to be adaptable as each implementation project is
different but also other factors such as organisational, individuals, cultures etc. will

vary across institutions and all need to be facilitated>®.

Similarly, Gephart and colleagues used implementation science methods to
evaluate the feasibility and acceptability of introducing a Necrotising Enterocolitis
(NEC) mentoring programme to provide specialist Tele Health advise to NICUs that
would otherwise not have specialists’®. These researchers used the integrated
Promoting Action on Research Implementation in Health Services (i-PARIHS)
framework and demonstrated that their approach was both feasible and

acceptable to remote NICUs in the United States’®.

48



In terms of disruptive technology, Scantlebury and colleagues explored the
benefits, barriers, and disadvantages of implementing an EHR into a maternity unit
in the United Kingdom’s National Health Service (NHS) context using the
Normalisation Process Theory (NPT)3*. The NPT has characterised a range of
domains that assist healthcare professionals in understanding the purpose of
(coherence), engage with (cognitive participation), use (collective action) and
appraise (reflexive monitoring) of the EHR. This study highlighted some benefits,
barriers and disadvantages which are transferable to other healthcare
organisations such as previous failed implementations of EHRs, dual paper
processes and lack of integration with other departments/systems3* due to poor
technology or poor workflow. They used the NPT to do a post hoc evaluation of

EHR implementation3%.

Healthcare implementations are typically complex particularly when they
consist of technological, organisational and behavioural change and often benefit
from an overall process evaluation32. Process evaluation helps to understand not
only the outcomes reached but the factors that promote and inhibit the
intervention3?. An effective implementation has been described as something that
has been made workable and integrated into everyday healthcare3?. The NPT was
the focus of this thesis as it focuses in particular on the work required of
stakeholders to embed and normalise an evidence-based change into routine
practice®® and was originally used to evaluate eHealth and telehealth
interventions, however its use has now spread to other health-related and
complex changes®. The use of the NPT has origins in sociology theorical
frameworks but can be useful in complex healthcare interventions. May and
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colleagues further explain that although the outcomes of the implementation are
important, the social interactions and processes are equally important in achieving
the outcomes®?. The Normalisation Process Model (NPM) looks to describe,
explain and predict®?. The description typically explains the phenomena that
inhibit or facilitate the implementation across social process in complex
organisations32. These researchers further explain that a process can be broken
down to 3 core elements of the Actor, the Object, and the Context32. For example,

in an EHR Implementation the following could apply:

Table 2. 1: Core Elements of NPM and examples provided for this context.

Actor Health Care Professionals
Object Electronic Health Record
Context Maternity Hospital

The explanation element of the theory related to the work of individuals as a
collection of actions, actioned over time to achieving the outcomes of the
implementation32. These researchers stress that, applied theories, are not simply
ornamental but are tools that should be used to guide complex interventions such
as electronic health records in the health care setting due to their complex
nature3?. The normalisation process theory is an excellent example of a process
theory that can guide the work of individuals but cannot account for the diffusion
and adoption®?. Instead, this theory seeks to explain the embedding of complex
healthcare interventions and the change becoming part of the everyday normal
process of works32. The normalisation process theory, in conclusion, identifies,

characterises and explains the key phenomena that both promote and inhibit the
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implementation and embedding of complex interventions such as technologies
and new health techniques®®. The normalisation process theory provides a
consistent framework that can be used to describe, assess and even enhance the

implementation process 3°.

2.8 The Normalisation Process Theory and Electronic Health
Records

The NPT was developed and published as a seminal piece of work by Carl
May and colleagues to provide a set of sociology tools to understand and explain
the social processes through which new or modified practices are enacted or
operationalised in the healthcare setting®. These researchers describe their
theory as being different from other cultural transmission or innovation theories
such as Rodgers’ Theory of diffusion and explicitly call the NPT a theory of action®>.
They believe that to embed a practice into a healthcare setting, the starting point
must look at what people actually do and how they work®. It is particularly
appropriate for use in EHR implementations as it acknowledges that healthcare is
a collective activity between professionals, patients, management organisations
and requires a multitude of interactions3® and this is particularly appropriate for
EHR workflow development which will be discussed later in this thesis. A key
strength of the NPT has been identified being its ability to identify how links
between participants may be affected by the intervention and how that
intervention could be modified to support the interactions3® which is the key

intricacies of EHR workflow development.
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At a macro level the implementation of an EHR is a complex process with multiple
factors to consider especially in the healthcare setting®. The NPT provides domains
of work at the macro level to guide such a large-scale implementation®. The
domains provided are Coherence, Cognitive Participation, Collective Action, and
Reflexive monitoring. The table below summarises these domains and applies
them to a large-scale implementation. Although these are described in a linear
process, as with many implementation science TMFs, this is an iterative process

that will require skipping steps and revisiting steps in the process.
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Table 2. 2: Defines the Domains of Work of the NPT and applying the domains to an EHR implementation at a macro level.

Domain of Work

Definition

Description

Example

Coherence

Work that defines and
organises the practice as a
cognitive and behavioural
ensemble®

Cognitive & behavioural layers of practice,
appreciation and understanding of the
practice as meaningful

The staff having an understanding of why the
system is being implemented and includes their
beliefs, behaviours and actions towards the
EHR e.g. an understanding of the benefits or a
perception of having the system forced on
them without prior knowledeg3*82.

Cognitive Participation

Embedding that defines and
organises the actors/
participants implicated in a
practice®?

Routine embedding is dependent on actors
and those factors that promote or inhibit
participation

The health care professionals are engaged and
committed to using the system and addressing
the factors that promote and/or inhibit them
from using the system. A willingness to invest
time in the system e.g. training and support®*

Collective Action

Work that defines and
operationalises a practice®?

Embedding is shaped on actors enacting it
and work may need to reshape behaviours
or actions®

The actual utilisation of the EHR by multiple
individuals in a collective way and what factors
promote/inhibit them from using it e.g.
realising benefits of the system or negatively
using a dual system with paper3*.

Reflexive Monitoring

Work that defines and
organises the everyday
understanding of a practice
and is shaped by factors that

promote or inhibit appraisal &

Appraisal and actors investing in it and
understanding why

Have staff appraised the system and its impact
on practice? E.g. identifying disadvantages
(time consuming, technical issues) and
advantages (timely access to information in
one place)**
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At a macro level the NPT is very useful in assisting the user to appreciate
the multi-layered process in the everyday practice of applying the NPT to
healthcare. At the micro level, the NPT ensures contextual integration, defined by
skill-set workability with practices that are defined by their interactional
workability and ensure relational integration3>. As a starting point for a large-scale
change, the first steps are to describe what is changing and for whom it’s
changing3®. This is similar to a workflow assessment in terms of baseline EHR
implementation. A framework should begin with a clinician designed workflow to
address the flow of patient data®. At the micro level, an EHR implementation is
the enactment of a series of workflows, in a concurrent manner across multiple
health care providers, disciplines and settings. Addressing each workflow to the
micro level can facilitate a successful implementation. The NPT can be used to
address workflow development and workflow redesign. As a baseline, the NPT
begins with the Coherence domain, that the actors will have an understanding and
an appreciation of the practice as meaningful®>3. By involving specific healthcare
practitioners to design their own workflows, there is a level of engagement and
expertise into the overall aims of the practice and the process needed to achieve
this®3. The cognitive participation domain involves the actors commitment to a
practice and addressing the barriers and facilitators that exist for the individual to
undertake the practice3*3. The collective action domain involves the factors that
inhibit or promote the actors enacting the practice such as using the system343>,
These could be related to software design, hardware issues, workflow problems,

ICT literacy skills or system training. And finally, the reflective monitoring relates to
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how well the actors/users have appraised the system and its impact on practice3.
Implementation science can be an iterative process whereby re-evaluation is
needed at various points in the implementation process throughout these

domains®.

The use of the NPT has been described in some complex implementations and
these resonate clearly with implementing an EHR3®; addressing items such as the
intervention being easy to describe, being different from other interventions,
involving participants who have a shared goal and purpose, identifying benefits for
the participants, aligning with the overall organisational goals, what training is
needed and how compatible is the change to normal work process3®.
Considerations such as - can the intervention be adapted or can participants
provide feedback is equally important3®. To this end the NPT is very appropriate for
a complex intervention such as a hospital wide EHR implementation, using the key
stages of the NPT — Coherence, cognitive participation, collective action, and
reflective monitoring. Murray and colleagues provide an excellent example of
defining the intervention at the implementation stage as being crucial e.g., for a
software change - is the intervention the software change or the combination of
the software change and the staff involved?3¢. The use of the NPT in complex
healthcare changes is advisable because it considers and acknowledges the
complexities of healthcare requiring multifaceted interactions between
professionals, managers, patients, and others within the organisation3®. The NPT
allows for these interactions and any modification or supports that are needed
throughout the process. The NPT provides a framework for complex
interventions in the healthcare settings®® and has been used numerous times in
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the literature to date to frame such complex interventions® used in both planning
and development of interventions and also in evaluation and understanding of the

implementation process®.

2.9 Implementation science and an individual EHR workflow

As mentioned previously, an EHR implementation could be seen as a series
of numerous workflow implementations. As a further enhancement of the NPT,
which as discussed previously, focuses on the behavioural changes of an individual
and is useful in assisting the user to appreciate the multi-layered processes in
everyday practice on a large scale. The Action, Actor, Context, Target, and Time
(AACTT) framework was also used in this research as a framework that requires
detailed specifications of the behaviour targeted for change. The AACTT
Framework was identified for use from the literature as it provides a practical tool
for specific implementations, such as workflows, with the behaviour and actions
of the actor specifically outlined in the correct context and time to achieve the
target. The authors of the AACTT framework provide a very practical workflow
example in their publication of using the AACTT to break down the steps of hand
hygiene as a practical example of the AACTT in use®®. The AACTT focuses on the
person (actor) and what we want the person to do or to change®. The AACTT
framework strives to design implementation interventions that will change
behaviour of healthcare providers in the health care system® and ensures
alignment between interventions and measured outcomes®®. The utilisation of the
AACTT framework was used in this thesis as an example of the implementation of

a single new NICU workflow. The new workflow was to implement a process to
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print medication infusion labels in the NICU using implementation science in one
Level Il NICU utilising the newborn EHR.

2.9.1 Background

The practice of ordering and recording the administration of complex
Standard Concentrated Infusions (SCls) is completed electronically in the
Newborn’s EHR. However, the process of labelling the syringe was a handwritten
transcription process from the electronic order. Handwritten syringe infusion
labels however, have been associated with infusion pump programming errors
during a simulation study due to transcription errors®’. Following software changes
this project aimed to implement the printing of medication infusion labels directly
from the newborn’s EHR order and therefore avoid the handwritten labelling
process. An implementation science framework was used to implement this

evidence-based change.

2.9.2 Methods

The AACTT framework was used to implement this change into everyday
clinical practice in the NICU setting. The AACTT workflow was particularly
appropriate as it breaks down the necessary steps and identifies the areas for
change which is similar to workflow development and adaption. The steps of the

AACTT framework as applied to this project are displayed in Table 2.3 below.
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Table 2. 3: The AACTT framework applied to implement a new workflow for
printing medication infusion labels.

AACTT Framework

A- Action Print Syringe Infusion labels from the EHR Order

A- Actor NICU Nurse

C- Context Neonatal ICU Setting

T- Target NICU patient with a new order for a Standard Concentrated Infusion

T- Time After the order is placed and before preparing the infusion

2.9.3 Implementation

Following an assessment, a number of implementation strategies were
identified and used to implement this new process. Training was required for all
the actors involved in this workflow who were identified to be NICU Nurses,
training materials were developed which included a paper based quick reference
guides explaining the process in a step-by-step guide. Champions were identified
as support during the process and included as trainers for the NICU Nurses. A key
champion was the neonatal unit manager who supported the implementation and
advised on the training plans and training times. A training plan was developed to
ensure all training was delivered in a consist manner and all the required
technology such as specific printers were procured and installed prior to the
commencement of the change. The training plan was based on the steps outlined
in the new workflow and the AACTT framework detailed in Table 2.3, identifying
the action needing to be carried by the specific actor, in the correct context with
an appropriate target and time. During the training of staff, it was quickly realised
that some tailoring and adaption were required due to clinical demands.

Therefore, the training schedule was adapted and more flexibility around timings
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was introduced to best facilitate staff while they could still provide vital care to

NICU patients.

2.9.4 Conclusion

The new process of printing SClI syringe labels was successfully
implemented. Implementation science and in particular the AACTT framework as
demonstrated in this research project is extremely useful in the acute healthcare
setting. This study abstract was accepted at the Joint European Neonatal Societies
Meeting (JENS) 2023 (Appendix 1) and presented as poster presentation (Appendix

2) on Sept 23", 2023.

2.10 Implications for Practice

The implications of using implementation science in clinical practice has
been broadly outlined in this chapter with a specific focus on EHR implementation.
The use of the NPT in large scale complex technological implementations has been
valuable for practical learning3?=3* and in particular the AACTT has been very useful
to implement a new workflow development in clinical practice. The use of one or
more TMFs can be beneficial in implementing any evidence-based change to
become part of everyday practice. The importance of using the appropriate ERIC
strategies for implementation®® and measuring outcomes can greatly enhance the

evidenced based practice becoming part of everyday practice.

2.11 Implications for Policy

Although the use of implementation science and its relevance to policy has

not been discussed in detail in this chapter, the use of implementation science is
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valuable and can be used and embedded within a new policy or guideline for
implementation. The field of implementation science and policy implementation
have however evolved separately in recent times®8. The role of policy in the
implementation process is described as being under theorised® and often when
included in policy structure, is used to identify contextual variables which are often
not localised®®°, There has been some research into understanding and
developing theories to bridge this gap and provide new frameworks to include
researchers, policy-makers and implementers in better incorporating policy
considerations for implementation efforts®. An implementation science
framework can provide a structured pathway to achieve a successful
implementation supported and embedded into a policy structure. The various
TMFs can and should be modified or adapted based on the institute, the
organisation or the evidenced based change being introduced supported by

appropriate policy structure.

2.12 Implications for Research

The use of implementation science in research has great potential to guide
research and the study of methods used to implement a practice®®. Research can
produce many new changes to practice and implementation science can promote
the systematic uptake of these findings into clinical practice®3. As research within
the field of implementation science is evolving rapidly there is an extraordinary
number of theories, models and frameworks being developed to suit various
different practice changes and organisations>>. The vast number of TMFs however

can be overwhelming and difficult to navigate. Training would be beneficial to
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familiarise oneself with the various categories of TMFs and find the most

appropriate TMF(s) to use.

2.13 Conclusion

This chapter has summarised implementation science by outlining the
taxonomy of TMFs and focusing in particular on the NPT. Implementation
strategies and implementation outcomes which can be used to implement new
policy and practices in the healthcare setting were explored. The use of
implementation science in maternity and neonatal care specifically, was discussed
using published work highlighting the explicit use and value of TMFs in these
settings. The use of implementation science to guide and evaluate complex
implementations such as EHR implementations was discussed and in particular the
use of the NPT was appraised. The NPT is a theory of action and provides domains
of work to guide complex interventions at the macro level of complex
organisational EHR implementations and also at the micro level of workflow
development to build the actions within EHR use in everyday practice. The NPT
provides a useful framework to guide new complex practices becoming part of
everyday practice. Finally, the use of the AACTT framework to implement a new
workflow development related to EHR processes was outlined and the abstract

and poster presentation included.

Published work on implementation science has been attached in Appendix

3 published in MIDIRS Midwifery Digest, Volume 33 Issue 2, June 2023,
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Chapter 3

Introduction of a Single
EHR for Maternity Units in
Ireland

Publication (Appendix 4):

Sheehan OM, Greene RA, McKernan J, Murphy B, Cahill C, Cleary B, Lawlor F, Robson M.
and MN-CMS National Project Team. Introduction of a Single Electronic Health Record
for Maternity Units in Ireland: Outline of the Experiences of the Project Management
Team. JMIR Form Res. 2023;7:€38938. doi:10.2196/38938

Link available here:

JMIR Formative Research - Introduction of a Single Electronic Health Record for
Maternity Units in Ireland: Outline of the Experiences of the Project Management Team
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Chapter 3- Introduction of a Single EHR for Maternity Units in
Ireland

3.1 Abstract

Background

Electronic health records (EHRs) are being introduced worldwide. The change from
paper to electronic records has not always been a seamless or quick process,
however EHRs are viewed as central to updating modern health care especially
organization structures and delivery of sustainable care with the potential for joint
decision making with the patient.

Objective

The objective of this chapter is to outline how an EHR is being developed and
implemented in Ireland. The focus is on the Maternal & Newborn Clinical
Management System (MN-CMS) project which is the design and implementation
of an EHR for all women and babies in the maternity services in the Republic of
Ireland. This chapter aims to outline the lessons learned from the planning to
optimisation stages of the project based on the Phase One Closure Report.
Methods

This chapter was developed following a document review of the project’s final
closure report after phase one and by discussions with the project management
team.

Results

Key lessons learned from each stage of the project are highlighted.

Conclusion

This chapter explains how the national project management team are
implementing the EHR and outlines the experiences and lessons learned and the
challenges ahead following the phase one introduction. The MN-CMS is an
example of a clinician led, patient focused, change management project from its
inception to implementation. The introduction of EHRs is essential in modernizing
healthcare and optimizing patient outcomes through accurate and appropriate use

of data.
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3.2 Introduction

Electronic health records (EHRs) are essential in attempting to update
modern health care? and are being introduced worldwide across Europe, North
America, Australasia and the Middle East!. The change from paper to electronic
records has been described as complex’ particularly in the hospital setting
compared to private industry, due to the nature of the organizational setting that
involves caring and curing, data security, confidentiality and data accuracy®. Many
complex steps have been identified in the implementation of an EHR from
procurement, design, building, testing, training through to adoption and
optimisation®. A hospital wide EHR implementation needs to consider a number of
organizational, human and technological factors as well as organizational
structure, culture, technical infrastructure, financial resources, and

coordination®?°.

The need for digital information and connection has evolved in the last two
decades! and in particular since the COVID19 Pandemic with a reliance on the
digital world to connect. Over half the world’s population (60.9%) use the internet
and two thirds of the world’s population (66.9%) have a mobile phone®. In Ireland,
it is estimated that 3.68million (73.5% of the population) had a smartphone in
2021 with a projected 3.8million by 2024°2°3, The delivery of safe and effective
healthcare is dependent on the availability of accurate and up to date data in a
legible, reliable and timely manner>. It is through the use of an EHR that health
data can be available in the correct place at the correct time to enable timely

clinical decision making.
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3.2.1 Maternal & Newborn Clinical Management System

As mentioned in chapter 1, the introduction of the MN-CMS is on a phased basis
across the country. Phase one of the implementation consisted of 4 maternity
units. Prior to the introduction of the MN-CMS, the Information and
Communication Technology (ICT) systems across the maternity units varies. Some
units only use paper charts while other units have limited electronic systems.
General Practitioners (GPs), who provide a shared-care model of ante natal care,
in Ireland, use electronic medical records however their GP systems were not
linked to the national hospital system. With the introduction of the MN-CMS, the
pregnancy and birth records for pregnant women and their infants are now linked
to the GP systems with MN-CMS through a messaging broker system called
Healthlink. As with the development of all EHRs this project is a major change
project not an ICT project; it involves multiple changes across all aspects of
maternity services at individual level through to organization level. This project
involves transitioning all maternity units over time to one single EHR in subsequent
future phases of the project. Keeping the mother and baby at the center was the
primary principle set out by the project board and it was envisioned that the MN-

CMS would record practice and not decide practice?.

3.2.2 Objective

The objective of this chapter is to outline how an EHR is being developed and
implemented, and describe the key observations and lessons learned from the
review of the project’s phase one closure report and the national project team

implementing the MN-CMS.
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3.3 Methods

3.3.1 Overview

The methods used to develop these valuable outcomes were firstly through
a document analysis of the MN-CMS phase one closure report, and by discussions
with the project team. The phase one closure report was developed by the
national project team through a series of “lessons learned workshops” which
involved key stakeholders in each of the maternity units following each go-live
event. The phase one closure report was published by the National Project Team
in July 2018 and is not available online, however was accessed via the MN-CMS
national team and is attached for reference in Appendix 5. Following each
hospital’s go-live, a lessons learned workshop was facilitated by the national
project team with an approach of categorizing learnings through people, process,
and technology. Each workshop had representation from key stakeholders from
hospital management, project managers to end-users of the system. Clinicians
including midwives, doctors, nurses, health and social care professionals, project
managers all participated in interactive workshops which collated all feedback and
lessons into the categories of people, process, or technology. From all this
feedback, a phase one closure report was developed detailing the key lessons and
experiences of the project team in implementing MN-CMS. This chapter is an
analysis of that phase one closure report and details the different phases of the
project from planning, implementation and optimisation which have been

specified in the report. Through each phase some valuable lessons learned are
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highlighted in the report and recommendations are generated for future phases of

the project through consultation with the project team. These lessons from each

project phase are presented in a similar format to Creswell’s seminal piece of work

on the evaluation of the UKs NHS Care Record Service®*.

This PhD candidate acknowledges that prior to any PhD research for this

thesis, they assisted in Phase One of the MN-CMS project from 2015 until the

finalization of phase one of the project in 2017 and the roles played are detailed

below. This work was prior to the PhD being conceived in 2019.

2015: Employed as a NICU nurse educator at CUMH neonatal unit
and part of my working role allocation was to contribute to the
design and build of the system. | became a member of the NICU
Workstream for the project.

2016: Employed as a NICU nurse educator at CUMH Neonatal Unit
and part of my working role was assigned to testing of the system
and providing some training to end users. At Go-live in CUMH in
December 2016, | was a key support person for the go-live and
supporting end users in the introduction of the EHR system.

2017 (February): Employed as a NICU nurse educator at CUMH
Neonatal Unit and participated in the lessons learned workshop for
CUMH as a key stakeholder.

2017 (July): Employment role change to MN-CMS Local System
Administrator for CUMH. Contributed to the final Phase One Report

as a reviewer and provided a site update for the report.
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e 2018: Publication of the Phase One Closure report following the

successful implementation of MN-CMS in the 4 phase one hospitals.

3.3.2 The Planning Phase

The origins of the project were the establishment of the MN-CMS project
board whose aim were to establish a single record and a single source of truth for
health-related data for all women and their babies in Ireland'*%. The board had
oversight to procure and implement the EHR3® and included stakeholders from the
Institute of Obstetrics and Gynecology, the Faculty of Paediatrics, nursing and
midwifery, pharmacists, representatives from the Department of Health and
healthcare ICTY3%. Further stakeholders such as general practitioners and
anesthetists were included as the project progressed. The establishment of the
project board marked the beginning of a change-management project across the
maternity services in the Republic of Ireland®. A patient representative was not

included and should have been considered at this stage.

A needs assessment was developed to establish a design specification, and this
was carried out by the project board members and senior healthcare managers®-3.
The assessment was in consultation with the 19 maternity units in Ireland3.
Following the design specification, the public procurement process commenced in
2011 with contracts signed in 20143, The preferred vendor following public
procurement was Cerner3® (more recently acquired by Oracle and now referred
to as Oracle Cerner). Finally, the MN-CMS team initiated the implementation

program in 201438, This procurement process was time consuming and strong
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leadership was essential when planning and consolidating scope and in deciding

on the preferred software vendor.

The MN-CMS national board had responsibility for ensuring a governance
structure was in place®32. This guaranteed a successful deployment of the EHR to
the maternity service38, The deployment of phase one was with four units (two
stand-alone units and two co-located units) from 2016 and will continue on a
phased basis*® based on the availability of public funding from the relevant
government Departments?38, A strong governance structure is a requirement for

the success of a project.

Once the vendor had been appointed, numerous workstreams were established
for each clinical area such as Maternity, Neonatal, Medications, Health and Social
Care Professionals, order comms, clinical reporting, and research3.
Representation was sought from each of the 19 maternity units in the country38,
Each workstream developed multiple workflows based on their specific delivery of
care such as the Maternity Booking Visit, return visits, admissions, labor and
delivery, Elective and Emergency Caesarean Section, Stillbirth and Neonatal Death,
Blood Transfusion, NICU admission and discharge’38. One NICU workstream was
established however in hindsight this should have been a NICU/ Newborn
Workstream based on the patient rather than any one particular health care
professional, as it led to different views and data entry for each health professional
caring for well babies and NICU babies. A key to design and development was to
sit down with multidisciplinary team experts and map out all current workflows;
then design the new workflows with input from the system specialists. Adequate

representation is essential for workflow development. Crossover of workstreams
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is necessary e.g., NICU/Newborn leading to one baby chart design rather than
different views for post-natal midwife and neonatal staff. Key lessons from the

planning phase are outlined in Table 3.1.

Table 3. 1: Lessons learned from the planning phase of the MIN-CMS
implementation.

Planning Phase Lessons

e Patient representative at an early stage
e Strong leadership needed for initial procurement
¢ Strong governance structure required throughout the project

¢ Involve the clinical teams and experts in workflow development

3.3.3 The Implementation Stage

The responsibility of the phase one implementation rested with the
implementation team which was established in 2014138, This project team initially
consisted of a small team with clinicians at the center of this team?®38. Overtime,
the scale of the EHR implementation challenge highlighted that additional
resources were required®® and that clinical staff were instrumental in all elements
of the project38. An adequately resourced project team is essential, and a realistic
expectation of the commitment and responsibility expected should be clearly

defined for those involved.

The previously mentioned clinical workstreams conducted the current
state analysis working with the national project team and the vendor. This current
state analysis mapped the current workflows of all the hospitals in the phase one
sites38. This involved mapping the patient journey from the first referral to the

hospital for care right thought to the discharge process following delivery for both
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mother and baby32. Between the Maternity and NICU work streams approximately
54 workflows on average were mapped for each hospital3®. This process required
relevant clinical personnel familiar with their own area and delivery of care and a

functional structure to achieve this. Figure 3.1 outlines this structure.

MN-CMS | MN-CMS NPT:
National ! » Organise the groups to deliver |
et | the build
,,,,,,,,,,,,,,,,,,, 'y , * National view of ‘
' MN-CMS CAG: ,  interdependencies
" g:::'lts);ar:sv:::ew SRR in-cus clinical [l Change Advisory
and signed off by Advisory Group Board (CAB)
| the CAG t
| 4
+ Workstream
Workstreams membership:

Maternity & Meds Order / . " Multidisciplina |
NicU Reportin | 0y ;
Synecoiony - il | representation from
| across Hospital '
Theatres@ Allied Health 1§r9upsand '
Anaethesia | individual hospital

! sites

Figure 3. 1: Outline of the workstreams required for MN-CMS project.

The future state analysis was developed from the current state
workflows32. This process transformed the patient journey into the new electronic
environment of future state workflows that would be the foundation of design and
build for the EHRY38, The future state analysis is the key foundation for design and

build of the system and gaining consensus across all sites is beneficial.

The design and build phase involved a collaborative approach across the national
project team, the vendor and the workstreams?2. This phase of the project was
challenging due to the complexity involved in designing and configuring a
comprehensive EHRY38, the workstreams had representatives from all 19 units.

This complexity of this work was underestimated by all involved3®. The
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recommendations made were fed back to the national team and the vendor3®.
Inclusion from the broader workstream group is necessary to assist buy-in to the
project. However, a smaller group, made up of clinicians and subject matter
experts, made final decisions on the design and the vendor then completed the

configuration and build32.

The purpose of the Future State Validation was for the MN-CMS team and
workstream members to present the system with the final design and build to
those working in the Maternity Services32. It was an opportunity for attendees to
gain an understanding of how it would work in their hospital by demonstrating
various patient journeys and workflows3® and allowed them get some hands-on
experience of the system¥38, The future state validation needs to reach as many
people as possible and champions from individual hospitals need to be engaged

with the process.

In terms of changes to the system, there is a strict change control protocol in place
since the completion of the design & build phase%. A requested change to the
system may have significant knock-on effects to individual workflows or indeed
individual units. To this end, weekly meetings are held to manage and review
change requests by the Change Advisory Board (CAB)32. Requested changes to the
system are assessed individually as one change for one unit may not be acceptable
in another, all changes need to be agreed by all units and all workstreams affected
before being implemented?® in the live production environment, maintaining a
national core. Changes are first implemented and tested in a test environment
before progressing to production. A change control policy needs to be strict and

adhered to, throughout the process. Impact on workflow and training needs to be
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assessed with each change. A test or non-production environment is necessary to

test the change prior to implementation in the live system.

The testing phase consisted of two phases- system and integration testing®. Test
scripts were created, by clinicians, based on the clinical workflows and the various
scenarios that might occur for both mother and baby38. The system testing phase
involved testing the system against the workflows to ensure the design was
functioning as expected32, Integration testing consisted of testing the systems
with all other 3™ party systems (e.g., Patient Administration System (PAS) and
Laboratory Information Systems (LIS))3® . This testing was undertaken at each
individual site based on different PAS and LIS systems and to validate their
workflows32. Integration testing also included the testing of printers, wristbands
and bar code scanners38. Device integration with the EHR for the neonatal vital
sighs monitors and ventilators and the fetal monitoring (Cardiotocograph
monitoring) solution - Fetalink (FetalLink provides a graphical display of the
relationship between fetal heart rates and contraction data in the EHR. It displays
waveforms and annotations, which can be viewed in real-time by care providers in
inpatient or outpatient settings® were all tested during this testing cycle3?. These
devices were tested using demo modes and simulations. The Downtime System
Access Viewer (724) used to view the patient chart in the event of a planned or
unplanned downtime also had to be tested at each site32. All Test Issues (Tls) were
logged to an online portal accessed by the project team and vendor. Each Tl was
prioritized, fixed and re-tested and then closed by the clinical team of testers®.
Testing takes time and a large team. The allocated team in this project was too
small. The personnel involved in testing need to be subject experts and expert
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users with on the ground clinical knowledge of the workflows and processes in

each site.

The first steps prior to the deployment of MN-CMS were a Wi-Fi connectivity
survey of each site and an assessment of the extra power points, data cables, and
ports required for the new hardware was installed in each unit®®. The additional
infrastructure required to implement MN-CMS included computers on wheels,
desktop computers, electronic whiteboards, printers, scanners, barcode readers32.
The purchase of these items followed the national procurement process and was
a multidisciplinary exercise involving ICT, Biomedical Engineers, End Users and
Infection Control Teams®38. Local ICT teams are essential and need to feel part of
the project and issues arising need to be solved as a single local EHR team. On-

going support by local ICT of hardware devices and connectivity is essential.

Approximately 2,500 staff benefited from training, across the four phase one
sites®®. Classroom based training consisted of one to three days duration
depending on their system role32, Training course plans were prepared based on
patient journey workflows, the train domain was populated and following a train
the trainer program, training was provided to staff in each hospital by their peers3.
These trainers initially provided intense training to a group of superusers (both
trainers and superusers were an invaluable support for the early weeks of go-live
to support colleagues in each clinical area’3%). The trainers localised their training
plans for their specific hospitals and kept detailed training records to ensure that
all staff attended training3®. Logistic planning was essential to schedule the training
and the backfilling in clinical areas as staff were released to train. Personnel need

to be identified to deliver training and support to medical, midwifery, nursing,
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other healthcare professionals and administration disciplines. These are vital roles,
and some will be required after go-live. Providing a play domain (not available in
this project) for staff post training would be beneficial — staff need to build their

confidence through familiarisation and practice.

The go-live phase involved setting up of user accounts, deployment of passwords,
data migration and the staffing of a twenty-four-hour, seven day a week command
center to support staff over the go-live weekend and the post go-live early live
support (ELS) period. Each go-live was supported on the ground by the members
of the National Project Team, the vendor, team of engineers and solution
specialists, project managers and staff from the other phase one sites'38, Data
migration began in the weeks coming up to go-live for all patients close to term
(end of pregnancy) and for inpatients (women and babies) who were expected to
remain for a period after go-live. If a woman delivered and was documented on
paper before go-live, they remained on paper. Patients who attended in labor after
the go-live time had delivery documentation on the EHR and completed their care
on the EHR with appropriate agreed data documented including past history,
allergies, medications and risk factors'. There was a ‘wash through’ period before
all paper records were removed®. The go-live was a big bang, done over a weekend
to allow a phased introduction of the EHR to inpatient care, then outpatient care
after the weekend?!. All ward managers should be trained as superusers, this
ensures they can feel confident in supporting their ward staff over go-live. This was
not achieved for our first go-live and the deficit was quickly recognized and

corrected for future go-lives.

75



The go-live is the focus of the project from inception, it is the prize for the project
team and the individual service. This is necessary to achieve the target worked on
in the project. However, the local project team or an equivalent team of subject
experts and expert users’ needs to be in place before go-live and ready to carry on
support and optimisation through training, assessment and development of
workflows and associated documentation and identifying and getting fixes for
identified risks in the new world of digital documentation. A clear transition team
and a plan to assist with the adoption and optimisation of the new business model

is needed before the go-live.

The implementation of electronic medicines management within an EHR offer the
potential to streamline patient care and to engineer safe medication use
processes?®. Currently implemented within MN-CMS are Clinical Decision Support
functionality including allergy checking, interaction checking, dose range checking,
customized enterprise rules, weight-based dosing, prewritten order sentences and
care plans®38. Electronic prescribing has been demonstrated to promote safe and
effective prescribing practices and to reduce the risk of errors3®. The system
facilitates clinical pharmacy services which have been demonstrated to improve
patient outcomes and reduce the risk of serious patient harm32. The benefits of
getting the medication management right will have implications for patient safety
however it does need to be resourced adequately through funding and staff. Key

lessons from the implementation stage are outlined in Table 3.2.
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Table 3. 2: Lessons learned from the Implementation Phase

Implementation Stage Lessons

Adequately resourced project team and clarity of the commitment needed is essential
Relevant clinical personnel to clearly outline workflows

The Future state analysis is the key foundation for the design and build

Design involves a wide team, but some final design decisions were made by a smaller group
The Future state validation needs to reach as many as possible to fully engage with the
process

Strict change control process and approval is essential

Testing requires a large team of clinical users and subject matter experts

Local ICT involvement is essential

Peer trainers need to be engaged early and these vital roles are required post go-live in the
support phase

All ward midwife/nurse managers should be trained as superusers ensuring they are
confident to support their staff over the go-live period

A transition team is needed post go-live to assist with the adoption and optimization of the
new business model

Medication management benefits can have positive implications for patient safety, but it

does need to be resourced adequately

3.3.4 The Optimisation Phase

The medication management element of the EHR, was developed by the MN-CMS

project team including clear order sentences with correct formulation dose!. Some

medication errors were highlighted early post go-live as a key area that could be

improved to enhance patient care. Enhancements such as the development of care

plans, weight adjusted dosing among others led to safer prescribing®. The EHR

allows enhanced assessment of medication error and while this takes resources

and time and subsequent staff training, it is an essential element towards better

patient safety.
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The reductions in documentation time should allow for better records®32, Staff can
now avoid duplicating information (as they did on paper); an example is developing
the baby chart transcribing information from the mother’s chart — an instant
transfer of agreed information saves time®. Easy access to records allows for all
telephone consultations to be easily and clearly documented as part of the
record'-38, On-going staff training is required to fully assist in the efficiency of their

documentation3s.

In terms of data quality, routine data collection needs to be simple, clearly defined
and an integral part of normal care and the responsibility of all healthcare staff12.
The need for high quality and accurate data was recognized early in conjunction
with European Union (EU) Directives®. Data quality personnel were put in place to
check for data errors based on output reports®38. Local information governance
teams were set up to ensure the integrity of the data. The National Project team
also has an Information Governance Group to deal with issues at a national basis

for a single national system®38,

The MN-CMS now has the capability of producing clinical reports for audit,
research, financial and management requirements. These reports have taken time
to build and test, however they will be an invaluable data source in the future®-3,
The reporting function has highlighted data quality issues related to poor data
entry. Mitigation has been put in place; processes including the employment of
data quality staff, daily data quality checks that highlight where issues arose from
these checks, staff are then contacted and requested to complete the data they
have omitted'3%. Based on normal care documentation, Ireland’s maternity and

neonatal service will have a high-quality database to assess the quality of that
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carel. Demographic information for all patients will be easily accessible and data
that would not have been available before will now be available!. Routine data
collection needs to be simple, clearly defined and an integral part of normal care
and the responsibility of all healthcare staff'. Detailed consideration to the data
elements required in the planning and configuration is vital and proved valuable in
this project. Ensuring staff know their responsibility for data quality when entering
data needs to be part of their training. Data quality assessment is required and
appropriate responses including identification of errors to staff, further training for

staff and changes in configuration as required.

Patient involvement is necessary, and the project worked with the Women’s
Council of Ireland to develop women'’s focus groups to discuss the development of
the EHR and take advice from patients38. One of the interesting lessons from this
engagement was the belief that we had already digitized the care documentation
— we were behind the public expectation. Patient access to their information was
considered very important. MyHealthPortal will be a national online site designed
for use by patients and their care givers®38, Its purpose is to engage patients in
self-care, joint decision making and empower them to take a more active role in
their healthcare management®®32, This element of the MN-CMS project has not
been set up to date. Prior to the EHR for the duration of their pregnancy women
did have access to their paper medical charts. The MN-CMS board are committed
to ensuring women have this access again®. This element is key as internationally,
as there is an ambition towards providing Patient accessible EHRs (PAEHRs)°6°7,
There are, however, some limiting factors that include security and privacy
concerns, legal constraints and low uptake of other online resources for patients®®.
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Engagement with patient representatives early in the process is necessary. As go-
live is approaching, inform patients during their visits of the expected changes and
potential disruption as the hospital transitions to an electronic based record for

their care.

MN-CMS trainers are an invaluable support to the local project teams and to the
end users on the ground. Since go-live the four sites have engaged with their end
users in optimisation sessions where new, advanced, and updated functionality
has been taught. There is always on-going, or business as usual training of new
staff and locum doctors being carried out throughout the year32. Keeping the initial
trainers and superusers involved throughout the process will lead to them being

champions and optimisation agents, in the future.

The MN-CMS has allowed clinical decisions support systems and educational links
to be built into the system. These for example include visual color clues for
abnormal values, the Irish Maternity Early Warning System (iMEWS), a sepsis alert
algorithm and reference text from national guidelines. There is also education-
oriented documentation including that for shoulder dystocia (Figure 3.2) and
sepsis. The increased functionality of the EHR allows staff to fully engage with it
and be assisted in the care they provide through built-in clinical decision support

systems. Key lessons from the optimisation phase are outlined in Table 3.3.
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Table 3. 3: Optimisation phase lessons learned

Optimization Phase Lessons

Enhanced assessment of medication errors is essential towards adequate patient safety
On-going staff training required to fully assist documentation efficiency

Data Quality personnel need to be resourced early in the project and in post before go-
live. A data strategy and framework need to be developed

For relevant reports- data entry requirements need to be planned and configured in
advance. Ensure staff understand their responsibility is data accuracy and completeness
Engage with patient representatives through the go-live and informing them of potential
disruptions

All trainers and superusers should be kept involved and fully utilized

Decision Support tools in the EHR assist staff in the care they provide
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3.4 Discussion

Digital technologies have transformed private industries such as banking, finance,
transportation, navigation, internet search, retail, and now EHRs may bring the
same revolutionary change to healthcare®®. Globally, however, the overall
implementation of EHRs has not been as successful as anticipated and the benefits
of EHRs have been slow to be realized®. It has been recognized that health
information systems are needed but key events in recent years have highlighted
the need for this even further®. Firstly, the global COVID-19 pandemic has
accelerated the need for sharing of health data in the interest of public health®?
and secondly in Ireland the cyber security breach on the Irish Health Service
Executive (HSE) in May 2021, underlined the need for trust in data information
security and the protection of health data®®. The data generated from a national
EHR has the potential to save lives around the world!4. The Goldacre Review in the
United Kingdom’s National Health Service (NHS) has identified that data stored on
tens of millions of people could have a huge potential on improving patient

outcomes and saving lives if it’s used and analysed appropriately*.

This paper has outlined the lesson learned in the Irish context for the development
of the maternal and newborn EHR. The MN-CMS is an example of a clinician led,
patient focused, change management project from its inception to
implementation. The national project team maintained patient care at the core of
the development and implementation of this EHR and have provided valuable
lessons for future EHR implementations. The importance of clinical leadership was

integral throughout the process from planning, implementation, and optimisation.
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Additionally having the right people involved at the right stages of the project was
essential. Challenges arose in terms of resourcing and often the same person was
involved across multiple workstreams such as testing, training and change
management38. The National Project team has since expanded and increased its
resourcing since phase one. The key to on-going support and optimizing has been
highlighted as essential to maintain the data quality and data input into the system.
Regular data quality checks and on-going training is essential post go-live. The key

recommendations are summarized in Table 3.4

Table 3. 4: Key summary of recommendations

Summary Recommendations

e Clinical leadership is essential throughout the project

e |nvolving the right people at the right stages of the project e.g., Clinical staff needed for
workflow development and ICT staff needed for hardware set-up.

¢ Adequately resourced team for various stages e.g., clinical, medications, testing, training,
support.

e Strong governance structure and strict change control process

e On-going support, training and optimization required

¢ Data Quality surveillance and development of a data strategy and framework

o Always keep the patient at the center of the project

Following the phase one implementation, the MN-CMS now encompasses 40% of
all births in the Republic of Ireland3’ and provides the foundation of a national
EHR38. The MN-CMS generates approximately 50 reports per day which guides
both planning of care and epidemiological research and audit reporting. Reports
generated include daily delivery lists, admission and discharge reports and reports

for the General Register Office (GRO) to name but a few. The on-going deployment
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of the MN-CMS is dependent on future funding and resourcing from the lIrish
Department of Health. Phase two has gained approval and will progress over the
next two years incorporating all the tertiary centres in Irelands and 70% of births.
Devin and colleagues assessed the impact of the introduction of MN-CMS in one
tertiary site by measuring task distribution of Neonatal Intensive Care Staff'%, This
assessment concluded that the EHR introduction did not re-direct time away from
direct patient care as other studies have reported'®. Some EHR implementations
have negatively redistributed time towards documentation and medication
management and away from direct patient care!®. The Irish Health Information
Quality Authority (HIQA) propose that effective engagement (professional and
public), technical and operational, legislative frameworks and governance
structures are the cornerstone of informing policy on the collection, use and
sharing of health data®. The MN-CMS has demonstrated these pillars in the EHR

implementation.

The future of EHRs has an exciting future with new technologies such as vital signs
to be automatically recorded into the chart, direct dictation to the record and even
automated assistants that listen to the interactions between doctor and patient
and from verbal cues record the information in the exam room®. Interactive
patient portals will allow patients not only review their data (ensuring accuracy)
but also input information prior to consultations and assist self-care as part of
chronic disease management?. Following a public engagement in the Republic of

Ireland, 82% of people want access to their own health information?0,

The volume of data contained in an EHR has significant potential to positively

influence all of our lives if used correctly and adhering to all data protection and
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legislation’14. The potential to utilize data may be the greatest effect on healthcare
and will come from data science using the information available in the EHR!. Data
is the core of improvements in healthcare and with the correct and appropriate
analysis improvements can be realized in quality, safety and cost-effectiveness of
care across the entire health service'®. The governance of data however is key to
the continued success of the development of the EHR. Patients need to be
informed of how their data is used, why it is used in a particular way and how it
can improve care and conditions for themselves and others®. They also need to
know their data is respected and entered correctly based on European General
Data Protection Guidelines (GDPR) guidelines®. Academic institutions have
realized the importance of health informatics and the importance of data retrieval,
and they are now providing modules at undergraduate level to prepare medical
professionals!®?, The Goldacre review recommend the introduction of trusted
shared data platforms to rapidly capitalize on skills and data usage!4. The
introduction of new analysts, academics and innovators can provide well curated
data and accessible technical documentation to improve patient outcomes'4. The
potential value of data science is well recognized in the ICT world; tech guru, Vinod
Khosla, has suggested that “In the next 10 years data science will do more for
medicine than all the biological sciences combined”%3, It is likely that big data will
assist us answer questions about the best care that would not be possible if we
await randomized trial approaches!. Getting to this latter point in development
requires significant work in the planning and development of the EHR, the change
management to move from a paper environment, the need for ongoing training

and optimisation to assist staff interaction with the system thereby enhancing the
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data quality that will allow big data output to assist care. The change management
process in moving to an EHR environment needs to be patient centred, clinician
led, and ICT supported. Our experience shows some of the lessons we have

learned.

3.5 Conclusion

This paper has outlined the implementation of a national EHR for mothers and
babies in Ireland. The experiences and lessons learned from the national project
team have been explored and summarized. Key recommendations are that clinical
leadership and strong governance are essential as well as having an adequately
resourced team. On-going training and optimisation are necessary, and data
quality surveillance can lead to more accurate reporting from the system. The
potential of accurate cumulative data from EHRs can have a positive influence on
population health through appropriate analysis. Keeping the patient at the center
of the project was always paramount. The MN-CMS has been successfully
implemented into four maternity units in Ireland and encompasses 40% of births

with a plan to expand further in the future.
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Chapter 4

Workflows



Chapter 4- Workflows

4.1 Abstract

Background

Workflows are described as the nexus of all clinical activity and are a key
organisational factor for a successful EHR implementation. A workflow consists of
an orchestrated and repeatable pattern of activity, enabled by the systematic
organisation of resources into process’ that provide services or process
information.

Objectives

The objectives of this chapter were to categorise the MN-CMS workflows, describe
the transformation process from paper-based to EHR-based workflows and to
assess certain neonatal based workflows for adherence to an implementation
science framework.

Methods

The MN-CMS workflows will be reviewed and categorised by workstream
speciality. The development of the MN-CMS workflows will be discussed. The
AACTT framework will be used to retrospectively evaluate some NICU based
workflows and to describe the creation of new EHR based workflows. Workflows
were graded for their adherence to the AACTT framework. Workflows non-
adherent to the framework were modified and a new workflow development is
outlined in detail.

Results

The assessment of workflow adherence to the AACTT framework is a successful
and useful tool. Equally the use of the AACTT framework is beneficial for new
workflow developments.

Conclusion

The creation and adaption of workflows are essential in ensuring the appropriate
design of the EHR as this is the thread which becomes the backbone of system
testing, training, and leading to optimal reports from the system based on good
data quality. The use of the AACTT framework has been a useful guide for workflow
review and development.
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4.2 Introduction

This chapter aims to highlight the importance of workflows and workflow mapping
for Electronic Health Record (EHR) implementation. The importance of workflows
will be highlighted and the particular workflows from the Maternal and Newborn
Clinical Management System (MN-CMS) will be outlined. The process of workflow
mapping will be detailed, and some NICU workflows will be retrospectively graded
for adherence to a framework. and some particular workflows, which needed
adaption post implementation will be highlighted. Finally, a new workflow
development will be described in detail using a theoretical framework and

implementation discussed.

4.3 Background Literature Review

A key organisational factor for a successful EHR implementation is workflow?. A
workflow consists of an orchestrated and repeatable pattern of activity, enabled
by the systematic organisation of resources into process’ that transform materials,
provide services, or process information®, In the healthcare setting, a clinical
workflow e.g., admission or discharge process, is a series of steps enacted to
perform a certain clinical activity?® in order to preform and document certain
aspects of patient care. A clinical workflow has been described as the nexus of all
clinical activities?®. The critical importance of workflows is alluded to in many
reviews where the success of the EHR implementation is associated with the
compatibility of the EHR system?® and the end-user workflow?®:2319 Workflows
are used as the foundation when moving from paper-based health records to EHRs

and ensure that the software can support the recording of patient care.
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Suboptimal workflows will eventually promote users working around the EHR?®
and drive dissatisfaction due to usability issues. Some EHR implementations can
dramatically alter the task distribution, work process and efficiency of clinicians
due to poorly designed workflows. Numerous studies try to optimise workflow
process’ post go-live after the system is in use for some time with a number of
inefficiencies being highlighted to correct the inefficiencies3®3! and avoid the
fragmented workflow processes leading to increased clinician burden'?’.
Fragmented workflows are described by the frequency of task switching by
clinicians during a workflow process'®® leading to inefficiencies. Clinical examples
can be related to duplicated or complex data entry in the EHR, difficulty in finding

information and indeed hardware issues such as printer availability or accessing a

computer with the EHR software.

In the Republic of Ireland, the MN-CMS is a fully integrated national EHR for
mothers and their newborns. The MN-CMS across four hospitals have
approximately 1,600 unique users and generates a hive of activity with
approximately 208,000 documents signed and over 5,000 diagnoses created
monthly and over 125,000 medications administered per month. (Data generated
from the background audit tool of the EHR system called Lights On Network (LON)

for September 2023 activity).

The design and implementation process for MN-CMS was a collaborative approach
with clinicians from various areas of maternity and newborn care coming together
in an industry led way to design the future state of EHR work processes'®. This

process began with patient orientated workflow mapping. In a patient-oriented
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workflow, the patient is the nucleus of the care episode?. Numerous workstreams
were established with relevant stakeholders for each clinical area such as
maternity, neonatal, medications, health and social care professionals, order
communications, clinical reporting, and research3’1%, Workstream membership
included those key relevant stakeholders such as nurses, midwives, doctors,
pharmacists, health and social care professionals, and administration staff. Each
workstream developed multiple workflows based on their specific delivery of
patient care such as the maternity booking visit, return visits, admissions, labour,
and delivery, elective and emergency caesarean section, stillbirth and neonatal
death, blood transfusion, neonatal intensive care unit (NICU) admission and
discharge!!®. Workflow mapping of each healthcare journey is a complex process
which aims to transform paper-based processes to the new EHR based work
processes. The accuracy of this process, which will be described here, is a key step
in the entire implementation as workflows are the foundations to the design,
security access, testing and training of the system prior to actual clinical

implementation.

4.4 MIN-CMS Workflow review

At go-live in 2016, the MN-CMS team had created a total, of 117 workflows. The
majority of workflows designed were around the women’s health maternity and
theatre related workflows with a total of 44 workflows. These workflows included
delivery, booking, clinical handover and surgical scheduling and represented an
individual process such as maternity or newborn admission, labour, delivery etc.

These workflows formed the basis of the system with additional workflows
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generated for various other workstreams and processes. The NICU Workstream
developed an additional 17 workflows which included certain device integration
workflows. Some workflows crossed over various workstreams e.g., Intravenous
Line Care or Blood Transfusion. These “crossover” workflows are included in the

Maternity count. The other workflows developed are listed in Table 4.1 below:

Table 4. 1: Workflow processes developed per Workstream prior to Go-Live

Workstream Number of workflows at Go-Live
Maternity (including Theatre) 44

NICU (including device integration) 17

Gynae 1

Health and Social Care Professionals 10

Medication 21

Laboratory 11

Clinical Reporting 4

Clinical Research 9

Total 117

Workflow process mapping has been described in the literature involving
healthcare but also involving industry?>!'l, Workflow evaluation and review in
clinical practice is more frequently described in the healthcare literature and in
particular in terms of workflow inefficiencies in the clinical setting%®12, Workflow
mapping can also be described as process mapping particularly in business
models?®. Process maps and visual step-through of process, can be developed
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using process maps'3. Process maps are high-level depictions of the primary
functional steps in the actual workflow!4. In business models, process science
combines knowledge from information technologies and management sciences,
to run and improve operational processes (e.g., time or cost aspects) based on a
model-driven perspective!!®. Healthcare is complex and EHR implementation in
the healthcare setting is equally complex’”®. The MN-CMS team mission however
describes the centrality of the patient to the design and workflow process®. The
process mapping throughout the implementation®1%10 does have different
objectives to business model objectives of cost and production efficiencies. MN-
CMS also maintained a central role of clinicians throughout the process!'° and
this is supported in the literature whereby workflow, usability, and patient safety
can be enhanced through clinician-centred design of EHRs!'4. To describe and
evaluate the workflow mapping of MN-CMS and fully incorporate relevant
sciences, this researcher concluded that implementation science would be more

useful as an evaluation model.

Implementation science, as described in chapter 2, is defined as the scientific study
of methods to promote the systemic uptake of evidence-based practice and
research findings into everyday routine practice and thereby improving the quality
and effectiveness of healthcare®3. Implementation science has a number of very
useful theories, models, and frameworks to bring about change through
implementing evidence-based care. For the purposes of this chapter, the
researcher uses the AACTT Framework- The Actor, Action, Context, Target, and
Time (AACTT). The AACTT framework was used in chapter 2 as a framework to
implement a new workflow for NICU nurses printing medication infusion labels and
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is particularly useful in workflows development and evaluation as it breaks down

the necessary steps required to successfully execute a workflow.

4.5 Methodology

Firstly, the creation of the EHR based workflows are described from the paper-
based processes and secondly, an evaluation of some of the NICU workflows are
carried out. The AACTT framework was used in this chapter as being the most
useful framework for workflow assessment. The AACTT framework focuses on the
person (actor) and what we want the person to do or to change. AACTT strives to
design implementation interventions that will change behaviour of healthcare
providers in the health care system® and ensures alignment between
interventions and measured outcomes®. The utilisation of the AACTT framework
for workflow mapping is very appropriate and the specific steps are detailed in

Table 4.2 below:

Table 4. 2: The AACTT Framework 1

AACTT Framework

A- Action Specify the behaviour that needs to change

A- Actor Specify the person/clinician who needs to complete the action

C- Context Specify the physical location or setting in which the action takes

place
T- Target Specify the person for whom the action is preformed
T- Time Specify when the action is preformed
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For the purpose of the workflow review in this chapter, the workflow will be graded
using the AACTT framework and scored at either 0, 1, or 2 to determine if the
workflow development was adherent to the framework. A score of:
0 = not adherent
1= partially adherent

2= adherent

Where a workflow was not adherent, or partially adherent modifications to the

workflow were implemented to improve compliance of the workflow.

4.5.1 Current State to Future State

The “current state” to “future state” is the process of moving a hospital from
paper-based medical records to electronic, EHR based medical records by
transforming their workflow processes. This is retrospectively described in this
chapter and is important to document for health care as very limited evidence
exists in the literature, most process mapping evidence arising from engineer
practices. This transformative process begins with workflow mapping. Firstly, the
current state (paper-based workflow processes) are documented and then these
are transformed to electronic EHR based processes. A retrospective document
analysis was undertaken for this transformative process for the multiple
organisations. The visual process maps were designed using swimlane diagrams.
In swimlane diagrams, each actor is assigned a lane, and the entire process is
visualised from start to finish, showing what is done and by whom, in what
sequence??, Firstly, to document the paper-based process, a visual walk-through

was performed for each workflow e.g., admission. This involved engaging all
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relevant actors in this process and stepping through the actions they take, in which
context, at what time and in which order. Each action or step was documented on
a sticky note and compiled in a process board for everyone to see. This could be

easily changed or amended. An example of workflow mapping is provided in the

images below:

96



Once agreed, these paper-based processes were designed on a software program
called Microsoft Visio. Every scenario was covered in terms of the patient journey
as much as was feasible. The current state review was intended to capture the
paper-based patient flows to ensure continued care across this change process to
an EHR. An example of this paper based current state workflow is shown is
Appendix 6 as depicted from the Microsoft Visio software. This workflow was then
transformed to the workflow of the EHR- based process that was needed to
complete the admission process. This mapping allows for software designers to
ensure the design elements were available in the chart, certain role-based access
positions were available (e.g., NICU nurse, neonatologist) with the appropriate
chart views and security privileges e.g., prescribing, ordering, or endorsing rights
etc. The new workflow (appendix 7) depicts the EHR-based process for a neonatal
admission which is role-based documentation tasks at a certain time to achieve
the task of a complete admission and support delivery of patient care. This
workflow is assessed below in table 4.3 and identifies that adherence to the AACTT
framework was met in all categories. This workflow assessment essentially
confirms that the workflow was designed and developed accounting for each of
the domains in the AACTT framework: The action was clearly stated, the relevant
actors were identified, the correct context was specified, the target of the process
was identified, and the most appropriate timings were detailed in the correct

sequence for each actor.
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Table 4. 3: AACTT Framework to assess the NICU admission workflow.

NICU Admission Workflow Adherence
A- Action  Electronic documentation of admission to NICU 2
A- Actor Doctor and NICU Nurse 2
C- Context Neonatal Unit or Neonatal Intensive Care Unit 2
T- Target The sick newborn needing admission 2
T- Time At or soon after admission and stabilisation of 2
newborn

To further support this workflow, checklists, or aide mémoire were developed later
for users based on the correct workflow for nursing (appendix 8) and medical
(appendix 9) staff. By users adhering to the correct workflow in the correct order,
the EHR works for all users and will ensure data accuracy and data completeness
which contributes greatly to data outputs for reports such as the Vermont Oxford
Network (VON) reports. By ensuring and attaining a high level of quality data
reports, the potential of EHR outputs can positively contribute to audit and quality
improvement of care. Furthermore, the volume of data contained in an EHR has
the potential to positively influence all our lives if used correctly and adhering to
relevant data protection and legislation?411°, The value of workflow mapping is
important and the order in which tasks can be performed and its resource
allocation can be modified to improve clinical outcomes; clinical processes can be
checked against recommended clinical guidelines to ensure adherence to best
practices!®®. This process of workflow development for a neonatal unit admission
is just one example of the 117 process and workflow developments undertaken

during the design of the MN-CMS EHR.
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Each workflow or clinical patient journey was then used as a basis for creating the
testing scripts to test the software system. A test script is a set of instruction with
expected results to test functionality of the software. Each test script was designed
based on the workflow steps of the patient journey. Furthermore, training plans
were developed from the workflows and the specific steps in the test scripts. End
user training was based on an individual’s role, actions within the EHR and
interactions with the patient, over a continuum of time. To this end, workflows are
the very foundation of the EHR, in terms of patient journey workflows, end user
engagement with the system and ultimately data quality and completeness within

the EHR.

4.6 Modifications of Future State Workflows

4.6.1 Apgar Scores

Although with every intention there is to capture each and every work and
documentation process, there can be some areas that are overlooked. In the case
of the neonatal workflows within MN-CMS, sometime after the successful go-live,
it was observed that key newborn assessment scores were missing in a number of
report outputs. The Appearance, Pulse, Grimace, Activity and Respirations score
(APGAR) comprises of five components colour, heart rate, reflexes, muscle tone
and respiration!'®. The Apgar score is a scoring system used to assess a newborn’s
health immediately after birth to determine the need for prompt intervention'1®
and is as relevant today as it was when developed in 19536, Data surveillance

highlighted a gap in reporting of this key Apgar assessment scores for some
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newborns in the period after go-live. A workflow analysis was therefore
undertaken with the key actors (non-consultant hospital doctors (NCHDs) and
midwives) and the context in which these data needed to be completed was
explored. The Apgar scores (although belonging to the baby) were documented in
the maternal record and copied to the baby chart. In the original workflow
mapping, there were 2 scenarios identified of the well, healthy baby and the sick
baby requiring admission to the Neonatal Unit. In the first scenario of the healthy
baby, the midwife completed the assessment and documented the Apgar scores
and in the second scenario, the sick baby who required NICU admission following
resuscitation, the NCHD documented the Apgar score. Following go-live, however,
there was a third scenario identified which was not identified until we were in the
real-life scenario. The AACTT framework was applied to this workflow based on
that scenario and assessed as below in table 4.4.

Table 4. 4: The AACTT framework assessment of the Apgar scoring before
modification related to the actors involved.

Newborn Apgar Score Documentation Adherence
A- Action Electronic documentation of Apgar Score 1
A- Actor Doctor or Delivery Suite Midwife 1
C- Context Labour Ward/ Delivery Suite 2
T- Target The newborn details documented in the maternal 1
record
T-Time 1 and 5 minutes after birth 1

This scenario involved the baby who needed initial paediatric care and assessment
but then recovered sufficiently to return to routine care with their mother. It was

this baby’s Agar score that was not entered in a structured way by either the
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midwife or the NCHD and left a number of newborns without any documented
Apgar scores. Following this assessment, an adaption to the workflow was made
and all actors involved had their actions modified to ensure a completed patient
record was recorded. An educational memo was distributed to clearly outline the
3 scenarios and the actions needed by all involved (Appendix 10). This workflow
adaption has improved the data completeness by addressing the actor required to

make the change.

4.6.2 Neonatal Death Workflow

Another example of workflow changes needed post go-live of the EHR was around
the process for documenting a neonatal death and the required date and time of
death. This information is essential for report extracts to inform the Registrar of
Births, Deaths, and Marriages of the National Civil Registration Service. Following
a review of the workflow, after a baby was pronounced as deceased, the date and
time of death was documented generally as a free text content in a medical note
and was not extractable in a structured form. Following the report extract missing
this key field, a new review of the workflow was undertaken. The workflow

assessment based on the AACTT framework is displayed below in table 4.5:
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Table 4. 5: The AACTT framework to assess the neonatal death workflow
highlighting the target was the point of non-adherence to the workflow needing
EHR modification.

Neonatal Death Documentation Adherence
A- Action  Structured documentation of Date and Time of 2
Death
A- Actor Consultant Neonatologist 2
C- Context Neonatal Intensive Care Unit or Delivery Suite 2
T- Target The newborn’s HER 0
T- Time After death has been pronounced 2

Following this a new additional documentation form was developed and
implemented to capture the date and time of death in a structured way in order
for it to be included in report extracts. Following the new change in workflow for
the medical team, additional communications and training were put in place to

ensure the relevant stakeholders were aware of the new work process.

4.7 New Workflow Development- Jaundice Treatment Graph

4.7.1 Jaundice Graphs

Following the successful implementation of the MN-CMS EHR in 4 hospitals
from 2018, one vital element remained on paper due the lack of software build
and that was the Neonatal Jaundice Treatment Graph. The software vendor was
an American company who provided a neonatal jaundice graph based on the
standards recommended by the American Academy of Paediatrics (AAP) which was

the Bhutani nomogram?!!” and a separate nomogram to determine the need for
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phototherapy!!®. This, however, was not the gold standard used in Ireland and the
United Kingdom for phototherapy treatment. The National Institute of Clinical
Excellence (NICE) is the gold standard in Neonatal Jaundice Treatment thresholds
and provide neonatal clinicians with a jaundice treatment graph based a specific
gestation ages from 23weeks to >38weeks gestation'!®. Both the NICE graph and
the AAP Bhutani graph also used different sample types for plotting; with a
transcutaneous and a serum bilirubin level required for the AAP and a serum or
point of care bilirubin level required for the NICE graph. Prior to this electronic
implementation this graph was completed on paper with clinicians selecting the
correct graph from printed supplies, transcribing patient details, time of birth, age
in hours and then manually plotting the patient’s bilirubin result onto the graph
using the correct X and Y axis plotting (Appendix 11). This paper graph was only
scanned into the patient’s EHR when it was completed after 14 days of life and so

was completely separate to their EHR record.

Neonatal jaundice is the most common condition needing medical attention in
both term and preterm babies. Approximately 60% of term and 80% of preterm
babies develop jaundice in the first week of life!!°, Jaundice refers to the yellow
colouration of the skin and the whites of the eyes. Jaundice or hyperbilirubinemia
is a condition where bilirubin accumulates, often due to the immaturity of the liver
and the breakdown of fragile, immature red blood cells'*®. In most babies with
jaundice there is no underlying disease, and this early jaundice is generally
harmless. However, there are pathological causes of jaundice in the newborn,

which, although rare, need to be detected!'®. To this end, neonatal jaundice
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monitoring is critical is everyday care of newborns. Bilirubin levels from both point
of care testing and serum laboratory levels are plotted against the appropriate
gestational age graph correlating with the baby’s age in hours. This graph can then
determine the need for treatment. Treatment for jaundice is the use of
phototherapy or light treatment to the exposed baby’s skin for a number of
days''®. The following retrospectively details the implementation of the NICE
jaundice graph into MN-CMS which occurred in 2019. This PhD candidate was
employed as the NICU Workstream Lead and coordinated and facilitated the
implementation- this is a retrospective review of that implementation and
provides a workable example of workflow analysis through to successful

implementation.

4.7.2 Aim

This new workflow was to implement a digital NICE Jaundice Treatment
Graph fully integrated to the EHR, which would automatically select the correct
graph based on gestational age and plot bilirubin levels directly from a third-party
laboratory system to the EHR at the correct point in time, based on age and time
of blood sampling. The digital graph could also display when phototherapy

treatment was commenced and discontinued for a clear clinical picture.

4.7.3 Assessment needs prior to workflow design

Once the permission to reproduce the graph was received from Royal
College of Obstetricians and Gynaecologists (RCOG) on behalf of the National

Collaborating Centre for Women and Children’s Health (NCC-WCH), the project
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team convened the key persons with responsibility in the area. Key persons
required for this project included the National NICU Workstream Lead, the
National MN-CMS Order Communication (Laboratory) Workstream Lead, the
vendor Cerner (now Oracle Cerner), a representative from each of the 4 hospitals
Laboratory Information Systems (LIS) and neonatal subject matter expert from

each of the 4 live sites.

4.7.4 Workflow Design

The initial steps included designing the clinical workflow that would be
needed based on the key clinical staff accessing and using the graph in clinical
practice (Appendix 12). Each workflow step was processed and stepped through
ensuring all clinical scenarios were included. The AACTT framework® was useful
to retrospectively identify the relevant actions needed by actors in the correct
context, target and time (Table 4.6) and is graded accordingly for this workflow .
Through the accurate workflow design- all clinical scenarios were identified and
designed into the software build for the new graph with the correct views and
access to the graph. The importance of the workflow design, then played a key role
and formed the basis for testing and training. Test scripts were developed based
on the workflow process to replicate the clinical scenarios and training plans were

developed.
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Table 4. 6: AACTT Framework for NICE Jaundice graph workflow including all
relevant actors, in the correct context and adherence assessment.

NICE Jaundice Treatment Graph Workflow Adherence

A- Action Launching the graph, ensuring key triggers such as 2
Gestation Age and Date/Time of Birth are recorded

in the HER

A- Actor Nurse, Midwife, Doctor

C- Context Post-natal ward and NICU

T- Target All newborns requiring assessment

Nl N N[N

T- Time From 0-14 days of life

4.7.5 Testing

The testing was completed by clinical staff with a neonatal background and
medical scientists with a knowledge of LISs and interfacing. The graph was initially
built in the non-PROD domain for testing. Each graph required a gestational age
entered of between 23 and 38 weeks (16 different graphs to trigger the correct
treatment threshold recommendations). Each gestational age graph was tested
and compared to the gold standard on the NICE graph available from their website.
Following verification of the treatment line thresholds, bilirubin results were
added to the test patient’s records and plotting was tested. Bilirubin results were
entered from 2 sources- the point of care value entered directly into the patient
EHR and a serum bilirubin level which was resulted from a LIS system in each of
the four live sites which comprised of 4 different third-party LISs. Any test issues
arising were fixed prior to deployment to the live production domain. One

significant challenge encountered during the testing phase was the Unit of
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Measure (UOM) of the Bilirubin. Again, as the EHR vendor was a US based
company the UOM was mg/dL and the European graph deployed was worked on
a UOM in umols/L. To fix the issue a universal database change was made across
the system to reflect the UOM used in Europe and on the new digital NICE Jaundice

Graph.

4.7.6 Implementation Strategies

Prior to deployment a series of on-line demonstrations were provided to
clinical staff in the 4 neonatal units live and a champion was identified in each site
to continue the training and knowledge transfer. Training materials were
developed as a support to training and reference tool. While clinical staff would
always have known how to use the graph on paper, the key points on the digital

graph were highlighted.

4.7.7 Go Live

The NICE Jaundice treatment graph was implemented in 2019 during day-
time hours with no downtime experiences. Historical data for patients existing
were uploaded seamlessly and all babies in neonatal units and post-natal wards
had a digital jaundice treatment graph for clinicians to make treatment decisions
for the vulnerable population. The NICE jaundice graph is shown in appendix 13.
The graph is a dynamically loaded page and works based off the time of birth, a
yellow line displays for “now” which is the time the page is loaded. It displays both,

point of care and, serum bilirubin samples very clearly with a textual rendition of
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recommended treatment e.g., none, phototherapy, or exchange transfusion. The
graph also displays indicators when phototherapy treatment has started and

discontinued based on data being entered in the EHR.

4.7.8 Outcomes

The implementation of the NICE jaundice graph was successful and has
achieved a number of implementation science-based outcomes of success such as
acceptability, feasibility, and sustainment. To date this is a vital part of neonatal
daily workflows with an average of 550-page loads per day providing clinicians with
up-to-date clinical information and the elimination of paper graphing. The graph is
used routinely by staff caring for newborn babies which shows that it is acceptable,
appropriate and is showing adoption of the workflow by staff. The fidelity of the
project and new workflow has also been maintained as the new workflow was

implemented as intended based on the NICE guidelines®.

4.8 Results

The assessment of workflow adherence to the AACTT framework is a successful
and useful tool. In the case of the admission workflow all elements were met
however two other workflow examples presented were not met. The Apgar
workflow and the neonatal death workflow highlighted issues with the actor and
the target respectively (Table 4.7). Once the sticky point can be identified and
rectified, the workflow process should flow. In these cases, those elements were

corrected, and the workflow was adherent to the framework following adaptation.
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Table 4. 7: Workflow reviews and results of adherence to the framework.

Workflow Action Actor Context Target Time Workflow Issue

Name

NICU 2 2 2 2 2 None

Admission

Apsgars 1 1 2 1 1 Primarily actor
with a ripple effect
on others

Neonatal 2 2 2 0 2 Target

Death

NICE 2 2 2 2 2 None

Jaundice

Graph

4.9 Discussion

This chapter has described the process of workflow mapping in the
healthcare settings and the steps needed to ensure adherence to workflow
development. The introduction of EHRs in healthcare can introduce significant
changes to clinical work processes and workflows'?°. The creation and adaption of
EHR workflows, therefore, are essential in ensuring the appropriate design of the
EHR. Workflows are systems that help organise, specify, execute and coordinate
the flow of work!?!. Workflows are the thread which becomes the backbone of
system testing, training, and leading to optimal reports from the system based on
good data quality''°. The process of adequate workflow creation has been detailed
here involving the relevant stakeholders. Workflow patterns are sensitive to any
changes which necessitates precise and detailed workflow mapping for a
successful EHR implementation?®'21, Ensuring the workflows are feasible and
acceptable to users can encourage the EHR becoming part of the everyday practice

rather than an extra burden?®. Workflow analysis was conducted in this chapter
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and in particular, the adherence of workflows to a framework from
implementation science. The design of workflows involves the relevant
stakeholders, performing tasks in sequential order to achieve a desired outcome?®.
The AACTT framework® was chosen as being the most relevant tool. Utilising the
AACTT framework, the admission workflow was evaluated as being adherent to
the framework incorporating all the key contexts to be enacted in clinical practice.
Two workflows needed amendments due to non-adherence or partial adherence
in order to incorporate the relevant contexts. Finally, a new workflow development
was retrospectively reviewed using the AACTT framework and the detailed
implementation was described. The implementation of the new workflow, the
NICE jaundice graph, incorporated all relevant components of the framework and
provided the basis for the design, test, train and implement phases. The new
workflow introduction of the jaundice graph worked well from the outset as each
category of the AACTT framework was adhered to in the workflow development.
Learnings from the previous workflow adaptions were key to the development.
Ensuring the actors had a clear coherence of the actions needed in the correct
target, context and time contributed to a successful implementation. To fully
achieve a workable EHR, systems needs to ensure clinical, environment and
workflows of individuals and multidisciplinary teams are fully considered??. The
integration of the NICE jaundice treatment graph within the EHR is somewhat
unique as many institutions will simply link out to a separate wed-based system?'%3
and so is rare to have achieved this in the MN-CMS. Equally the continuous
evaluation and adaptation of workflows when necessary is essential. The end goal

of correct and appropriate workflows is that users have a straightforward process
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of patient data entry within the database which firstly, will provide bed-side
clinicians with up-to-date clinical information and secondly, will provide outputs
and extracts for data analyses?®. Data capture and recording needs to be accurate
for the patient®® and relatively straight forward for the user. Structured data entry
is useful in terms of chart review, having available up to date information on which
to base clinical decision making and guide care decision. Standardised data can be
used for informing audit and population-based health information such policy
guidance. The importance of a strict change control policy is important for any
system and needs to include a workflow impact assessment for any change!*0. The
importance of appropriate clinical workflows is essential to avoid workarounds?®
and further workflow developments and workflow measurements will be
discussed in subsequent chapters and publications. The focus will be around the
evaluation of NICU daily care and ward rounds where workflows are quantitatively
measured and very specific newborn feeding data entry, its accuracy and review of

information will be assessed.

4.10 Conclusion

This chapter has demonstrated the importance of accurate workflow mapping
to achieve the desired goal and outcome of the workflow. An outline of the
importance of workflows has been highlighted and the need to avoid workarounds
or fragmentation. The AACTT framework was beneficial to underpin the workflow
development in a theoretical framework and grade the workflow adherence to the

framework. The workflow process mapping has been outlined and some examples
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of workflow adaption have been detailed based on their adherence to the AACTT
framework. A new workflow development was retrospectively outlined.
Appropriately designed workflows can underpin the EHR system and encourage
appropriate and accurate data entry, which can be used to assess patient care and

inform audit.
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Chapter 5- Impact of an Upgraded Patient Summary Page:
Measuring Workflow Compliance in a Neonatal Electronic
Health Record

5.1 Abstract

Introduction The implementation of Electronic Health Records (EHRs) is a
necessary step in modernising healthcare and enhancing the availability of patient
data for healthcare providers. However, direct data acquisition from clinicians
remains one of the largest obstacles in EHR optimisation. Workflow measurement

is essential in assessing clinical workflow compliance and data entry into EHRs.

Aim This quantitative, descriptive study measured workflow compliance using pre-
and post-measurements within a national EHR following an upgraded patient

summary page.

Methods This study extracted data from the EHR software audit log files to
measure workflow compliance for Neonatal Non-Consultant Hospital Doctors
(n=29) from two independent samples and for NICU Nurses (n=76) using one
sample, looking at timings related to keystrokes and mouse movements. Data were
analysed using means and standard deviations. Mean differences and their 95%
Confidence Interval were calculated and their statistical significance were
calculated based on p values derived from paired t-tests for the NICU Nursing data

and Independent t-tests for the NCHD data.

Results NCHDs displayed an increase in problem and diagnoses entries in the post
phase compared to the pre phase, Problems increased by 317%, with a mean
change of +5.2 (Cl -7.9-18.4), Diagnoses increased by 47% with a mean change of
+8.8 (CI-17.9-35.4) and Problems Reviewed increased by 250%, with a mean
change of +4.9 (Cl -9.1-18.9). Nursing documentation had some improvements in
the post phase compared to the pre phase with more structured iView
documentation increasing by 1.1% (Cl 0.1-2.0%) and less clinical notes use which
reduced by -0.7% (Cl -1.2- -0.3%). Nurses had a significant reduction of EHR time

per patient of 1 minute & 14 seconds.
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Discussion This study has contributed positively to quantitatively assessing
workflow within the EHR. The redesigned neonate patient summary page had
some positive impact on workflow and EHR utilisation however more training
would be beneficial. Workflows of both the nursing group and the medical group

are inextricably linked together in an interdependent way.

115



5.2 Introduction

Healthcare can generate huge volumes of data daily®. The delivery of safe
and effective healthcare can depend on the availability of accurate and up-to-date
datain a legible, reliable, and timely manner>®. The entry of structured data using
discrete data fields not only standardizes data entry for direct patient care but also
has potential advantages for secondary analysis and epidemiology research?>.
However, direct data acquisition from clinicians remains one of the largest
obstacles to optimizing the Electronic Health Record (EHR)!?°. This article aims to
describe a quantitative study that measured workflow compliance following an
upgraded patient summary page in a national neonatal EHR using pre- and post-

measurements of key users of the neonatal EHR.

5.3 Workflows

EHR implementation in the hospital setting can be complex”8. However, it is a
necessary part of modernizing healthcare and enhancing the availability of patient
data for health care providers and promoting health equity3. The inability of an
EHR system to meet the workflows of end-users and organizations is often cited as
negatively impacting its success'¥?4. A clinical workflow is a series of steps enacted
to perform a certain clinical activity, such as inpatient admissions to a health care
facility?®. In the clinical setting, workflows can be complex and multi-faceted with
numerous interdependencies of various healthcare teams?®. Creating and adapting
both the technology and work practices in workflow development, is a key factor
in implementing an EHR® and there is a need for flexibility in digital change

transformation’. Suboptimal workflows will eventually promote users working
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around the EHR?® and drive EHR dissatisfaction due to usability issues?26,
Workflow measurement is essential in assessing compliance. Zheng and colleagues
recommend measuring workflows by breaking them down to various tasks and
using time-in-motion studies or audit logs?®. Time-in-motion studies can be labor-
intensive and subject to individual bias?®. Whereas EHR system audit logs are
useful for measuring various workflow activities objectively?® and have been
successfully validated and used in previous studies?67'2°, The Maternal and
Newborn Clinical Management System (MN-CMS) is a national EHR for mothers
and newborns in the Republic of Ireland. Recently, the neonatal EHR upgraded the
patient summary page to upgrade the software and optimize the clinical
information available to users. Software upgrades are necessary as they allow for
new and improved functionality and/or fix any known bugs within the software3°,
To demonstrate the user interface change, the old and new patient summary EHR

views are included in Appendix 15 and 16.

The new page was designed to view structured patient data in a summary
format. Digital healthcare transformation to EHRs has been slow in the Republic of
Ireland compared to the United States. There is typically an overreliance on free-
text clinical notes rather than structured data entry such as problems, diagnoses,
procedures, and orders from medical staff primarily. Furthermore, this impacts the
nursing workflow with an overreliance on reviewing the medical free-text notes
for plans of care. The new summary page was designed using an iterative action
research approach described by Murphy and colleagues®® to encourage a revised
review, communication, and recording workflow. The purpose of this new patient
summary page was to bring clinical information together, to improve the reviewing
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and communication across disciplines without going further into silos of
information to access data for care decisions. The purpose of this study was to
measure workflow compliance using key workflow tasks based on these steps:
Review (charts open, review times, endorsing results), Communicate (orders
placed, problems, diagnoses and procedures entered) and Record (documentation

type and times, number of documents signed).

5.4 Aim

This quantitative, descriptive study measured workflow compliance using

pre- and post-measurements within a national EHR.

5.5 Method

The study population was neonatal users from one large tertiary hospital (approx.
7,000 births/year) with a level Ill Neonatal Intensive Care Unit (NICU) included:
NICU nurses (n=76) and neonatal Non-Consultant Hospital Doctors (NCHDs)
(n=29). Due to the routine NCHD rotation and change-over of personnel, NCHD
data were collated from two independent samples of NCHDs, one before and one
after the upgrade. The data were gathered one month prior to the implemented
change and one month after the change. This study extracted data from software
audit log files. These files included timing data related to keystrokes and mouse
movements from all EHR users. This data report captured a user’s activity based
on categories structures, such as chart review times, documentation times,
orders, problems and diagnosis, medication administration, and general timing in

the EHR. These are defined in Table 5.1.
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Table 5. 1: Definition of EHR Functions and categories as described by the log

files.

Note: This provides explanations of the log file outputs for each user. This was
adapted from Overhage and McCallie!?®

Chart Review Review clinical results, observations, and notes in the EHR
broken down by using different areas of the chart e.g.,

Mpage, document viewer, flowsheets

Documentation Recording documentation and creating notes

iView Interactive view - contains various data points related to

patient care, observations in a structured and organized way

Powerform Structured form of data entry at patient level e.g., admission
form
Powernote Structured form of medical note with paragraphs containing

history, physical examination, plan of care.

Clinical Note Free text note

Macro Predefined entry selection for PowerNote at paragraph level

e.g., well baby physical exam

Orders Writing orders includes various categories e.g., patient care,

diet, consults, referrals

PowerPlan Group of patient orders e.g., care orders, medications,

laboratory etc.

Problems and Reviewing and updating the patient's problem list

diagnoses

Other Non-categorized EHR times from specific activities or
categories of activities that are too small to uniquely

represent

Care Compass Multi Patient Organizer with patient summary and tasks

Medication Documentation of Medications Administered

Administration
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An example of the audit log files for one month of a single user for both the pre

and post phase are displayed in Figures 5.1 and 5.2, where the distribution of EHR

time is displayed in percentages.

Time in EHR Allocation

B Documentation: 64.9%
B Chart Review: 17.0%
Care Compass: 6.9%
B Medication Administration: 4.8%
B Registration and Scheduling: 2.6%
I Patient Discovery: 1.6%
B Other; 0.9%
Alerts: 0.7%
B Orders: 0.3%
Discharge: 0.2%
B Histories: 0.0%
I Problems and Diagnosis: 0.0%

Figure 5. 1: Example of the audit log for one user for one month during the pre-
measurement phase; displaying a breakdown of time distribution in the EHR

described in percentages.

120



Time in EHR Allocation

B Documentation: 59.4%

B Chart Review: 15.4%

[ Registration and Scheduling: 6.9%
Care Compass: 6.2%

B Medication Administration: 5.4%
Patient Discovery: 3.7%

Il Other: 1.1%

B Orders: 0.8%
Alerts: 0.4%
Discharge: 0.3%

[l Patient Education: 0.2%

# Problems and Diagnosis: 0.1%

Histories: 0.0%

Figure 5. 2: Example of the audit log for one month during the post-measurement
phase.

5.6 Data Analysis

All data with participant identifiers were removed and imported to IBM SPSS
27 for analysis®3!. Each metric, for both groups, was described using means and
standard deviations. Mean differences and their 95% Confidence Intervals were
calculated, and their statistical significance was assessed based on p values derived
from paired t-tests for the NICU nurse data and independent t-tests for the NCHD
data. Independent t-tests were used for the NCHD group because they were two
independent samples pre and post rotation changeover. The significant p-value
was set at 0.05 (5%) meaning a p-value <0.05 was a statistically significant result.
Some specific metrics such as entry of procedures, problems, diagnoses, and
orders were also reviewed in total numbers and directly compared to hospital

activity such as birth rates and neonatal unit occupancy. The workflows being
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examined were the routine daily medical patient review tasks (such as
documentation, placing orders) and the daily nursing care workflows. Data points
varied by discipline due to the difference in end-use workflow practices. Nursing
workflows focus on documentation, medication administration and some specific
orders. Medical team workflows focus on entering problems, diagnoses,
procedures, placing orders and documenting medical notes. The workflows were
subdivided into reviewing, communication, and recording for each group.

e Review data points being measured for this study consisted of
documentation review and flowsheet review, charts opened, and
endorsing results.

e Communicate data points were identified as those structured entries that
would enhance communication across the multi-disciplinary team, such as
orders placed, problems, diagnoses and procedures entered.

e Recording data points consisted of documentation methods, structured
and free text documentation.

These data points are listed in Figure 5.5. Some data points were gathered by
running specific reports against the database, such as procedures entry and results
endorsement. A pre- and post-comparison was conducted between each value for

each user.
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Summary (Mpage) Documentation

Review

Methods

Powernotes

Clinical Notes

iView (Structured Data)

* Problems/Diagnoses
* Procedures
* Orders

Document Viewer
Flowsheet Review
Endorsed Results

Review
Communicate

Figure 5. 3: Workflow Evaluation points

5.7 Results

The NCHD group had a reduction in the number of charts opened with a
mean reduction of 301 charts (Cl -552.4- 51.1, p= 0.019) and the number of
documents signed showed a mean reduction of 101 documents (Cl -192.6- -10.0,
p= 0.031). However, this group did display an increase in problems created by
+317% with a mean change of +5.2 (Cl -7.9-18.4, p= 0.426). Problems reviewed
increased by +250%, with a mean change of +4.9 (Cl -9.1- 18.9, p= 0.484), albeit
from low baseline levels, and there was a large increase in the number of
diagnoses created by +47% which was a men increase of 8.8 (Cl -17.9- 35.4, p=
0.510). The total orders placed showed a mean reduction of 21.7 orders (Cl -48.9-
5.6, p= 0.117) which was a 36.8% reduction; this was a larger reduction than the
activity reduction and so does not support an improvement in this data entry.
Endorsing laboratory results from either an inbox or pool was consistently well

managed in the pre- and post-phase. The NCHD results are presented in Table 5.2.
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Table 5. 2: NCHD Pre and Post

95% Confidence Interval of the

Difference

I\;;—n I\I;ZZtn C'\:ae:gne (% Change) Lower Upper p value
Review
Charts Open 965.5 663.8 -301.7 -31.3 -552.4 -51.1 0.019
Communicate
Total Orders Placed 58.9 37.2 -21.7 -36.8 -48.9 5.6 0.117
Powerplans Selected 15.5 10.2 -5.3 -34.2 -12.2 1.7 0.132
Orders — Consults 4.3 2.8 -1.5 -35.8 -3.8 0.8 0.182
Orders- Referrals 6.8 3.3 -3.4 -50.8 -7.3 0.4 0.080
Orders- Diet 0 0.2 0.2 -0.1 0.4 0.161
Orders- Patient Care 54 2.8 -2.5 -46.9 -4.7 -0.3 0.025
Procedures Documented 0.3 0.3 0.0 -6.7 -0.5 0.5 0.936
Problems Created 1.7 6.9 5.2 317 -7.9 18.4 0.426
Diagnoses Created 18.7 27.5 8.8 47 -17.9 35.4 0.510
Problems Reviewed 2.0 6.8 4.9 250.8 9.1 18.9 0.484
Record
Documents Signed 302.3 201.0 -101.3 -33.5 -192.6 -10.0 0.031
Clinical Notes Signed 5.4 3.5 -1.9 -34.8 -5.5 1.8 0.305
Powernotes Signed 237.8 142.9 -94.9 -39.9 -167.3 -22.5 0.011
Macros Used 46.7 29.2 -17.5 -37.5 -41.7 6.8 0.151
Average Documentation Time (Secs) 359.0 435.2 76.2 21.2 -23.9 176.2 0.131
Total Clicks per Note 963.4 1029.3 65.9 6.8 -132.6 264.5 0.505
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The NICU nursing group spent most of their time in the EHR documenting, with
little variance in the pre- and post-measurements (see results in Table 5.3).
Documentation methods had some reportable changes in the post phase with
more structured (iView) documentation with a mean increase of 1.1% (Cl 0.1-2.0%,
p=0.024) and less free-text clinical notes use which reduce by 0.7% (Cl -1.2- -0.3%,

p=0.003) which would be consistent with the workflow compliance for this group.
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Table 5. 3: NICU Nurse Pre and Post

95% Confidence Interval of the

Difference

Pre-Mean Post Mean Mean Change Lower Upper p value
Review
Chart Review 18.1% 18.4% 0.3% -1.1% 1.7% 0.648
Chart Review Mpage 54.9% 55.3% 0.4% -2.4% 3.1% 0.785
Chart Review Documents 35.2% 32.9% -2.3% -5.5% 0.9% 0.155
Chart Review Flowsheets 6.7% 6.5% -0.2% -1.4% 1.1% 0.811
Chart Review Clinical Notes 1.3% 1.3% -0.1% -0.6% 0.5% 0.850
Chart Review Other 1.8% 2.3% 0.5% -0.1% 1.1% 0.131
Care Compass 4.1% 4.5% 0.4% -0.2% 1.0% 0.195
Communicate
Consults 0.2 0.2 0.0 -0.2 0.2 0.885
Diet Orders 0.2 0.2 -0.1 -0.1 0.0 0.208
Patient Care Orders 0.3 0.2 -0.1 -0.1 0.0 0.251
Record
Documentation 63.2% 61.6% -1.6% -3.5% 0.3% 0.095
Documentation — iView 96.3% 97.3% 1.1% 0.1% 2.0% 0.024
Documentation - Clinical Notes 1.5% 0.8% -0.7% -1.2% -0.3% 0.003
Documentation- Powerforms 2.1% 1.8% -0.4% -1.1% 0.4% 0.299
Documentation- Other 0.1% 0.1% 0.0% -0.1% 0.2% 0.722
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Medication Administration 6.4%

6.7% 0.3% -0.5% 1.0% 0.490
Secondary Analysis
Time in EHR per Patient (mins/secs) 13:22 12:08 -01:14 -02:24 -00:04 0.037
Time in EHR per Shift (hr/mins/secs) 01:19:05 01:03:53 -00:15:11 -00:18:25 -00:11:57 <0.001
Clicks per Patient 266.3 249.2 -17.0 -34.9 0.8 0.061
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NICU Nurses spent 18% of their time in the chart review measurement category,
which had minimal variance in the pre-, and post-measurements displaying and
post phase increase of 0.3% (Cl -1.1- 1.7%, p= 0.648). However, they had 17 fewer
clicks per patient (Cl -34.9- 0.8, p= 0.061). There was no change in nurses placing
orders and this data point remained consistent, displaying no improvement. A
secondary analysis found statistically significant time reductions for nursing time
in the EHR with a time saving of 1 minute and 14 seconds per patient (Cl -02:24- -

00:04, p=0.037).

5.8 Discussion

Few studies from the literature have studied both nursing and medical
workflows together!32. This study has examined both and it is apparent from this
study that the workflows of the nursing group and medical group were inextricably
linked together in an interdependent way. The workflow measurement following
this upgrade has shown some increase in problems and diagnoses entry by senior
NCHDs which is cautiously reported as this was not displayed consistently
throughout this group as senior registrars entered these data more than junior
doctors, so they were not statistically significant and displayed wide confidence
intervals. There have been suggestions that the use of the diagnoses entry should
have specialized physician training33. Furthermore, a lack of face-to-face clinical
discussion of the patient’s diagnoses can lead to more fragmented data entry in
the EHR!33. Documenting such relevant data points to the patient’s EHR can ensure
an overall review would be easier and more consistent for all multidisciplinary

users to gain an updated status on a patient’s condition. The reduced
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documentation by doctors may be due to an overall reduced activity in the post-
measurement phase with birth rates reduced by 45 births (7.2%) and neonatal unit
occupancy reduced by 19.6%. The pre phase had a neonatal unit average
occupancy of 35.8 inpatient babies per day and the post phase had 28.8 inpatient
babies per day which is a reduction of 7 inpatients babies on average per day in
the post phase. With less patients, there can be less documentation notes to enter
into the EHR. The reduced post-period order entry was not consistent with the
facility’s reduced activity, however. The ordering process such as fluid and diet
orders are still not entered in a structured format and could be reflective of the
different health systems between Ireland and the United States- based EHR
vendor. The benefits of using orders and order sets creates an opportunity for
enhancing awareness for the unique health care needs of an individualized patient
and can provide an opportunity for greater collaboration between different health
care providers across the multidisciplinary team?34,

This study has demonstrated that the majority of beneficial findings were
among NICU nurses. Nursing documentation in the post phase improved with
statistically significant increase in structured documentation and reduction in free
text note writing. The nursing group also had a significant reduction of time in the
EHR per patient. This reduced time in EHR was measured per patient and so was
independent of the reduced activity and occupancy in the facility. Reduced nursing
documentation time using EHRs may possibly be associated with more time being
directed to clinical care'®> and thus highlighting the significant benefit of this
nursing time saving following the introduction of this upgrade. Nursing data entry

into EHR systems is essential in planning care'3® and therefore, the usability of EHR
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systems is a key factor for nurses'3%137.138 poor EHR usability has been associated
with adverse nursing outcomes such as burnout*3”138 and poor patient outcomes
such as mortality and readmission!3’. Furthermore, excess EHR screen time can
lead to emotional distress, physician burnout, reduced patient contact and may
contribute to increased medical errors'3214° |t is essential that EHR design aims to
maximize the clinician’s time spend interacting with and providing care to their

patients!4L,

5.9 Implications to Practice

Increasing the usability of EHR systems can have a positive impact on data
entry, reducing workload burdens and increasing the reliability of records!3®. The
use of audit logs for clinical practice could potentially provide some excellent
opportunities for optimisation and improving usability of systems. It could be used
to identify issues and offer users further training and optimisation in their

workflows.

5.10 Implications to Policy

Although, there are European directives on accurate data recording®,
Ireland would benefit from local and national policy guidance in EHR data entry to
improve the reliability of records for both nurses and doctors who interact with an

EHR.

5.11 Implications to Research

Although this study contributed greatly to the quantitative measurement

of workflow analysis, some further research would be beneficial to contribute
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further to this topic. Further research using log files from a European perspective
would be beneficial rather than a US comparison based on significantly different
health care structures. Additionally, more nursing data variables are needed to
describe their EHR usage across different health services and countries such as
documentation times, chart review times and medication administration times. In
this way different nursing specialties can be directly compared, and optimisation
plans can be introduced. Further qualitative studies around attitudes and

perceptions of users to software changes would be beneficial.

5.12 Limitations

Unfortunately, due to the prolonged restrictions in healthcare, from the
COVID-19 Pandemic, the training plans for implementation were dramatically
altered to facilitate learning in a socially distanced way. Users were provided with
a video of the new summary page’s functionality rather than in person classroom
sessions. Although training completion was reported to be 80% by the facility, a
reasonable recommendation following this review is that further training and
optimisation would be beneficial to both groups. The user’s knowledge and ability

to use health information technology was not assessed in this study.

5.13 Conclusion

The introduction of the upgraded summary page has demonstrated some
very positive changes and adoption to utilizing the EHR optimally. Post workflow
change analysis has demonstrated the majority of beneficial findings were among

the NICU nursing group with more structured data entry. Significant time savings
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were demonstrated in the nursing group which can have positive impacts on
patients care delivery. This study has demonstrated the useful benefits of EHR
workflow measurement by quantifiably measuring tasks associated with the

workflow.
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Chapter 6- Improving the quality of newborn feeding
documentation in an EHR using a mixed method approach

6.1 Abstract

Introduction: Newborn feeding is key to infant growth and survival. Accurate
feeding documentation can inform care decisions and planning of care. A
nutritional dashboard is available within the Electronic Health Record (EHR) which
accumulates feeding data in a graphical display.

Purpose: To improve the quality of newborn feeding documentation for post-natal
ward babies and babies in the Neonatal Intensive Care Unit (NICU).

Design and Methods: This study was conducted across 4 hospital sites using the
national newborn EHR. A multidisciplinary end user expert group (n=38) was
established. Qualitative thematic analyses from this group were used to design
new feeding data entry and review elements. A focus group (n=5) was conducted
to evaluate the post change using reflexive thematic analysis. Quantitative pre-
post design was used to assess feeding documentation for both post-natal ward
baby charts (n=134) and NICU baby charts (n=188). Descriptive statistics and
Pearson’s chi-square were used to assess pre-post differences and statistical
significance. The use of a nutritional dashboard was assessed using system audit
logs and analyzed using Poisson regression testing in this mixed methods study.
Results: Three themes were identified in the pre qualitative phase: (1) Complex
data entry, (2) Difficulty in reviewing data and an (3) Unreliable nutritional
dashboard. This expert group collaborated to develop a new design for data entry
and review. Quantitative analysis showed post-natal ward babies had
improvements in structured feeding documentation by 91.6% (from 17.9% to
34.3%) (p= 0.031) in the post change phase. NICU data feeding documentation
improved by 25% (from 72.3% to 90.4%) (p=0.001) in the post change phase. Use
of the nutritional dashboard however reduced in the post period. Following the
post change focus group in one site four themes emerged: (1) Benefits to EHR
recording, (2) Resistance to digital change, (3) Accurate data reliable results and

(4) Complex case prioritization.
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Conclusion: This study has positively demonstrated improvements in the quality
of newborn feeding documentation within the patient’s EHR can be achieved

through a collaborative multidisciplinary approach optimising EHR design.
Practice Implications: The benefit of a multidisciplinary approach to EHR design is

paramount to promoting superior quality data entry compliant with individual

workflows.
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6.2 Introduction

Infant nutrition has a key role to play in growth and development, and can have a
profound impact on society in terms of reducing obesity and chronic disease
prevention 43, The first year of life is a period of rapid growth and development
143 Infants born prematurely face numerous challenges including being vulnerable
to suboptimal nutrition 4. Premature infants are born at a critical time of brain
development which can involve some complex and precisely programmed
neurodevelopmental events 456 This in turn poses a risk to the preterm brain
being vulnerable to numerous insults and consequently leading to a high incidence
of lifelong neurodevelopmental, cognitive, behavioral, and motor impairments
145,146 Nutritional support can play an important role in the neurodevelopment of
the preterm infant 147, Early nutritional is one of the interventions that can act to
modify the development of the preterm brain and perhaps mitigate any long term
neurodevelopmental outcomes'#’. As the postnatal nutritional support may not
optimally match the third trimester intrauterine growth, this can lead to high rates
of faltering growth for preterm infants **® and it is for this reason that postnatal
nutritional support should be optimized #8-1°1, To assist clinicians in making
decisions around nutritional optimisation; having accurate and timely information
can assist in care planning and nutritional progression 2. Within an Electronic
Health Record (EHR), the use of data to extract information and develop into
knowledge to support clinical decision making, is described as a critical success
factor for an organization 3. Some elements of clinical data are routinely used to
guide clinical care such as measurable attributes of blood pressure, heart rate and

temperature. Nutrition and growth also need to be closely monitored to overcome
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any nutritional deficits during this critical growth phase particularly transitioning
from parenteral nutritional to enteral nutrition 144, Real life challenges have been
identified around data quality in clinical organizations attempting to extract data
in relation to newborn feeding *°* and highlight the need for the EHR to show an
accurate view of the real clinical situation of patients °4%>, Systematic errors
associated with the information systems structure can hinder accurate data quality
156 The dimensions of data quality vary and include accuracy and reliability,
timeliness, coherence, accessibility and relevance®’. The quality of data input can
strongly influences the quality of the results °31°8 and interpretation of data into
knowledge. Since the beginning of modern nursing, nursing data have been the
most potent source of data for planning and improving the quality of care®3®. The
importance of documenting newborn feeds can contribute to the plan of care and
promotes consistency and safety of the infant 2. The benefits of careful
documentation regarding the quality of the feed can communicate the infant’s
progress to the wider interdisciplinary team and has been identified as a crucial

aspect of care 1*2,

6.3 Background

The Maternal and Newborn - Clinical Management System (MN-CMS) is a
national project implementing a single national EHR for maternity and neonatal
services in Ireland 37. The MN-CMS newborn EHR contains various data points on
newborn feeding for both well babies on post-natal wards and babies admitted to
the Neonatal Intensive Care Unit (NICU), completed by the midwife and NICU

nurse. The MN-CMS project was instrumental during the EHR design in developing
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a nutritional dashboard for infants which provides a graphical display of daily
intakes consisting of nutritious and non-nutritious parenteral fluids and enteral
feeds. The enteral graph of the nutritional dashboard is populated by the feeding
data entries in the EHR (See Figure 6.1). The nutritional dashboard displays enteral
feeds based on feed type (breastmilk or formula) and by method the milk was
received (teat or tube). This graphical display of feeding progress has the potential
to enhance feeding and nutrition review for the entire multidisciplinary team and
contribute to the knowledge to support clinical decisions, however due to data
quality issues based on feeding input, the graphical display is sometimes
unreliable. The well post-natal ward infants also have inconsistent feeding
documented in their EHR as a dual paper process is maintained. This causes
difficulties in reviewing feeding progress particularly if care is transitioned when
transferred from post-natal ward to the NICU due to numerous duplicated data
fields. This mixed methods research study aimed to review the current workflows
to change the systematic format of feeding data entry within the EHR for post-natal
ward and NICU babies, to enhance compliance with the data completeness and
correctness. A consistent data entry format was developed for all users to input all
infant feeds. All changes to the national MN-CMS system were carried out in

accordance with the strict change control pathways in place.

138



~ & NICU Nutritional Dashboard ¥ Normal view

™ Pint £

0 minutes ago

ARap/adfox -joeea

Intake Overview

0 Ordered Total Intake:
Total Fluid Intake: 160 mL/kg/day, 19/Aug/2.

= Actual Total Intake:

” %
. 7 7
- Z 7
§ 120 ” é Z Z Enteral Intake:
@ Z é % é Parenteral Intake:
? y Ik B B
E % Z A 7 A 7 7
7 Z 7 2 Z 7 7
E Z Z 7 7 Z A %
£ 7 7 A A Z 7
2 Z Z Z g Z 19 August 2023 Sat 3.2 Kg (12/08/23)
é % Z é % z Actual Enteral Intake 160 mi/kg/day
° - - Breast Milk Intake: 91 mi/kg/day
Maternal breast milk: 91mL/kg/day
Enteral Intake Formula Intake: 69 mi/kg/day
Preterm Formula: 69ml/kg/day
180 SRR RS —
Ordered Enteral Intake:
% Preterm Feed: Constant Indicator, Start 19/A
¥ ’é é Order Status: ORDERED
- % % 7z
2 Z 7 7 Enteral Intake Details
: ¢ I i om
E o é Z 7 . Actual Enteral Intake:
i » % 4 7 . ] Teat: 91 mi/kg/day (57%)
& » é ? g 2 7 Tube: 69 mL/kg/day
7 é é é Z Z Breast Milk Intake:
9/' g . 7 ] . Maternal breast milk: 91 mL/kg/day
° A Z Z Z Z A Formula Intake:
Preterm Formula: 69 mL/kg/day

Figure 6. 1: NICU Nutritional Dashboard

6.4 Purpose
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Sat, August 19, 2023  Weight Dosing: 3.2 Kg (12/08/23)
4 Sun 13 Mon 14 Tue 15 Wed 16 Thy 17 Fri 18 m
Intake Overview

160 mi/kg/day

160 mU/kg/day
160 mL/kg/day
0 mi/kg/day

160 mL/kg/day

160 mL/kg/day

91 mi/kg/day

69 m/kg/day

This study aimed to 1) improve the data quality in relation to newborn feeding for

well healthy newborns on post-natal wards and those admitted to the NICU and 2)

improve the utilization of the NICU Nutritional Dashboard.

6.5 Setting

Ethical approval was granted for the inclusion of all four hospitals in this study who

utilize the EHR and from the project’s information governance group. Separate

ethical approval was granted for Site A (ECM 4 (c) and SREC 2024-194), Site B (ECM

4 (c)), Site C (REC-2022-007) and Site D (EC17.2022). Three hospitals were tertiary

referral sites with Level IIl NICUs (Neonatal Intensive Care Units), and one site was

a local maternity unit. A mixed methods approach was utilized to address the
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research questions. Qualitative and quantitative assessment evaluations before
and after the development and implementation of the changes in EHR data were
used to evaluate the revised data entry format for all users to input all infant feeds.
Qualitative methods were used to gain an understanding and opinions from the
different disciplines engaging in newborn feeding within the EHR and quantitative
methods were used to objectively measure the data inputted and reviewed within
the EHR for newborn feeding.

6.5.1 Qualitative Methods

6.5.1.1 Pre-Implementation Qualitative Methods

For the pre implementation qualitative assessment, a purposive sample of
subject matter experts from all 4 hospital sites were included and therefore
established the multidisciplinary expert group, with representation from all
relevant disciplines who use the EHR daily and members of the national project
team. Forty-one participants were invited to take part. In total 38 participants
engaged in the group and signed a voluntary consent to participate in the study.
The consent and participant information leaflets provided to participants are
included as appendices- Site A & B (Appendix 18), Site C (Appendix 19) and Site D
(Appendix 20). The sample representation (n=38) is displayed by discipline in Table
6.1. There was a larger number of nurses and midwives than there were medical,
dietetic, lactation consultants for example but this mirrors the staff mix in the
clinical area. The expert group was coordinated by the author (OS) who is the NICU
workstream lead for the MN-CMS project and has an in-depth knowledge of the

EHR.
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Table 6. 1: Expert group representation

NICU Nurses 5
Midwives 13
Neonatology Consultants 2
Neonatal Non-Consultant Hospital Doctors (NCHD) and
Advanced Nurse Practitioners (ANP) 2
Dietitians 3
Lactation Consultants 6
National Project Team 7
Total 38

This expert group was used to identify the current issues and “sticky points”
around poor data entry for all infants both on post-natal wards and NICU. They
were instrumental in deciding the EHR changes to improve the data capture
through their valuable identification of issues and their understanding of what
needed to be captured. Due to COVID19 restrictions in healthcare facilities, the
group met via teleconference on five occasions lasting for one hour each. Sessions
were recorded and a transcript generated from the teleconference application.
These transcripts were verified by the lead author, who was the coordinator of the
group sessions. The first group session, which had a wide representation of all
disciplines across all four sites, was used to understand the current workflows and
issues and opinions were identified from various perspectives. The subsequent
sessions (sessions 2-5) had various members at different times who contributed to
the final design of the EHR feeding entry and review changes. Not all members
were present for all sessions but there was always good multidisciplinary
representation. The main topics explored with the group for the initial meeting
were data entry in the EHR, data review in the EHR and use of the nutritional

dashboard. Topic guide questions are outlined in Appendix 22. Reflexive thematic
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analysis was used to analyse the qualitative data based on the Braun and Clarke 6
step process of familiarization of the data, generating initial code (descriptive
codes), searching for themes, reviewing themes, defining and naming themes and

finally producing the report>.

6.5.1.2 Post Implementation Qualitative Methods

A post implementation qualitative focus group was conducted in Site A, 16
months after the implementation of the changes. Site A was chosen based on the
quantitative results to understand user engagement and opinions of the change.
A purposive sample type was used to include six expert users who were invited to
participate in a focus group sent by hospital email and five consented to
participatel. The sample was chosen based on a representation of key users of the
EHR in terms of newborn feeding. The focus group consisted of key users
representing their different disciplines- a NICU nurse, a neonatal dietitian, a
consultant neonatologist, and two post-natal ward midwives. A lactation
consultant was also invited to participate but was unable to join the focus group.
The participant information leaflet and the consent form are included in appendix
21. A topic guide was developed and is attached in Appendix 22. The focus group
was conducted over Microsoft Teams meeting, facilitated by the author (OS) and
other members of the research team and lasted 43minutes. The session was

recorded, and a transcript was generated from the meeting software. The

! The focus group was a purposive sample chosen from the original expert group by my
supervisor, Dr Brendan Murphy, to ensure a reduction in selection bias.
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transcript was validated against the video recording with minor amendments
made. NVivo 14 Software was used to assist data analysis based on the Braun and
Clarke process of reflexive thematic analysis®2. Double independent coding was
conducted, discussion of the initial codes and a review of the coded data was
completed. The final list of codes was developed by merging the databases. The
codes were then refined into themes after a discussion between researchers. A
final write-up of the findings, supported by a selection of quotes was completed

by the lead author (OS) and reviewed by the rest of the research team.

6.5.2 Quantitative Methods

The data quality and completeness were quantitatively assessed by reviewing
newborn EHR data for inpatient newborns in the four hospitals included in this
study. Data were collected for a 24-48-hour period looking at the feeding entry of
newborn inpatients, receiving nutritive milk feeds (>40mls/kg/day), on a selected
date to obtain pre and post measurements. The sample size was calculated to
detect a 20% improvement in data entry for both NICU babies (n=188) and the
post-natal ward babies (n=134). The sampling method was convenience sampling
of newborn inpatients in the NICU or Post-natal ward. There was a separate pre
and post sample cohort for both groups, the NICU group had 94 pre and 94 post
and the post-natal group had 67 pre and 67 post. The post data was collected
approximately two months after the changes were implemented. Key data entry
for accurate population of the nutritional dashboard were identified using the
dimensions of quality based on the Health Information and Quality Authority
(HIQA) framework > as the primary measure of completeness. The dimensions of
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data quality are accuracy and reliability, timeliness, coherence, accessibility, and
relevance 1*’. When each of these dimensions were met- the data quality was
considered complete and accurate to populate the nutritional dashboard. These
are displayed in Table 6.2 with an example of the EHR data entry to achieve the
dimensions of data quality.

Table 6. 2: Dimensions of data quality

Dimensions of Data Quality EHR Data Entry

Accuracy and reliability Appropriate feed data entered e.g., feed

type, feed method, feed volume etc.,

Timeliness Correct time column entry

Coherence Clearly entered using discrete data entry
Accessibility Completed in the correct feeding section
Relevance Entry completed per feed

Additional data points were also captured and compared in the pre and post
phase. Data were analyzed using SPSS 28 using descriptive statistics of cross
tabulation and Pearson’s chi-square test assessed the pre-post difference and
statistical significance. Significance was set at 5% (0.05) meaning that a p valve of
<0.05 was significant. The use of the nutritional dashboard was evaluated by
extracting data log files from the EHR database to evaluate the number of times a
user launched the nutritional dashboard page to open the graphical display. The
statistical software program, Stata, was used to assess the launches per day and
the cumulative launches over the 7-day period. Poisson regression tests were used

to assess the pre-post change.
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6.6 Results

6.6.1 Pre-Implementation Qualitative Findings

Using thematic analysis, three overarching themes were identified: (1) Complex
data entry (2) Difficulty in reviewing the data and (3) Unreliable nutritional
dashboard. The outputs from the expert group consultations varied by each of the
disciplines based on their different work practices and their need to either enter

or review the information.

Theme 1: Complex Data Entry

NICU nurses and post-natal ward midwives in particular spoke about how complex
the feeding documentation was and how it was time consuming. They commented
on how there were too many options for various feeds, and they often don’t
separate different feed types on data entry as this is too cumbersome. The NICU
nursing group felt the data entry was too complex (particularly with multiple feed
types) with too many options and difficulty in seeing the total volumes per
kilogram per day (mls/kg/day). NICU nurses also referenced multiple data entry
points duplicated when newborns were moved from post-natal ward care to NICU

care.

“When a baby is moved from the wards to the neo there is a feeding
method newborn and feeding method NICU to complete but I’'m only
feeding the baby once!”

NICU Nurse, Site A

Nurses felt the data entry was complex and frustrating to enter correctly in
separate time columns as designed. Nurses also commented that for some
documentation- they had no structured data entry space to add this information

such as “a reason formula was given”.
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Midwifery staff on the post-natal wards either did not enter structured data in the
EHR or maintained a dual system of paper feeding charts which were either
scanned into the EHR or transcribed in. They mentioned that it was too time

consuming to do and they would enter data often at the end of a shift.
“We get the mums to write down the feeds for the day and then we put
them in the chart (EHR) at the end of the shift.”

Post-natal ward Midwife, Site D

Theme 2: Difficulty in reviewing the data

Dietitians, lactation consultants and medical staff in particular found
reviewing information was difficult. Complex feeds with additives were difficult to
review and users often clicked through 24-48 hours of feeding data rather than

seeing an overall summary picture.

“The review of feeding is problematic to look at it at a glance and see 24-
48hrs — you need to click through iView just to get an idea of what’s
happened.”

Neonatologist, Site D

The dietitians also noted difficulty finding the first feed and that there was a lack
of information around the first breastmilk or buccal breastmilk administration.
Neonatologists, NCHDs (Non-Consultant Hospital Doctors) and ANPs cited
difficulty in reviewing the information and inability briefly to see the “key firsts”
e.g., first feed, first breastmilk. Lactation consultants voiced concerns around key
national reports and the difficulty in gathering information for these reports due
to the poor data completeness of newborn feeding and often newborn charts

didn’t even have scanned feeding charts.

“Sometimes you’d find a feeding chart scanned in (to the EHR) and
sometimes not.”
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Lactation Consultant, Site A

Theme 3: An Unreliable Nutritional Dashboard

Dietitians and medical staff cited rarely reviewing the nutritional dashboard
due to perceived inaccuracies of the display. They did acknowledge the nutritional
dashboard had potential for reviewing the intake and tracking feeding progress,

however, due to inaccuracies it was unreliable, and they lacked trust in it.

“The dashboard really has great potential to review the intake and track
the progress but again there’s too many options for all the different feeds
and combined feeds are problematic and this makes the dashboard too
inaccurate to reply on....”

Dietitian, Site C
Dietitians noted that the complex and combined feeds were difficult to order and
to review, the complex feed entry was often inaccurate leading to inaccuracies in
the nutritional dashboard which could have immense potential if accurate. The
medical group found that the nutritional dashboard was “just not right or correct”
for use on ward rounds or presenting patients as the data entry was probably not

correct in the first place.

6.6.2 Implementation of Feedback

Following the group review and redesign of the current feeding entry, work
began as outlined below and followed a similar format as described by Sutton and

colleagures>®. The EHR provided two views — one for midwives for the post-natal
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ward baby and one for the NICU staff and the sick neonatal baby with often

duplicated data entry points.

1. A side-by-side analysis was made of both views and a comparison was
made to determine which data elements were consistent and which were
duplicated.

2. Common and essential data points were identified, aligned, and eliminated
if deemed not essential to capture.

3. Responses to the duplicates were aligned to provide consistency.

4. More conditional logic was built into responses i.e., based on the selection
of responses, additional relevant responses would open. These would
remain hidden if not selected.

5. New data capture was agreed for inclusion e.g., reason for formula feeding,
type of breastmilk and administering buccal breastmilk and an ability to
record the mls/kg/day per feed.

6. Commonality of the design was decided and agreed by the stakeholders.

7. Anew flowsheet was built for the purpose of reviewing all the feeding data
in one place.

8. The agreed design was built in the pre-production (test) environment and

demonstrated to the group.

Following a detailed demonstration to the group, some minor design adjustments
were made, and the group identified some key encouragement points in
promoting this to the end users. An implementation plan was developed with the

group for each of their sites. The strategies identified for implementation were
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training, identifying champions and communication via newsletters and memos.
Two short information training videos were developed for the data entry for
midwives (5.5minutes) and for the NICU nurses (6.5minutes) and distributed to
nominees on each site to disseminate along with a quick reference guide. Each
group member was identified as champions for this change and provided support
and encouragement to end users. The final design was built into the live
environment at an agreed time once training was complete and memos were

distributed to the users.

Once the design was complete and agreed, the expert group were asked
what could encourage adoption of the new changes. The group mentioned that
users had been asking for changes and these should represent their request for
change and make it easier to enter feeds and capture all the required information.
A member of the national project team highlighted that every patient has a right

to accurate data being recorded in their EHR.

“Every patient has a right to data accuracy....and they should have correct
information around care being recorded.”

Member of the National Project Team of MN-CMS

A doctor noted that we need to stress the why we are doing this:

“....the key is almost to start with the why, why are we making this
change at all? It's to try and make it better and, and bring our care more centered
around one of the key things that as all health care providers ....[that] we do for
babies, which is to nourish them and to do it in a way that doesn't matter where
the baby is....the mother and baby and wherever they are in their feeding journey
and in their care journey in the hospital”

Neonatologist, Site A
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6.6.3 Quantitative Results

6.6.3.1 Post-natal ward newborns

For the postnatal ward newborns, the overall completed structured data
entry across the 4 sites increased from 17.9% to 34.3% showing a statistically
significant increase of 91.6% (p=0.031). The cumulative results for the post-natal
ward data entry are displayed in table 6.3. There was also a notable increase in key
structured data points of feed type and oral volume with increases of 80.4% and
123.8% respectively. Although the aim of this study was to improve the structured
data entry, some post-natal ward staff documented newborn feeding in an
unstructured way by free text notes or handwritten feeding charts scanned into
the EHR. As these captured newborn feeding, they were accounted for in the data
collection as other documented feeding records for newborns. Overall, across four
sites, the other feeding documentation increased by 63.4% to 68.7% of the sample
having some feeding documented in their EHR. The new data changes included the
reason for formula feeding and this was completed in 85% of applicable cases for

post-natal ward newborns having previously not been captured.
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Table 6. 3: Post- Natal Ward cumulative data completeness

Pre (%) Post(%) Change (%) P Valve

Feed Type 19.4 35 +80.4 0.047
Oral Volume 16.4 36.7 +123.8 0.014
Feeding Method 29.9 43.3 +44.8 0.106
Formula Type 16.4 53.8 +228 <0.001
Feed Tolerance 47.8 80.6 +68.6 <0.001
Structured Data Complete 17.9 34.3 +91.6 0.031
Other Documentation 41.8 68.7 +63.4 0.002

The structured data completeness for each site is displayed in table 6.4. Only one
individual site (D) showed a significant improvement which was not, however,
demonstrated across all four sites. Site A displayed little improvement in structured

data entry in the post phase.

Table 6. 4: Individual site data quality compliance

Site Pre (%) Post (%) Change (%) P Value
A 0 5 N/A 0.311
B 40 60 +50 0.371
C 10.5 15.8 +50.5 0.631
D 31.6 68.4 +116.5 0.023
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6.6.3.2 NICU Newborns

The NICU chart review across the 4 hospital sites showed a data
completeness to populate the nutritional dashboard significantly increase of 25%
from 72.3% t0 90.4% (p=0.001). The NICU data points collected following the chart
review are displayed in table 6.5 and display the cumulative results of data

completion across all four hospital sites.

Table 6. 5: NICU- Cumulative data completeness results.

Pre (%) Post (%) Change (%) P Valve

Feed Type 75.5 90.4 +19.7 0.007
Oral Volume 93.8 100 +6.6 0.048
Tube Volume 91 100 +9.9 0.016
Feeding Method 64.9 86.2 +32.8 <0.001
Formula Type 74.5 94.1 +26.3 0.006
Additives 83.3 89.7 +7.6 0.415
Feed Tolerance 48.9 73.4 +50 <0.001
Feed Order 42.6 26.6 -37.5 0.021
Fluid Order 63.8 52.1 -18.3 0.104
ND* Complete 72.3 90.4 +25 0.001

Note: *ND refers to the Nutritional Dashboard and all data inputted into the EHR
accurately populated the dashboard

The individual sites are displayed in table 6.6. Three sites (A, C and D) showed an

increase in completeness and one site (B) remained static.
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Table 6. 6: Individual site data quality compliance (NICU)

Site Pre (%) Post (%) Change (%) P Value
A 70 93.3 +33.2 <0.02

B 75 75 0 1.00

C 76.7 90 +17.3 0.166
D 70 90 +28.6 0.053

The Feed Type data entry point is especially important to capture as it allows the
categorization of feed types such as breastmilk, term formula, preterm formula
etc. in the reviewing process of nutritional intake. Overall, across the four NICUs
this data point improved, increasing by 19.7% with statistical significance
(p=0.007). The individual sites are displayed in table 6.7. Site A showed an increase
in this feed type data point from 70% to 93.3% in the post phase, an increase of
33% completeness (p=<0.02). This data point was noted as being problematic in
cases of complex feeds or with more than one feed type being administered such

as combinations of breastmilk and formula.

Table 6. 7: Individual sites to populate the Feed Type

Site Pre (%) Post (%) Change (%) P Value
A 70 93.3 +33.3 <0.02
B 75 75 0 1.00

C 83.3 90 +8 0.448
D 733 90 +22.8 0.095

The feeding method (e.g., via bottle teat or tube) data entry was often duplicated
in the pre phase however accuracy and completeness increased by 32.8% over four
sites (p=<0.001) with the new design. New data entry captured in the post phase

such as, the reason for formula feeding, was recorded accurately across all four
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sites in 66% of relevant cases having not been recorded previously in a structured
event set. The type of breastmilk (fresh or refrigerated or previously frozen) can

now be captured for newborn feeding and was done so in 56% of relevant cases.

6.6.3.3 Nutritional Dashboard

There was a 5.7% reduction in launches of the nutritional dashboard overall across
the four hospitals in the post period which was not statistically significant (p=
0.115) and may account for some usual variation. Reviewing each hospital
separately, hospital A had a significant reduction in launching the page with a
23.7% reduction (p=<0.001). Hospital B, albeit with small numbers had a 45%
increase in usage (p=0.339), hospital C had a 5.5% increase (p=0.272), and hospital

D had a 12.6% reduction (p= 0.178). This is displayed in Figure 6.2 below.
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Figure 6. 2: NICU Nutritional Dashboard page launches by hospital

Note: Site B is a smaller unit and has the lowest number of births per year however

Sites A, B and C are comparable tertiary sites

The launching of the page by position showed an increase by NICU Nurses of 8.2%
(p=0.119) and dietitians by 15.2% (p= 0.247) and significant reduction by medical

staff by 24% (p=<0.001). Other positions are represented in table 6.8 and

graphically displayed in figure 6.3.
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Table 6. 8: The use of the nutritional dashboard by user positions

Position Pre Post % Change 95% CI P Value
NICU Nurse 758 820 +8.2 0.98 1.19 0.119

Medical 520 392 -24 0.66 0.86 <0.001
Dietitian 125 144 +15.2 0.91 1.46 0.247

Lactation 18 12 -333 0.32 1.38 0.277

Consultant

Pharmacist 61 44 -27.9 0.49 1.06 0.099

1,000

Number of pages launches

NICU Nurse

Nutritional Dashboard page launches by role

Group
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Figure 6. 3: NICU Nutritional Dashboard page launches by user roles
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6.6.4 Post Implementation Qualitative Findings

As mentioned earlier, Site A was chosen to conduct a post phase analysis
focus group due to the inconsistency of the quantitative results found within the
hospital. Post natal data completeness within the EHR at Site A (as represented in
Table 6.4) increased from 0 to 5% (p= 0.311) whereas, NICU data completeness in
Site A, significantly increased from 70% to 93.3% (p = < 0.02) as represented in
Table 6.6. Post Natal data in Site A was also not consistent with the sites B, C and
D. A focus group in site A was therefore facilitated to gain an insight into the users’

perceptions and opinions.
Four Themes were identified through the reflexive thematic analysis.

Theme 1: Benefits to EHR Recording

Primarily the NICU staff (NICU nurse, neonatologist and neonatal dietitian)
highlighted that the new changes in the EHR were positive changes. They reported
the changes were easy to use, more user-friendly with less duplication and in fact
did not add to their workload. The NICU staff found some newly added
functionality allows them to capture new information which they were not able to

enter before:

“The input data now you know the little drop-down boxes and we're able
to put it in that the baby's getting buccal EBM [Expressed Breast Milk] and
things like that. So, you know things that we weren't able to before.”

NICU Nurse, Site A

The NICU nurse also reported it was easier to enter complex feeds and the EHR

views being aligned reduced duplication of fields between post-natal and NICU
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babies. The neonatologist and neonatal dietitian reported that reviewing data

from the EHR had improved particularly for NICU babies:

“And so, a lot of the, the NICU settings, it's, it's much easier, takes a lot of
the stuff that you don't need to see out of the way.
So I yeah, I, | think it's definitely easy to find what they're on.”

Neonatologist, Site A

The NICU nurse reported that although more detailed information is being
inputted, handover was easier now in the post phase as the as the information

was readily available:

“..but that's actually handier for us when we're looking back, like giving
report, we can say, oh, he took two bottle feeds, you know, didn't
complete them and they took a long time.”

NICU Nurse, Site A

Theme 2: Resistance to Digital Change

The second theme identified from the data analysis was the resistance to
the digital change. The post-natal ward staff reported that they maintain a dual
process of paper records (as they did before) with some digital EHR input
retrospectively or when they had time to enter data. They reported they never
documented all the baby feeds in the EHR before and so this was a change of
practice for staff, and they were not informed about nor had adequate training on

the new changes.

“We never documented all of the baby's feeds, and so we always just
mmmm use the bedside feeding chart and that would be scanned in
then....”

Post-natal ward midwife, Site A
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The post-natal staff reported the new changes were more labour intensive and
they didn’t have the appropriate time to enter the data and suggested needing

additional staff for data entry.

...... An extra workload, so that's the problem and it's probably one that
gets pushed to the end of the day.”

Post-natal ward midwife, Site A

There was a perceived lack of prioritising of data being entered into the EHR in the
post-natal wards as it was perceived that the detailed feeding was not necessary

and not needed for babies on the post-natal ward.

“It's hard to see..... Well, you know ...... why the extra effort for something
that actually you know, we're not really utilizing that information.”

Post-natal ward midwife, Site A

Paper charts were deemed essential for the post-natal ward as they were
consistently completed by parents and staff and were the most reliable source of

information for reviewing feeding.

“I suppose most the time you'd be in the room anyway, and it would be like
generally the most accurate assessment of the Feeding is still the, the paper
chart that's in the room with the with the parents.”

Neonatologist, Site A

Theme 3: Accurate Data, Reliable Results

With accurate data inputted, the neonatologist and dietitian in particular,
found the EHR more reliable to use and would get a clearer clinical picture of the
newborn’s feeds and feeding progress for which to use for clinical decisions. With

accurate data inputted, it was recognised that using the nutritional dashboard was
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reliable and useful to trend intake over a number of days. NICU staff in particular

reported positively on use of the dashboard in this scenario

“I,  must say I, | mean, I've always liked it....| mean, it's again....Yeah,
it's....It's as reliable as the data that goes in if the data goes in it, it gives a
very nice, very quick look that you don't have to go into iView or, or now
into results and figure out what proportion they're getting....”

Neonatologist, Site A

“But it is very useful | think when they’re, once they're established on
feeds and you know just you can see that”

Neonatal Dietitian, Site A

It was also acknowledged by the NICU staff that if inaccurate data was inputted

into the EHR, then the results were not reliable to use

“And, but | suppose it's only as reliable as the person that's entering the
data. So, you know, sometimes there might be a mix up that someone
might put the feed volume .... or you know the mls per kilo per day in the
feed volume and then it completely skews the results from that, you know,
so I'd still would go to iView or results for the most accurate intake.”

Neonatal Dietitian, Site A

The EHR data was also deemed unreliable when the data wasn’t entered
contemporaneously or available in real-time for reviewing a patient. Post-natal
ward staff may enter data retrospectively at the end of a shift and so this would

not be available during daytime reviews

“I mean if | look back in at historic charts, it may well be complete, but it's
not contemporaneous so if you look at a chart, say you're going in now
and you want to see what the last two or three feeds are, then it's likely or
there's a real possibility they won't be documented........... If you came back
to that same baby in the evening, it very well might be.....”

Neonatologist, Site A
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Theme 4: Complex Case Prioritisation

A solution proposed by the group to the challenges exposed was to
prioritise complex cases when entering the data to reduce the midwife’s workload
and optimise the use of the EHR. This was because the detailed feeding data entry
was only deemed necessary in specific clinical scenarios, namely those sick babies
in the NICU and not necessarily needed for the well post-natal ward babies. There
was an opinion that as the detailed data regarding feeds was not needed or
reviewed on the post-natal ward, then the structured EHR data entry was not
needed in these cases and so was not entered. The detailed data entry and review
of feeding was however certainly necessary for the more complex or sicker babies

in the NICU.

“And so, a lot of the, the NICU settings, it's, it's much easier, takes a lot of
the stuff that you don't need to see out of the way. So, | yeah, |, | think it's
definitely easy to find what they're on. | don't think we use it much for the
[post-natal] floors.”

Neonatologist, Site A

The detailed and automatic calculations of feeding intake was looked at as being
important for the NICU and the users would be more invested in data entry that
contributes to these calculations however not so much in the post-natal wards as
these data would not be used. The suggestions that a simpler assessment of feeds
would be more appropriate for the post-natal ward was suggested as being more

feasible or acceptable to this clinical area

“But, and we don't need it on every baby is the reality of it.
And | think they're in again, it's part of the problem is that if you have staff
that are pushed doing other things, it is down the list of priorities because
you do things that you  feel are worth doing.
And | do wonder if at times we know this is worth doing in the Neo [NICU]J.
Its maybe hard to convince a very busy Midwife, up in the floor, so maybe
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.....suggesting on those babies you're worried about having it more
contemporaneous and accurate and contributing to your overall
assessment of the baby.....And we know the chart can flag things that
you..... it can give you early warning signs and if if we use it that way and
yeah, it may be a better way of using it on the floors [post-natal ward].”
Neonatologist, Site A

6.7 Discussion

This study aimed to improve newborn feeding documentation within an EHR and
began by exploring the redesign of newborn data entry using a multidisciplinary
approach. This study identified that users found the newborn feeding data entry
complex and time consuming to complete, with some duplication and having too
many options to complete. Likewise, reviewing the information was problematic
due to the complex data entry and gathering national reports was difficult as the
information often could not be found or was not entered in a structured format.
The key contributions of the multidisciplinary team were used to redesign the
newborn feeding data entry within the EHR; to reduce the complexity, and
duplication for users and ultimately improve the data quality of newborn feeding.
The improvement of data quality was observed across the NICU and most post-
natal wards through the quantitative chart review. A post change implementation
focus group was facilitated in one site as a post-natal ward improvement was not
detected. The findings of this post implementation focus group show that although
users identified benefits to accurate EHR recording particularly for the NICU, there
was some resistance to digital change identified for the post-natal ward. This was
due to a perceived lack of prioritization of the data entry and expressed lack of
time to complete the task. It was suggested that more complex case prioritizing for

NICU babies was needed, as these are clinically more complex and more accurate

162



data recording is necessary for their management. The second aim was to improve
the use of the nutritional dashboard by all users and although the use did not show
a general improvement, NICU nurses’ use of the dashboard did show an
improvement. This functionality may need more education and champions to
promote its use. The continuing improvement of data completeness of the feeding
data entry will ensure more accuracy of the dashboard and may improve users
overall trust of the dashboard for clinical use. Changes to documentation within an
EHR have implications for accuracy, efficiency, user satisfaction, and workflow?°
which were positively demonstrated in this study. The key data points of feed type
and feed method improved in accuracy due to alignment and reduced duplication
of the data entry. Accurate data entry through thoughtful and detailed
documentation can provide information that promotes continuity of care for
newborn feeding !°2. Some studies identify poor data quality in feeding
documentation as a limitation of their study %12, This study has used both
gualitative and quantitative methods to engage end users in EHR design and has
streamlined feeding data entry, reduced duplication, and improved data
completeness which will be beneficial for clinical review, quality improvement,
audit and research. Post implementation qualitative analysis has found that NICU
users positively perceived the new changes for the appropriate patients and
utilized the accurate data for clinical review. Post-natal ward users reported some
resistance to the digital change and a lack of perceived benefit for detailed data
entry on well babies against busy workloads. This is an area where staff need more
engagement and training on the benefits of EHRs and in particular, their outputs

through structured data entry. The potential of using structured data from EHRs is
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the core of improvements in healthcare # and nurses are seen as an integral part
of the team in improving data quality and data obtained by nurses in EHRs have
become the most crucial source in planning care 136, With the correct and proper
analysis improvements can be realized in quality, safety, and cost-effectiveness of

care across the entire health service 14.

6.8 Limitations

Limitations of this study included a convenient sample of newborn charts from the
four hospitals using the national newborn EHR. The post implementation
gualitative focus group was a smaller group than the pre implementation group.
This consisted of one site being evaluated based on the quantitative results
showing a poor adoption of the structured entry. This small focus group was used
to explore user engagement and opinions of the change. This project was
interrupted by a criminal cyber-attack on the Irish health service data
infrastructure and delayed the overall implementation of the changes from the

initial multidisciplinary group meeting.

6.9 Strengths

The strengths of this research include the mixed methods approach that facilitated
exploring perceptions of users but also objective change. The purposive sampling
ensured representation of all relevant stakeholders, and the different participants
in each group ensured multiple experiences. The post implementation qualitative

research focusing on a single unit (which showed the lack of improvement),
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allowed further exploration into their specific challenges. And finally, the first
author (OS) with a strong expertise in NICU and the EHR facilitated engagement

with the group.

6.10 Implications for Practice

This study has contributed positively to improving data completeness around
newborn feeding. The benefit of a multidisciplinary approach to EHR design is
paramount to promoting superior quality data entry compliant with individual
workflows. Further education, training, and awareness of the benefits of

structured data entry and the nutritional dashboard is needed.

6.10 Implications for Research

Qualitative research makes an important contribution for EHR design and
optimisation. The establishment of an expert multidisciplinary group is essential in
the design of the EHR as each member has a unique viewpoint based on their
individual workflows and uses of the EHR, be it data entry or data review. The use
of a focus group has provided an in-depth insight and rich qualitative data to

understand opinions and beliefs of an EHR.

6.11 Implications for Policy

Although the Irish Medical Council (IMC) gives some guidance to medical staff on
recording accurate, timely, and up-to-date medical records in either paper or
electronic form, the Nursing and Midwifery Board of Ireland (NMBI) give guidance
only pertaining to paper records. The NMBI, who provide professional guidance to
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nurses and midwives, advise regular documentation of narrative notes to
document patient care and progress 163, These guidelines are relevant to paper
records but do not support nurses recording clinical structured data in EHRs. A key
recommendation from this study is that the nursing and midwifery professions
need professional guidance for recording clinical care in a structured electronic

format as health services embark on digital transformation.

6.12 Conclusion

Data completeness significantly improved across all four hospitals for newborn
feeding in a national newborn EHR. Accurate recording of feeding can
communicate the newborn’s progress across the multidisciplinary team. This study
has positively demonstrated that a collaborative multidisciplinary approach
through an expert group and a focus group, can improve EHR design and gain
beneficial insights to users’ beliefs and opinions around data and EHRs. This
collaborative approach between EHR users and system designers can improve EHR
design and data quality through more accurate and complete data in the patient’s

EHR.
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Discussion & Conclusion
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Chapter 7 — Discussion & Conclusion
7.1 Discussion

There has been vast array of emerging technologies over the years which
can impact the way the way we live our lives and the way we work*®*, Technology
has evolved since Alan Turing’s first computer in the 1940’s and 50’s to highly
sophisticated automation and artificial intelligence. Artificial Intelligence (Al) in
2023, was named as the word of the year by Collins Dictionary who define Al as
“the modelling of human mental functions by computer programmes”1®. The
development of Al begins with data. With large amounts of data, it is possible to
improve decision-making functions'®* and contribute to Al functionality. These
significant technology changes, of digitalisation from paper-based systems, seen in
everyday life, are equally seen across many industries such as transport, banking
and indeed in healthcare. The digitalisation of healthcare from paper-based
patient charts to fully integrated electronic health records (EHRs) is a necessary
step in modernising healthcare3. EHRs have evolved since they were first
introduced in the 1960’s on mainstream computer consoles within an individual
institution, to fully integrated EHRs available on shared platforms for multiple
users9?, Electronic health records began as problem based, billing and scheduling
systems but have since evolved to providing the availability of patients’ medical
information, easy to read, in almost any location in the world®2, EHRs have the
ability to capture individualised healthcare data at source. Safe and effective
healthcare delivery is dependent on accurate and up to date clinical information

being available to the entire multidisciplinary team?®. It is through the use of an
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EHR that health data can be available in the correct place and at the correct time
to enable clinical decision making in a timely manner!l?, Information and
Communication Technology (ICT) facilitate EHRs, which make healthcare data
available and facilitate communication across the entire healthcare team, the
healthcare organisation locally, regionally and at national levels. The availability of
such healthcare data being readily available can inform a patient’s clinical care
across time and can also inform audit, quality improvement, business intelligence
and research. EHRs facilitate the transformation of data into information and to

knowledge to provide and improve patient care.

The importance of eHealth solutions in healthcare delivery has been
recognised as benefiting patients, healthcare professionals, and healthcare
organisations!!. EHRs have been implemented across many health systems around
the world however the benefits have been slow to be realised! until recent events
such as the COVID19 Pandemic®. During the pandemic there was a greater need
to share health data in the interests of public health®®. The COVID19 Pandemic has
highlighted the need for accurate and timely access to health data locally,
nationally, and internationally. The pandemic has highlighted the importance of
electronic health data for the development of policies in response to health
emergencies'®’. The implementation of EHRs is often isolated within individual
hospitals, trusts, and health systems rather than taking a national perspective on
implementation. Some countries have implemented a shared data platform,
whereby individual systems contribute standardised patient data to a single
domain. Singapore and Serbia have been successful with this approach?!®68
however the United Kingdom have encountered issues with this approach?°,
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with calls for a renewed attempt to achieve a national EHR®. Serbia have
identified that government legislative directives, workflow processes and training
have been facilitators to the success of this implementation, for their population
of over 6 million'®, The Republic of Ireland’s eHealth programme is a key enabler
of the overall Slaintecare health programme for Ireland, providing key availability
of healthcare data for citizens that will keep people well in their community or at
home, and support better acute care!?. This is to be enabled through many
programmes such as, the national COVID19 vaccination system, electronic
discharge summary, shared care records, community patient management system
and ePrescribing'?2. The MN-CMS EHR has aligned with these strategic goals
encompassing a fully integrated EHR with patient data availability, ePrescribing,
electronic discharge summaries and communication with GPs for women and

newborns.

The European Commission’s report entitled the European Health Data
Space (EHDS) calls for ensuring the timely access to personal electronic health data
for treatments, research, innovation and patient safety!®”. This in turn can be used
for statistical purposes and policy making or personalised medicinel®’.
Furthermore, the EHDS aims to support the EU’s digital transformation by 2030
aiming to provide 100% of EU citizens with access to their medical records?®’.
Nationally, the Department of Health’s Health Strategy Report 2021-2023 commits
to the Slaintecare Implementation plan which is a cross political party plan of
health care, with envisioned improved health and wellbeing for all and care
available in the right place at the right time'’°. The Department of Health have
identified data, technology and digitalisation as a key enablers of this strategy’°.
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The Slaintecare Implementation Plan has proposed €33 million revenue and €93
million capital funding to contribute to eHealth improvements in Irish healthcare!?.
This funding will leverage technologies to modernise healthcare delivery and

support timely and informed decision making®2.

The implementation of the MN-CMS EHR in Ireland has the potential to design the
most cost-effective model of care and establish a national epidemiological
database for mothers and their newborns3®. Both the National Perinatal
Epidemiology Centre (NPEC) and the MN-CMS strive to improve Irish maternity
and newborn care through direct data acquisition and analysis and align with the

national eHealth strategy.

This thesis has described the implementation of an EHR and the importance of
accurate data acquisition through correctly mapped workflows. Data capture at
source is greatly enhanced by proper workflow analysis, clinician engagement and

an embedding of the processes into everyday practice.

The introduction of EHRs in healthcare, facilitate healthcare data being
available in the correct place at the correct time to enable timely clinical decision
making!!0. Safe and effective healthcare is dependent on the availability of
accurate and up-to-date data in a legible, reliable and timely manner>. Although,
EHRs are essential in healthcare, their implementation and adoption to everyday
practice is often complex in the hospital setting”8. Workflows have been identified
as a key organisational factor for a successful EHR implementation?. Suboptimal or

fragmented workflows can alter task distribution, promote workarounds and
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increase inefficiencies in EHR use?®1%6.107 The success of an EHR implementation

is associated with the EHR system?3 and the end-user workflow?!%23:10>,

7.2 Conclusion

This thesis has explored the implementation of a national maternal and
newborn EHR in Ireland. The research began looking at scientific frameworks for
an implementation project in healthcare and the many theories, models, and
frameworks from the research area of implementation science were explored.
Implementation science provided some excellent practical frameworks and
strategies for real-world implementation of evidence-based care, including its use
in the complexity of an EHR implementation. The research focused next on the
specific implementation of the MN-CMS from the phase one pilot sites. This
research highlighted the various phases of the project, and the key lessons learned
from each phase, interpreted from the phase one closure report from the
implementation team and this PhD candidate. One key area developed from the
implementation science research and the EHR implementation study was the key
role workflow design played in the implementation process. The research for this
thesis developed to look at workflows and workflow mapping and explored some
key examples of workflow adaption and the successful introduction of new
workflows using an implementation science framework- the AACTT Framework.
The research further developed quantifiably measuring workflow compliance of
an upgraded patient summary page, the final study of this thesis examined
enhancing data to achieve improved care in the specific area of newborn feeding.

This involved end users in the specific design of these specific EHR elements.
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Although there are a myriad of factors influencing the success of an EHR
implementation, this thesis has focused on the key element of workflows in the
implementation and optimisation process. The thesis is broadly outlined in figure
7.1 and the summary of the implications for clinical practice, research and health

policy the research contained in this thesis are summarised in chapter 8.

Implementation Science
& EHR Implementation
EHRs

Workflows

Workflow Measurement

of Upgraded Patient Measuring data quality

Summaré'HPI:ge inan following EHR changes

Figure 7. 1: Broad outline of Thesis

Chapter 2 summarised implementation science by outlining the taxonomy of
Theories, Models and Frameworks (TMFs), implementation strategies, tailoring
strategies and implementation outcomes which can be used to implement new

policy and practices in the healthcare setting. The use of implementation science
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in maternity and neonatal care specifically, was discussed using published work
highlighting the explicit use and value of TMFs in these settings. The use of the
Normalisation Process Theory (NPT) specifically was appraised. The NPT is a theory
of action that provides domains of work to guide complex interventions at the
macro level of complex organisational EHR implementations and also at the micro
level of workflow development to build the actions within EHR use in everyday
practice. The NPT provides a useful framework to guide new complex practices
becoming part of everyday practice. The second framework used in this thesis was
the Action, Actor, Context, Target, and Time (AACTT) framework to implement a
new workflow development related to the implementation of printing medication
infusion labels in neonatal intensive care . This thesis has found implementation
science is very valuable, as it will practically identify the process for
implementation and identifies the key actors, the actions needed at the correct

time to achieve the target.

Chapter 3 of this thesis has outlined the implementation of a national EHR
for mothers and babies in Ireland. The experiences and lessons learned from the
national project team were explored and summarised. Key recommendations are
that clinical leadership and strong governance are essential as well as having an
adequately resourced team. On-going training and optimisation are necessary, and
data quality surveillance can lead to more accurate reporting from the system. The

potential of accurate cumulative data from EHRs can have a positive influence on
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population health through appropriate analysis. Keeping the patient at the centre

of the project was always paramount. The key summary recommendations are:

e Clinical leadership is essential throughout the project.

e Involving the right people at the right stages of the project e.g., Clinical
staff needed for workflow development and ICT staff needed for hardware
set-up.

e Adequately resourced team for various stages e.g., clinical, medications,
testing, training, support.

e Strong governance structure and strict change control process

e On-going support, training and optimisation required.

e Data Quality surveillance and development of a data strategy and
framework

e Always keep the patient at the centre of the project

Chapter 4 has demonstrated the importance of accurate workflow mapping to
achieve the desired goal and outcome of the workflow. An outline of the
importance of patient focused workflows has been highlighted and the need to
avoid workarounds or fragmentation. The AACTT framework was beneficial to
underpin the workflow development in a theoretical framework and grade the
workflow adherence to the framework. Workflow process mapping was outlined,
and some examples of workflow adaption have been detailed based on their
adherence to the AACTT framework. A new workflow was implemented for the
NICE jaundice graph. Appropriately designed workflows can underpin the EHR
system and encourage appropriate and accurate data entry, which can be used to

assess patient care and inform audit.
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The pre-post quantitative evaluation of an upgraded patient summary page
within an EHR has demonstrated some very positive changes and adoption to
utilising the EHR optimally in chapter 5 of this thesis. Post workflow change
analysis demonstrated more structured data entry for the NICU nursing group and
some increase in problem and diagnosis entry by the NCHD group albeit not
consistently demonstrated throughout this group. Significant time savings were
demonstrated in the nursing group which can have positive impacts on patients
care delivery. This study has demonstrated the useful benefits of EHR workflow
measurement by quantifiably measuring tasks associated with the workflow. The
research was unique studying both nurses and doctor’s workflows as most studies
look at a single group of healthcare worker. The workflows of both doctors and

nurses are linked together and can impact each other.

Finally, chapter 6 of this thesis involved clinician end users in the specific
design of the newborn feeding within the EHR and quantifiably measured the data
completeness of newborn chart. Users of the EHR contributed valuably to
designing the data entry and provided valuable opinions and understanding to the
research. Improvements in data completeness were observed across the NICU and
most post-natal wards through the quantitative chart review. A further post
implementation focus group conducted contributed greatly to the understanding
users have around the prioritization of data for NICU and pot-natal ward babies,
while identifying benefits to EHRs and also the resistance to the digital change.
Accurate recording of feeding can communicate the newborn’s progress across the

multidisciplinary team. This study has positively demonstrated that a collaborative
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multidisciplinary approach can improve EHR design and data quality through more

accurate and complete data in the patient’s EHR.

7.3 Strengths and Limitations

This strengths of this thesis have shown the benefits of using TMFs from
implementation science in workflow development and EHR implementation. This
is the first research to use implementation science to evaluate and develop EHR
workflows. The use of quantitative research was useful in measuring workflow
compliance and the use of qualitative research (used in Chapter 6) was useful to
engage end users and explore their perceptions in EHR design to improve data
quality. This thesis has uniquely examined and measured both medical and nursing
workflows as they are inextricably linked together in patient care delivery. The
different participants involved in the research (Chapters 3 & 6) has included
multiple clinicians from different disciplines and has contributed greatly to this
research in terms of improving EHR implementation and engaging end users in the
process. The outcomes and finding of this research can be used to positively
contribute to the future of digital transformation of healthcare in Ireland including
the continued implementation of the Maternal and Newborn- Clinical

Management System.

Limitations identified for this thesis include the research being focused on one EHR
in one Health System which may limit the generalisability of findings. Limitations
were also identified in terms of COVID19 restrictions and the necessity to adapt

training and implementation plans for EHR changes from face-to-face, to online
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and video training. The Irish health service was also subject to a criminal cyber-
attack in May 2021, and this also delayed some of the research related changes

being implemented in the EHR however it did not stop any of the projects.

7.4 Overall Summary Conclusion

This research has examined the benefits of implementation science
research, in particular the Normalisation Process Theory and the AACTT
framework, in EHR implementation and the key role of workflow evaluation and
development. The implementation of the national Maternal & Newborn - Clinical
Management System EHR was reviewed comprehensively, with valuable lessons
learned produced. While recognising that an EHR implementation is a complex
process with a myriad of influencing factors, this thesis focused on the importance
of workflow design and development. Using primarily quantitative methods with
some qualitative methods in chapter 6, this thesis has supported the key
recommendations that clinical involvement in EHR design and adequate workflow

mapping are essential to a successful EHR implementation.
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Chapter 8: Implications for Clinical Practice, Health Policy and
Research

8.1 Implications for Clinical Practice

This thesis has made many valuable contributions to clinical practice. The
value of implementation science in healthcare practice for evidence-based
changes has been highlighted with a clinical example provided using the AACTT
framework of workflow development for implementing a new workflow to print
syringe medication infusion labels. The use of the NPT has been appraised for large
scale EHR implementations and the importance of identifying appropriate ERIC

strategies for clinical implementation has been outlined (Chapter 2).

The introduction of EHRs is a complex process and includes many
influencing factors, this thesis has contributed very valuable lessons learned from
the MN-CMS EHR implementation which have been outlined clearly in terms of
each project phase. These lessons can be utilised for subsequent phases of the
project and are now available published in the literature for national and

international review (Chapter 3).

This thesis focused on workflows as a key enabler of EHR implementation.
The development of the MN-CMS clinical workflows was described, and the
importance of clinical involvement was highlighted for appropriately mapped
clinical workflows. Appropriate workflow mapping with role based swimlanes can
map the process of each healthcare team member for the entire patient journey

(Chapter 4).

The background audit logs used in Chapter 5 as the data collection method,
could provide some valuable learning for helping clinicians optimise use of the
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system in clinical practice. The EHR system audit logs can be used to identify issues

and offer users further training and optimisation in their workflows (Chapter 5).

The final study presented in this thesis has contributed positively to
improving data completeness around newborn feeding. The benefits of involving
multiple clinicians from different disciplines in EHR design is essential in promoting
improved quality data entry, compliant with individual workflows. Continued
education, training, and awareness of the benefits of the structured data entry and

the use of the nutritional dashboard are needed (Chapter 6).

8.2 Implications for Healthcare Policy

The use of implementation science is valuable and can be used and
embedded within a new policy or guideline for implementation of evidence-based
changes in healthcare. An implementation science framework can provide a
structured pathway to achieve a successful implementation and can be modified
or adapted based on the institute, the organisation or the evidenced based change
being introduced. The literature suggests further work is needed in theory
development to better incorporate policy considerations for implementation

efforts to include researchers, policy makers and implementers® (Chapter 2).

A number of policy recommendations have been presented from chapter
3 including the necessity of clinical involvement in EHR procurement. Once system
design has been agreed by clinicians, a strict change control process is necessary
to ensure only approved changes are made design and also a robust data strategy

is needed to ensure data quality is optimised. Policy should include adequate
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resources and implementation teams to ensure a successful implementation

(Chapter 3).

Policy needs to ensure that the team structures are in place for workflow
development. Workflow design must ensure that the workflow itself is appropriate
and adherent to relevant clinical policies and guidelines involving the correct
actors preforming the correct tasks in adherence to their scope of work practice

(Chapter 4).

The European Union provide directives on accurate data recording®;
however, Ireland would also benefit from local and national policy guidance in EHR
data entry for both nurses and doctors who interact with an EHR. This would
contribute to improving the reliability of records and the available healthcare data
for citizens. The development of a national data dictionary would be beneficial to
standardize all data elements throughout the health service organisation (Chapter
5).

Although the Irish Medical Council (IMC) gives some guidance to medical
staff on recording accurate, timely, and up-to-date medical records in either paper
or electronic form, the Nursing and Midwifery Board of Ireland (NMBI) give
guidance only pertaining to paper records. The NMBI, who provide professional
guidance to nurses and midwives, advise regular documentation of narrative notes
to document patient care and progress'®3. These guidelines are relevant to paper
records but do not support nurses recording clinical structured data in EHRs. A key
recommendation from the study presented in chapter 6, is that the nursing and

midwifery professions need professional guidance for recording clinical care in a
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structured electronic format as health services embark on digital transformation

in Ireland (Chapter 6).

8.3 Implications for Future Research

Clinical research can recommend many new changes to practice and
implementation science can promote the systematic uptake of these findings into
clinical practice®. As research within the field of implementation science is
evolving rapidly there is an extraordinary number of theories, models and
frameworks being developed to suit various different practice changes and
organisations>. The vast number of TMFs however can be overwhelming and
difficult to navigate. Training would be beneficial to familiarise oneself with the
various categories of TMFs and find the most appropriate TMF(s) to use (Chapter

2).

Future research could include an implementation review of future phases
of the MN-CMS project implementation. The potential of data extraction and
analysis from the EHR could potentially contribute greatly to population health for
mothers and their newborns. Data science could potentially provide data and data
platforms to improve patient outcomes. Future research and developments need
to include the development of a patient portal providing a person with full access

to their own or their child’s healthcare data (Chapter 3).

More research is needed on workflow development in healthcare-based
literature. Other industry led models in particular, engineering provides useful
process mapping methods for workflow development, however improvements in

productivity or financial are the generally the desired outcomes rather than patient
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care-based outcomes. Theories, models, and frameworks from implementation
science are useful in workflow development research and have been used in this
thesis for the first time. Additional for future research would be beneficial in this

area (Chapter 4).

This study contributed greatly to the quantitative measurement of
workflow analysis and is particularly useful as a model for future research to
objectively measure workflow compliance within an EHR. Additional future
qualitative research exploring opinions and perceptions would also be beneficial
to complement quantitative findings. Further research using background audit log
files from a European perspective would be beneficial rather than a US comparison
based on significantly different health care structures. Additionally, more nursing
data variables are needed to describe their EHR usage across different health
services and countries- most studies on workflow analysis studies look at medical
workflows. In this way different nursing specialties can be directly compared, and
optimisation plans can be introduced (Chapter 5).

The involvement of multiple clinicians from different disciplines is
recommended in any research evaluating EHR usability and design, as each
member has a unique viewpoint based on their individual workflows and uses of
the EHR. Qualitative research makes an important contribution for EHR design and
optimisation through providing an in-depth understanding of perceptions and
beliefs (Chapter 6). Using mixed methods approaches to research in EHR workflow
evaluations provides both objective data and an useful understanding of users

perceptions (Chapter 6).
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Appendix 1: Implementing a process to print medication
infusion labels in Neonatal Intensive Care Units using
implementation science.

Sheehan OM, Bradfield L, McNabola G, Finch K, Kehoe B, Cleary B, Murphy BP,
McKernan J, Greene RA.

Background

Medication errors are the most common type of medical errors in neonatal units.
Sick newborns receiving high risk and complex infusions are at greater risk of
medication errors. In one tertiary neonatal unit in the Republic of Ireland, the
practice of ordering and recording the administration of standard concentrated
infusions (SCls) was completed on the National Newborn Electronic Health record
(EHR). However, the process of labelling the syringe was a handwritten process
followed by manual programming of the infusion pump. Handwritten syringe
infusion labels, however, have been associated with infusion pump programming
errors during simulation studies due to transcription errors. Following the software
development, this project introduced the printing of medication labels directly
from the ordered SCl in the EHR.

Methods

Implementation Science was used to implement this change into clinical practice.
Implementation science is the study of methods, translating research into practice.
The framework used was Action, Actor, Context, Target, and Time (AACTT
Framework). The ACCTT framework focuses on the person and the actions needed
to achieve the outcome. The AACTT framework breaks down the necessary steps
and identifies the areas for change which is similar to workflow development and
adaption.

m Print Syringe Infusion labels from the EHR Order
VW NICU Nurse
Neonatal ICU Setting

T- Target NICU patient with a new order for a Standard Concentrated
Infusion

After the order is placed and before preparing the infusion
Results

Following assessment, a number of implementation strategies were identified and
used to implement the new process. Training was required for all nursing staff;
training materials were developed and distributed, champions were identified as
support during the process and all required technology was acquired and in place
prior to go live. Flexibility and adaption were required around training due to
clinical need and clinical activity.

Conclusion

The new process of printing labels directly from the EHR Order was successfully
implemented. Implementation Science is extremely useful in the acute healthcare
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setting. Implementing change around complex processes for sick newborns can be
aided by implementation science strategies and evaluations.
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Appendix 2: Poster Presentation; Implementing a process to
print medication infusion labels in NICU using
implementation science.

Implementing a process to print medication infusion labels in Neonatal Intensive Care Units using

implementation science
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Medication errors are the most common type of medical errors in neonatal units®. Sick newborns receiving high risk and complex infusions
are at greater risk of medication errors. In one tertiary neonatal unit in the Republic of Ireland, the practice of ordering and recording the
administration of standard concentrated infusions (SCls) was completed on the national newborn Electronic Health record (EHR). However,
the process of labelling the syringe was a handwritten process followed by manual programming of the infusion pump. Handwritten syringe
infusion labels, however, have been associated with infusion pump programming errors during simulation studies due to transcription errors?.
Following the software development, this project introduced the printing of medication labels directly from the ordered SCl in the EHR.

Implementation Science was used to implement this change into clinical practice. Implementation science is the study of methods,
translating research into practice. The framework used was Action, Actor, Context, Target, and Time (AACTT Framework). The ACCTT
framework focuses on the person and the actions needed to achieve the outcome®. The AACTT framework breaks down the necessary
steps and identifies the areas for change which is a similar process to workflow development and adaption?. Mapping workflows is a key
process in successful EHR implementation®*
YY) Print Syringe Infusion labels from the EHR Order Figure 1: AACTT

Framework detailing
(00 Y= T NICU Nurse the breakdown of
(BT Neonatal CU Setting steps required to
successful
40 F =108 NICU patient with a new order for a Standard Concentrated Infusion implementation

LG After the order is placed and before preparing the infusion

Following assessment, a number of implementation strategies were identified and used to implement the new process. Training was
required for all nursing staff; training materials were developed and distributed, champions were identified as support during the
process and all required technology was acquired and in place prior to go live. Flexibility and adaption were required around training
due to clinical need and clinical activity.

The new process was implemented successfully, and end users routinely use the process to label high risk infusions daily. The measure
of success in implementation science includes user acceptability and adoption based on the new workflow changes. This has been
achieved and is being sustained since implementation. Handwritten labelling has been eliminated and replaced \mth pnnted labels
directly from the SCl order.

L 31708723 [l Zzstest Trip One Orlasboy sa0s1022

NORadrenaline 11,000 (1 mgml) 1 ml 0,02 mgiml {NorAd1)

|iaketca e L1 Start Dose: 005 microgramikg/minute
Prep. Date: Prep. Time: Slan Rate: 017 mLmour
PreparedAdminisered by

Checked by

comssn [l Titsale between 0 - 0.3 microgramkg/minule

Figure 2: Handwritten labels changed to printed electronic
labels and disployed attached to syringe infusions
A barrier to this implementation process was identified as hardware issues and working printers. Facilitators to this implementation were

local champions and single-sign-on access to computers with a tap card process allowing users to move to computers with specific syringe
label printers.
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Complex health care changes:
can implementation science help?

Orla Sheehan, Brendan Murphy, Paul Corcoran, Joye McKernan,

Richard Greene

Appendix 3: MIDIRS Midwifery Digest Publication

Summary

In this paper we review the concept of implementation science and its use in health care, and in the area
of electronic health record (EHR) implementation. We describe the theories, models, and frameworks,
followed by implementation strategies and implementation outcomes. The use of implementation
science in maternity and neonatal care is explored and the use of implementation science guiding

EHR implementations in complex health care settings is discussed. Finally, we explore the Normalised
Process Theory (NPT) in detail, as applied to EHR implementation and workflow development.

Implementation science

Implementation science is defined as the scientific
study of methods to promote the systemic uptake of
evidence-based practice and research findings into
everyday routine practice, thereby improving the
quality and effectiveness of health care (Eccles &
Mittman 2006).

Implementation science has emerged primarily to
advance evidence-based population health; it aims
to address the challenges of implementing research-
based findings into health care practice and health
policy across all health care spaces (Foy et al 20135,
Nilsen 2015).

Early implementation science was empirically driven
without any real theoretical frameworks (Nilsen
2015); its main goal is to bridge the gap between
theory and practice. There are as many as 100 terms
to describe this knowledge translation into practice
(Esmail et al 2020) such as translational research,
dissemination and implementation (D&I) research
or, most commonly, implementation science.

Implementation science in itself is the study of
methods, to identify barriers and facilitators across
multiple contexts and develop strategies to address
these barriers and facilitators (Nilsen 2015).

201

Theories, models and frameworks

Over the past 20 years the use of structured theories,
models and frameworks (TMF) has emerged and is
being recognised in implementation science in order

to facilitate implementation (Nilsen 2015). Nilsen
(2015) provides a very useful taxonomy of TMF based
on a narrative review of selective literature, including
books and prominent implementation science journals.
The terms ‘theories’, ‘models’ and ‘frameworks’ are
often used interchangeably in implementation science
(Nilsen 2015), however Nilsen (2015) has categorised
the TMFs into the following:

Table 1. Categories of theories, models and frameworks

Process models Describes/guides the process

Determinant frameworks Determinants acting to
identify barriers/ facilitators

Classic theories Psychology/sociology
theories

Implementation frameworks  Understanding of all aspects
of the implementation
process, including
organisation level

Evaluation fi rh Appraisal of specific aspects
of implementation to

determine success

MIDIRS Midwifery Digest 33:2 2023



Implementation strategies

Implementation strategies are the ‘how' we implement
and are just as important as “what” we implement.

An implementation steategy is defined as the

method or technique used 1o enhance the adoprion,
implementation, sustainment and scale-up of a
programipractice (Procror et al 2013).

Implementation serategies can be used 1o address
contextual barriers or enablers during different phases
of implementation (Powell et al 2001 5a). For example,
training alone cannot be the only strategy used 1o
imyplement change, particularly if the organisanonal
level of poor culrure is nor addressed (Lewis e al
2018).

Utilisation of steategies should align with the barriess
and facilitarors identified in variows stages throughout
the project, for example, if leadership is needed then
the strategy needs o identify and prepare champions;
if there are gaps in knowledge then rraining should be
the strategy.

Powell e al {201 5b) collated expert recommendations
for implementation change (ERIC); this publication of
ERIC straregies clearly outlines numerous strategies
thar can be used for implementation projects (Powell
et al 2015b). Recently, there has been further

analysis of ERIC strategies and rhe need vo describe
the actions involved with each seraregy (McHugh

et al 2022). McHugh et al (2022) have developed

a mxonomy of behavioural change rechnigues
asanciated with ERIC serategies and recommend
imregranng this raxonomy in implementation projects,
1o focus on the behaviours needed o apply a seraregy.

Implementation outcomes

Implementation outcomes are deliberate and
purposeful actions w implement changes 1o
Irealments, pracrices, or services (Proctor er al

201 1). Implementation science outcomes include
acceprability, adoption, appropriateness, feasibility,
penetration, cost, sustainabiliy, fidelity, and reach;
each of these can be used 1o evaluare the process and
outcome of implementation {Procror er al 2011).

Utilisation of implementation science in
maternity care

Drespite a myriad of TMFs there is a significant gap
for those used in maversity cage (Dadich ex al 2021).
Implementation science and the use of TMFs in
maternity care literarure is very limited: only 8.9 per
cent of publications reviewed by Dadich e al (2021)
reparted the wse of a TME, while 91.1 per cent of
studies reviewed focused on facvors such as barriers
and facilitarors (Dadich e al 2021).

The use of implementation science-based theories is

often not explicic in studies as Anding a one-size-firs-
all approach is not feasible. Aligning evidence-based
practice in health care can be challenging, largely

MIDIRS Midwifery Digest 33:2 3023
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because whar clinicians do, how they do it, when
they do it, and who they do it o, is shaped by
myriad factors and processes (Scantlebury et al
2017). T this end, the use of implementation TMFs
and strategies needs to be customised based on the
particular project.

In neonatal care research, publications are limited in
termis of the use of implementation science 1o bridge
the theory—practice gap. Coutts et al (2021) use an
implementation science framework to assess the
barriers and faciliatoss in implementing kangaroo
care in British Columbia neonaral intensive care
units (NICUs).

Coutes et al (2021) conducted qualitative interviews
and themed their ourputs using the consolidared
framework for implementation research (CFIR)
framework {Damschroder et al 2009). They
highlighted some barriers and facilivitors o chis
practice imtroduction, namely organisational,
individual, and physical space factors. They concluded
that, although this is an evidence-based practice 1o
improve neonatal outcomes these is no ode-size-firs-
all implementation plan, as each NICU has varying
facrors [Courrs er al 2021). Many implementation
scientists recognise that TMFs need ro be adaprable:
each implementation project is different bur also
other factors, such as organisational, individuals and
culrures, vary across institutions and all need 1o be
taken into account (Esmail er al 2020).

In terms of disruptive rechnology, Scantlebury

et al (2017) explored the benehrs, barriers, and
disadvantages of implementing an EHR into a
marernity unit in the United Kingdom's Mational
Health Service (WHS) contexr using the Mormalised
Process Theory (INPT). The NPT has characterised a
range of domains that assist bealth care professionals
in understanding the purpose of (coherence), engage
with [cognitive participation), use (collective action)
and appraise [reflexive monitoring) an EHR.

Scantlebury et al (2017) used the NPT 1o do a
post-hoc evaluarion of EHR implementation.

Their srudy highlighted some benefits, barrers

and disadvantages which are rransferable vo other
health care oeganisations, such as previous failed
implementations of EHRs, dual paper processes and
lack of integration with other departmenta/systems
{due 1o poor technaology or poor workflow).

The Mormalised Process Theory (NPT) and
electronic health records

Health care implementations are typically complex,
particularly when they consist of technological,
organisational, and behavioural change, and ofren
benefir from an overall process evaluation (May

et al 2007). Process evaluation helps vo understand
not only the outcomes reached but the facrors

that promote and inhibit the intervention | May
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et al 2007). May er al {2007} describe an effective
implementation as something that has been made
workable and integrated into evervday health care.
The NPT has its ofigins in sociology theorerical
framewaorks but it can be useful in complex health
care interventions and has developed from the
MNormalised Process Model (NPM). May er al (2007)
further explain that, although the outcomes of the
implementarion are imporant, the social inreractions
and processes are equally important in achieving

the ourcomes.

The NPM aims to describe, explain, and predict social
process in complex organisarions ( May et al 2007).
May e al (2007) explain that a process can be broken
down o three core elements: the actor, the object, and
the context. For example, in an EHR implementation
the following could apply:

Actor = health care professionals
Object = electronic health record
Context = maternity hosparal

The NPT was developed and published as a seminal
piece of work by Carl May and colleagues to provide
a set of sociclogy ools to understand and explain
the social processes through which new or modified
pracrices are enacted or operationalised in the health
care sermng (May er al 2009).

May e al (2009) describe their theory as being
different from other culewral rransmission or
innovation theories, such as Rogers’ 2003 theory

of diffusion, and explicitly call the NPT a theosy of
actioet. They believe thar, 1o embed a practice into a
health care setting, the staring point must be whar
people actually do and how they work (May et al
2009), and the first steps 1o describe what is changing
and for whom it is changing {Murray er al 2010).

This is similar 1o 2 werkflow assessment in terms of
baseline EHR implementation. A framework should
begin with a clinician-designed workflow 1o address
the low of patient dara (Humphey 8 Erickson
2022). At the micro-level, an EHR implementation
is the enactment of a series of workflows, in a
concurrent manner, across multiple health care
providers, disciplines and semings. Addressing each
workflow o the micro-level can facilitate a successful
implementation. The NPT can be used 1o address
workilow developmem and redesign.

As a baseling, the NFT begins with the ‘coberence
domein’, thar the actors will have an understanding
and an appreciation of the practice a3 meaningful
(May et al 2009, Murray et al 2000). Involving
specific health care pracuitioness to design their own
workilows, means thar there is a level of engagement
and expertise with the overall aims of the practice
and the process needed ro achieve them (Humphry
& Erickson 2022).

203

The “cognitive participation domain® involves the
actors’ commitment to a practice, and addressing the
barriers and facilitarors thar exist for the individual o
undertake the pracrice (May et al 2009, Scamtlebury
et al 2017).

The “collective action domain® imvolves the Eacrors
that inhibit or promaote the actors enacting the
pracrice, such as using the system (May er al 2009,
Scantlebury er al 2017). These could be related o
software design, hardware issues, workflow problems,
ICT lireracy skills or system training.

Finally, *reflective monitoring” relates to how well

the acrorsfusers have appraised the system and

its impact on practice (Scantlebury er al 2017).
Implementanon science can be an iteranve process
whereby re-evaluarnion is needed ar various poines in
the implementation process throughout these domains
(Kirchner et al 2020).

Conclusion

In this paper, implementation science has been
broadly summarised and its use in the manernity
healeh care serting highlighted. The use of
implementation science o guide and evaluare
complex implementations, such as electronic health
record (EHR ) implementation, was discussed.

Mormalised Process Theory (NPT) is a theory af
action and provides domains of work 1o guide
complex interventions. The NPT provides a useful
framework o guide new complex practices becoming
part of everyday practice. The use of implementation
science is valuable in guiding health-care-relared
changes in maternity and neonaral setrings.
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Appendix 4: JIMIR Formative Research Publication:
Introduction of a Single Electronic Health Record for
Maternity Units in Ireland.
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Abstract

Electronic health records {EHRs) are being introduced worldwide. The change from paper to electronic records has not always
been a seamless or quick process; however, EHRs are viewed as central to updating modem health care, especially organization
structures and delivery of sustainable care with the potential for joint decision-making with the patient. The objective of this
viewpoint paper is to outline how an EHR is being developed in Ireland. The focus of the Matemal & Mewbomn Clinical Management
System project is the design and implementation of an EHR for all women and babies in the matemity services in the Republic
of Ireland. The paper also outlines the lessons learned from the planning to the optimization stage of the project. The paper was
developed through discussions with the project management team and their completed reports that outline the lessons they scquired
from cach project stage. Key lessons leamed from each stage of the project are highlighted. This viewpoint paper explains how
the national project management team is implementing the EHR and outlines the experiences and lessons learned and the challenges
ahead following the phase one introduction. The Maternal & Mewbom Clinical Management System is an example of a clinician-led,
patient-focused, change management project from its inception to implementation. The introduction of EHRs 15 cssential in
maodernizing health care and optimizing patient outcomes through the accurate and appropnate use of data.

(JMIR Form Res 2023;7:e38938) doi: 10219638938
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Infroduction

Electromic health records {EHRs) are essenbal in atiempting to
update modem health care [ 1] and are being introduced across
Europe, North America, Australasia, and the Middle East [2].
The change from paper to electronic records has been described
as complex [3], particularly in the hospital setting compared to
private industry, due to the nawre of the organizational setting
that imvolves canng and curing, data secunty, confidentiality,
and data accuracy [4]. Many complex steps have been wdentified
in the implementation of an EHR from procurement, design,
building, testing, and traming through to adoption and
optimization [5]. A hospital-wide EHR implementation needs
to consider a number of organizational, human, and
technological factors as well as organizational structure, culture,
technical infrastructure, financial resources, and coordination
[4.5]).

The need for digital information and connection has evolved in
the last 2 decades [2] and n particular since the COVID-19
pandemic with a reliance on the digital world to connect. Over
half the worlds population (60.9%) use the internet and
two-thirds of the world’s population (66.9%) have a mobile
phone [6). In Ireland, it is estimated that 3.68 million (73.5%
of the population) had a smariphone in 2021 with a projected
3.8 million by 2024 [7,8]. The delivery of safe and effective
health care is dependent on the availability of accurate and
up-to-date data in a legible, reliable, and timely manner [%). It
is through the use of an EHR that health data can be available

Figure 1. Connecled elements of the MN-CMS progect meluding M ¥
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in the cormect place at the comect time to enable timely clinkcal
decision-making.

Maternal & Newborn Clinical Management System

The Maternal & Newborn Clinical Management System
{MM-CMS) pathfinder project is the design and implementation
of an EHR for all women and babics in the maternity and
gynecology services in the Republic of Ireland [10]. The
MMN-CMS is a significant development m health care, the first
clectronic national system in maternity and newbom care
amywhere n the world. The introduction of the MN-CMS is a
necessary step in modernizing health care and italigns with the
strategic goals of the Department of Health and the eHealth
Ireland digital roadmap [11]. At an imtemational level, this
national EHR implementation is the first of its kind as no other
country has achieved a fully interoperable national EHR within
the community or acute care settings [3,12,13]. The MN-CMS
includes all the relevant processes required including order
communication, medications, anesthesia, and theater as well as
all clinical documentation for maternity, newborn, and
mynecology (see Figure 1). Laboratory orders are a closed loop
of order commumication from initial order placement to
laboratory results and clinical endorsement and review of results.
Moedications are fully electronically prescribed with assisted
decision support and electronic recording of administration.
The MN-CMS has the potential to design the most cost-effective
models of care and establish a national epidemiological database
[14], which will inform national clinical care, audit, rescarch,
and business intelligence.

| intensve care unil (NICU), Medications and Reporting. MN-CMS:

Matemal & Newbom Clmical Management System.

Theaters/
anesthesia

Electronic
arders)
reguests and
results

Reporting
(local and
national)

Medications
(medications
management)

As of 2016, the Republic of Ireland had a population of
4,761,865 [15] (with an estimated 5.00 million in April 2021
[#]) with an average of 63,000 births a year [15]. The maternity
units in Ireland vary in size: The smallest unit has about 1000
deliveries per year, and the largest unit has over 9500 deliverics

B formalive jeninorng 20231 /c33933

[16]. The information and communication technology (1CT)
systems across the units vary. Some units use only paper charts,
while other units have hmited electronic systems. General
practitioners, who provide a shared-care model of antenatal
care, in Ireland, use electronic medical records; however, the
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system was not linked to the national hospital system. With the
introduction of the MN-CMS, the pregnancy and birth records
for pregnant women and their infants are now linked to the
general practitioner systems with MMN-CMS through a messaging
broker system called Healthlink. As with the development of
all EHRs, this project is a major change project not an 1CT
project; it involves multiple changes across all aspects of
maternity services at the individual level through to the
organization level. This project imvolves transitioning all
maternity units over time to 1 single EHR. Keeping the mother
and baby at the center was the primary principle set out by the
project board, and it was envisioned that the MN-CMS would
record practice and not decide practice [2].

Alm

The aim of this paper is to describe the key observations and
lessons learned from the national project team implementing
the MN-CMS.

Methods

Overview

The methods used to develop these valuable outcomes were
through discussions with the project team, post go-live
workshops focused on lessons leamed, and the phase one closure
report developed by the national project team in conjunction
with key stakeholders. Followmg cach hospital’s go-live phase,
a lessons-learned workshop was facilitated by the national
project team with an approach of categorizing leamings through
people, process, and technology. Each workshop had
representation from key stakeholders from hospital management,
project managers, o end users of the system. Clinicians
including midwives, doctors, nurses, health and social care
professionals, project managers all participated in interactive
workshops which collated all feedback and lessons mto the
categonies of people, processes, or technology. From all this
feedback, a phase one closure report was developed detailing
the key lessons and experiences of the project team in
implementing MMN-CMS. This paper describes the feedback
from the workshops, discussion with the project team, and the
phase one closure report categonzing the learmings in the various
stages of the project, which include planning, implementation,
and optimization.

The Planning Phase

The origins of the project were the establishment of the
MMN-CMS project board whose aim was to establish a single
record and a single source of truth for health-related data for all
women and their babies mn Ireland [2.14]. The board had
oversight to procure and implement the EHR [14] and included
stakeholders from the Institute of Obstetrics and Gynecology,
the Faculty of Paediatrics, nursing and midwifery, pharmacists,
and representatives from the Department of Health and
Healthcare ICT [2,14]. Further stakeholders such as general

I fmative jmiroey 20031 /213938
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practitioners and anesthetists were included as the project
progressed. The establishment of the project board marked the
beginning of a change management project across the matemnity
services in the Republic of Ireland [2]. A patient representative
was not included and should have been considered at this stage.

A need-based assessment was developed to establish a design
specification, and this was carried out by the project board
members and senior health care managers [2,14]. The
assessment was in consultation with the 19 maternity units i
Ireland [14]. Following the design specification, the public
procurement process commenced in 201 1 with contracis signed
m 2014 [14]. The prefered vendor following public procorement
was Cerner [2,14] (more recently acquired by Oracle and now
referred to as (hacle Cerner). Finally, the MN-CMS tcam
initiated the implementation program in 2014 [14]. This
procurcment process was time consuming, and strong leadership
was essential when planning and consclidating scope and

deciding on the preferred software vendor.

The MM-CMS national board had responsibility for ensuring a
govermnance structure was in place [2,14]. This guaranteed a
successful deployment of the EHR to the maternity service
[2.14]. The deployment of phase one was with 4 umts (2
stand-alone units and 2 colocated units) from 20016 and will
continue on a phased basis [14] based on the availability of
public funding from the relevant government departments [2,14].
A strong governance structure is & requirement for the success
of a project.

Umee the vendor had been appointed, numerous work streams
were established for each clinical area such as matermity,
neonatal, medications, health and social care professionals,
order communications, clinical reporting, and research [14].
Representation was sought from cach of the 1% maternity units
in the country [14]. Each work stream developed multiple
warkflows based on their specific delivery of care such as the
matemnity booking visit. return visits, admissions. labor, and
delrvery, elective and emergency cesarcan section, stillbirth and
neonatal death, blood transfusion, neonatal intensive care unit
(NICU} admission and discharge [2,14]. One NICU work stream
was established. however, in hindsight; this should have been
a NICU or newbomn work stream based on the patient rather
than any particular health care professional, as it led to different
views and data entry for each health professional caning for well
babies and NICU babies. A key to design and development was
to sit down with multidisciplinary team experts and map out all
current workflows; then design the new workflows with input
from the system specialists. Adequate representation is essential
for workflow development. Crossover of work streams is
necessary, for example, KICU or newbom leading to 1 baby
chart design rather than different views for postnatal midwife
and neonatal staff. Key lessons from the planning phase are
outlined in Texthox 1.
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Textbox 1. Lessons learned from the planning phase of the M:

1& N

born Clinical Management System (MN-CMS) implementation.

Planning Phase Lessons
e  Patient representative at an carly stage
e Strong leadership needed for imtial p

e Strong go quired th the project
e Imvolve the clinscal teams and experts in workflow development

L
ugh

The Implementation Stage

The responsibility of the phase one implementation rested with
the implementation tcam that was established in 2014 [2.14].
This project team initially consisted of a small tcam with
clinicians at the center of this team [2,14]. Over time, the scale
of the EHR implementation challenge highlighted that additional
resources were required [14], and that clinical staff’ were
instrumental in all clements of the project [ 14]. An adequately
resourced project team is essential, and a realistic expectation
of the commitment and responsibility expected should be clearly
defined for those involved.

The previously mentioned clinical work streams conducted the
current state analysis by working with the national project team
and the vendor. This current state analysis mapped the current
workflows of all the hospitals in the phasc one sites [2,14]. This
mnvolved mapping the patient journcy from the first referral to
the hospital for care nght through the discharge process
following delivery for both mother and baby [14]. Between the
maternity and NICU work streams, approximately 54 workflows
on average were mapped for cach hospital [14]. This process
required relevant clinical personnel familiar with their own area
and delivery of care and a functional structure to achicve this.
Figure 2 outlines this structure.

Figure 2. Outline of work streams required for MN-CMS project. MN-CMS: Maternal & Newbomn Chinical Management System.

MN-CMS Change Advisory MN-CMS MN-CMS National Project

Board (CAB): Team (NPT):

*  Approves changes * Organize the groups to
loming spptopeiate deliver the build
consideration * National view of

MN-CMS Clinical Advisory MN-CMS5 interdependencies

Group [CAG): Change Advisory

«  Where there is Board (CAB|
uncertainty about
changes - a clinical sense
check is undertaken by
G

+  National view

Woerk streams Work stream
Medication membership:
muasagemoent
Multidisciplinary
representation from
wdhiduat Healtk across hospital and
Idontitior (W) ‘roups;nd
individual hospital
sites

The future state analysis was developed from the current state
workflows [14). This process transformed the patient journcy
into the new clectronic environment of future state workflows
that would be the foundation of design and build for the EHR
[2,14]. The future state analysis is the key foundation for the
design and building of the system, and gaining conscnsus across
all sites is beneficial.

The design and build phase involved a collaborative approach
across the national project team, the vendor, and the work
streams [ 14]. This phase of the project was challenging duc to
the complexity involved m designing and configuring a
comprehensive  EHR  [2.14); the work streams had

Bogsfoemative. jmicony 20231 e 38938

representatives from all 19 units. This complexity of this work
was underestimated by all involved [14]. The recommendations
made were fed back to the national team and the vendor [14].
Inclusion from the broader work stream group is necessary to
assist buy-in to the project. However, a smaller group, comprised
of clinicians and subject matter experts, made final decisions
on the design, and the vendor then completed the configuration
and build [14].

The purpose of the future state validation was for the MN-CMS
team and work strcam members to present the system with the

final design and build to those working in the maternity services
[14]. It was an opportunity for attendecs to gain an
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understanding of how it would work in their hospital by
demonstrating vanous patient journeys and workflows [ 14] and
allowed them to get some hands-on experience with the system
[2.14]. The future state validation needs to reach as many people
as possible, and champions from individual hospitals need to
be engaged with the process,

In terms of changes to the system, there is a strict change control
protocol in place since the completion of the design and build
phase [2.14]. A requested change to the system may have
significant knock-on effects on individual workflows or indeed
individual units. To this end, weekly meetings are held to
manage and review change requests by the Change Advisory
Board [14]. Requested changes in the system are assessed
individually as 1 change for 1 unit may not be acceptable in
another, all changes need to be agreed by all units, and all work
streams affected before being implemented [14] m the live
production environment, maintaining a national core. Changes
are first implemented and tested i a test environment before
progressing to production. A change control policy needs to be
strict and adhered to, throughout the process. The impact on the
workflow and training needs to be assessed with each change.
A test or nonproduction environment is necessary to test the
change prior to implementation in the live system.

The testing phase consisted of 2 phases—system and mtegration
testing [ 14]. Test scripts were created. by clinicians, based on
the clinical workflows and the various scenarios that might
occur for both mother and baby [ 14]. The system testing phase
imvolved testing the system against the workflows to ensure the
design was functioning as expected [2,14]. Integration testing
consisted of testing the systems with all other third-party systems
(eg, patient administration system and laboratory information
systems) [14]. This testing was undertaken at each individual
site based on different patient administration and laboratory
information systems and to validate therr workflows [14].
Integration testing also included the testing of printers,
wristhands, and barcode scanners [14). Device integration with
the EHR for the neonatal vital signs monitors and ventilators
and the fetal monitoring (cardiotocograph-monitoning)
solution—FetaLink (Fetalink provides a graphical display of
the relationship between fetal heart rates and contraction data
in the EHR. It displays waveforms and annotations, which can
be viewed in real time by care providers in inpatient or
outpatient settings [2]) were all tested during this testing cycle
[14]. These devices were tested using demo modes and
simulations. The Downtime System Access Viewer (724) used
to view the patient chart in the event of a planned or unplanned
downtime also had to be tested at cach site [ 14]. All test issues
were logged to a web portal accessed by the project team and
vendor. Each test issue was prioritized, fixed, and retested and
then closed by the clinical team of testers [2]. Testing takes time
with a large team. The allocated team in this project was too
small. The personnel involved in testing need to be subject
experts and expert users with on-the-ground clinical knowledge
of the workflows and processes in each site.

The first steps prior to the deployment of MM-CMS were a
Wi-Fi connectivity survey of cach site, and an assessment of
the extra power points, data cables, and ports required for the
new hardware was mstalled in each unit [14). The additional

Bmpe ! foemnalive. jmicosg 20031 e 19938
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infrastructure required to implement MN-CMS  included
computers on  wheels, desktop computers, electronic
whitehoards, printers, scanners, and barcode readers [14). The
purchase of these items followed the national procurement
process and was a multidisciplinary exercise involving ICT,
biomedical engincers, end users, and infection control teams
[2.14]. Local ICT teams are essential and need to feel part of
the project, and issues arising need to be solved as a single local
EHR team. Ongoing support by local ICT of hardware devices
and connectivity is essential.

Approximately 2500 staff benefited from training, across the 4
phase one sites [14]. Classroom-hased training consisted of 1-3
days duration depending on their system role [14]. Traiming
course plans were prepared based on patient journey workflows,
the train domain was populated, and following a train-the-trainer
program training was provided to staff in each hospital by their
peers [14]. These trainers initially provided intense training to
a group of superusers (both trainers and superusers were an
imvaluable support for the carly weeks of go-live to support
colleagues in each clinical area [2,14]). The trainers localized
their training plans for their specific hospitals and kept detailed
training records to ensure that all staff attended training [14].
Logistic planning was essential to schedule the training and the
backfilling in clinical areas as staff were released to train.
Personnel need to be identified to deliver training and support
to medical, midwifery, nursing, other health care professionals,
and administration disciplines. These are vital roles, and some
will be required after go-live. Providing a play domain (not
available in this project) for staff post training would be
beneficial—staff need to build their confidence through
familiarization and practice.

The go-live phase involved setting wp of user accounts,
deployment of passwords, data migration, and the staffing of a
24-hour, T-day-a-week command center to support staff over
the go-live weekend and the post go-live early live support
period. Each go-live was supported on the ground by the
members of the National Project Team, the vendor, the team of
engineers and solution specialists, project managers, and staff
from the other phase one sites [2,14]. Data migration began in
the weeks coming up to go-live for all patients close to term
{end of pregnancy) and for inpatients {women and babies) who
were expected to remain for a peniod after go-live. If a woman
delivered and was documented on paper before go-live, they
remained on paper. Patients who were attended in labor after
the go-live time had delivery documentation on the EHR and
completed their care on the EHR with appropniate agreed data
documented including past history, allergies, medications, and
risk factors [2]. There was a “wash-through™ period before all
paper records were removed [2]. The go-live phase was a big
bang, done over a weekend to allow a phased introduction of
the EHR to inpatient care, then outpatient care after the weekend
[2]- All ward managers should be trained as superusers, this
ensures they can feel confident in supporting their ward staff
over go-live. This was not achieved for our first go-live, and
the deficit was quickly recognized and corrected for fiture
go-lives.

The go-lrve phase is the focus of the project from inception—it
is the prize for the project team and the individual service. This
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is necessary to achieve the target worked on in the project.
However, the local project team or an equivalent team of subject
experts and expert users” needs to be in place before go-live
and ready to carry on support and optimization through traiming,
assezsment, and development of workflows and associated
documentation and identifying and getting fixes for identified
risks in the new world of digital documentation. A clear
transition team and a plan to assist with the adoption and
optimization of the new business model are needed before the
go-live phase.

The implementation of electronic medicines management within
an EHR offers the potential to streamline patient care and to
engineer safe medication use processes [2). Currently

Texthox 1. The mplementation phase of a lesson bearned.

Shechan et al

implemented within MN-CMS are clinical decision support
functionality including allergy checking, mteraction checking,
dose range checking, customized enterprise rules, weight-based
dosing, prewritten order sentences, and care plans [2,14].
Electronic prescribing has been demonstrated to promote safe
and effective prescribing practices and to reduce the risk of
errors [2.14]. The system facilitates clinical pharmacy services
which have been demonstrated to improve patient cutcomes
and reduce the risk of serious patient harm [14]. The benefits
of getting the medication management right will have
implications for patient safety; however, it does need to be
resourced adequately through funding and staff. Key lessons
from the implementation stage are outlined in Texthox 2.

stage Ik

»  Relevant clinical personnel to clearly outline work fows

«  Sinict change coatrol process and approval is exsential

e Adequately resourced project beam and clarity of the commstment needed is essential

e The Fulure state amalysis is the key loundation for the design and build
e Design invelves a wide team, but some final design decisions wiere made by a smaller group

»  The Fulure state validation needs to reach as many as possible to fully engage with the process

o Testing requires a large team of clinical users and subject matter experts

& Local information and communication lechnology myvolvement i essential

s  Peertrainers need o be engaged early and these vital roles are required post go-lnve in the support phase

e All ward madwife or nurse managers should be trained as supensers ensuring they ane confident 1o support their staff over the go-live period
e A tmnzmtion team s needed post go-live o assist with the adoption and optimization of the new busmess mode]

e Medication management benefits can have posstive miplications for patsent saliety, but 1l does need 1o be resourced adeguately

Optimization Phase

The medication management element of the EHR was developed
by the MMN-CMS project team including clear order sentences
with comrect formulation dose [2]. Some medication emors were
highlighted early post go-live as a key arca that could be
improved to enhance patient care. Enhancements such as the
development of care plans, weight-adjusted dosing among others
led to safer prescribing [Z]. The EHR allows enhanced
assessment of medication error, and while this takes resources
and time and subsequent staff training it is an essential element
toward better patient safety.

The reductions in documentation time should allow for better
records [2,14]. Staff can now avoid duplicating information (as
they did on paper); an example is developing the baby chart
transcribing information from the mother’s chart—an instant
transfer of agreed information saves time [2]. Easy access to
records allows for all telephone consultations to be easily and
clearly documented as part of the record [2.14]. Ongoing staff
training is required to fully assist in the efficiency of their
documentation [ 14].

In terms of data quality, routine data collection needs to be
simple, clearly defined and an integral part of normal care, and
the responsibility of all health care staff [2.14]. The need for

I formative. jiniroeg 20231 235935

high-quality and accurate data was recognized early in
conjunction with European Union directives [17). Data quality
personnel were put in place to check for data errors based on
output reports [ 2,14]. Local information governance teams were
set up to ensure the integrity of the data. The National Project
team also has an Information Governance Group to deal with
issues on a national basis for a single national system [2,14].

The MN-CMS now has the capability of producing clinical
reports for audit, research, financial, and management
requirements. These reports have taken time to build and test;
however, they will be an mvaluable data source in the future
[2.14]. The reporting function has highlighted data quality issues
related to poor data entry. Mitigation has been put in place;
processes including the employment of data quality staff, daily
data quality checks that highlight where issues arose from these
checks, and staff are then contacted and requested to complete
the data they have omitted [2,14). Based on normal care
documentation, Ireland’s matemity and neonatal service will
have a high-quality database to assess the quality of that care
[2]. Demographic information for all patients will be easily
accessible, and data that would not have been available before
will now be available [2]. Routine data collection needs to be
simple, clearly defined, and an integral part of normal care and
the responsibility of all health care staff [2]. Detailed
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consideration of the data clements required in the planning and
configuration is vital and proved valuable in this project.
Ensuring staff know their responsibility for data quality when
entering data needs to be part of their training. Data quality
asscssment is required and appropnate responses including
identification of crrors to staff, further training for staff, and
changes in configuration as required.

Patient involvement is necessary, and the project worked with
the Women's Council of Ircland to develop women's focus
groups to discuss the development of the EHR and take advice
from patients [14]. One of the interesting lessons from this
engagement was the belief that we had already digitized the
care documentation—we were behind the public expectation.
Patient access to their information was considered very
important. MyHealthPortal will be a national web-based site
designed for usc by patients and their caregivers [2,11.14]). Its
purpose is to engage patients in sclf-care, joint decision-making
and empower them to take a more active role in their health
carc management [2,11,14]. This clement of the MN-CMS
project has not been set up to date. Prior to the EHR for the
duration of their pregnancy, women did have access to their
paper medical charts. The MN-CMS board i1s committed to
ensuring women have this access again [14]. This clement is
key as intemationally, as there is an ambition toward providing
patient-accessible EHRs [2.18,19). There are, however, some
limiting factors that include secunty and privacy concerns. legal

m MN-CMS —shoulder d;

Shechan ct al

constraints, and low uptake of other web-based resources for
paticnts [20]. Engagement with patient representatives carly in
the process is necessary. As go-live is approaching inform
patients during their visits of the expected changes and potential
disruption as the hospital transitions to an clectronic-based
record for their care.

MN-CMS trainers are an invaluable support to the local project
teams and to the end users on the ground. Since go-live, the 4
sites have engaged with their end users in optimization sessions
where new, advanced, and updated functionality has been taught.
There is always ongoing. or busincss-as-usual training of new
staff and locum doctors being carried out throughout the year
[14]. Keeping the initial trainers and superusers involved
throughout the process will lead to them being champions and
optimization agents, in the future.

The MN-CMS has allowed clinical d support systems
and educational links to be built into the system. These. for
example, include visual color clues for abnormal values, the
Irish Maternity Early Waming System, a scpsis alert algorithm,
and reference text from national guidelines. There is also
education-oriented documentation including that for shoulder
dystocia (Figure 3) and scpsis. The increased functionality of
the EHR allows staff to fully engage with it and be assisted in
the care they provide through built-in clinical decision support
systems. Key lessons from the optimization phase are outhined
i Textbox 3.

Figure 3. Example of edy 1 de

ystocia. MN-CMS: Maternal & Newborn Clinscal Manag, System.
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Texthox 3. Optimization phase lessons kearned.

Uptimization phase lessons

Enhanced assessment of medication errors i essential towards adequate patient safety

Ongomng stalf training requined to fally assist documentation efficiency

Diata Quality personne] need to be resourced early in the progect and in post before go-lve. A data simiegy and framework need to be developed
For relevant reports, data entry requirements need Lo be planned and configured in advance. Ensure staff understand their responssbality 1s data

accuracy and completeness

e All tramers and superusers shoubd be kept imvolved and fully utiloeed

»  Engage with patient representatives through the go-live and informing them of poatential disruptions

e  [hecision Suppor tools in the clectronic health record assist staff in the care they provide

Discussion

Digital technologies have transformed private industries such
as hanking, finance, transportation, navigation, internet search,
retail, and now EHRs may bring the same revolutionary change
to health care [18]. Globally, however, the overall
implementation of EHRs has not been as successful as
anticipated, and the benefits of EHRs have been slow to be
realized [2]. It has been recognized that health information
systems are necded, but key events in recent years have
highlighted the need for this even further [21]. First, the global
COVID-19 pandemic has accelerated the need for sharing of
health data in the interest of public health [21], and, second, in
Ireland the cyber security breach on the Insh Health Service
Executive in May 2021 underlined the need for trust in data
information security and the protection of health data [21]. The
data generated from a national EHR have the potential to save
lives around the world [22]. The Goldacre Review in the United
Kingdom’s Mational Health Service has identified that data
stored on tens of millions of people could have a huge potential
on improving patient outcomes and saving lives if it is used and
analyzed appropriately [22].

Texthox 4. Key summary of recommendations.

This paper has outlined the lesson learned in the Irish context
for the development of the maternal and newborn EHR. The
MMN-CMS is an example of a clinician-led, patient-focused,
change management project from  its  inception  to
implementation. The National Project team maintained patient
care at the core of the development and implementation of this
EHR and has provided valuable lessons for future EHR
implementations. The imponance of clinical leadership was
mtegral throughout the process from planning, implementation,
and optimization. Additionally, having the right people involved
at the right stages of the project was essential. Challenges arose
in terms of resourcing and often the same person was imvolved
across multiple work streams such as testing, training, and
change management [14]. The National Project team has since
expanded and increased its resourcing since phase one. The key
to ongoing support and optimization has been highlighted as
essential to maintain the data quality and data input into the
system. Regular data quality checks and ongoing training are
essential post go-lve. The key recommendations —are
summarized in Textbox 4.

%

ry of re

s Chimcal leadershap 15 essential throughout the project

communication lechnology staff needed for hardwarne setup

& Strong governance sinacture and sirict change control process

s Omngomg supporl, imming, and oplimization required

e Always keep the patsent at the center of the project

e Involving the nght people at the right stages of the project; for example, clinical stafl’ needed For work(low development and mformation and

»  Adequately resourced team for various stages: for example, clmcal. medscations, testing, trainang, and support

e Data quality survesllance and development of a data strategy and framework

Following the phase one implementation, the MN-CMS now
encompasses 4% of all births in the Republic of Ireland [10]
and provides the foundation of a national EHR [14]. The
MMN-CMS generates approximately 50 reports per day. which
guides both planning of care and epidemiological research and
audit reporting. Reports generated include daily delivery lists,
admission and discharge reports, and reports for the General
Register Office to name but a few. The ongoing deployvment of

I fimalivee. jmirony 20031 /e 313935
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the MN-CMS is dependent on future funding and resources
from the Irish Department of Health. Phase 2 has gamed
approval and will progress over the next 2 years incorporating
all the tertiary centers m Irelands and 70%% of births. Devin ot
al assessed the impact of the introduction of MN-CMS in 1
tertiary site by measuring task distribution of neonatal intensive
care staff [23]. This assessment concluded that the EHR
introduction did not redirect time away from direct patient care

IMIR Form Res 2023 | vol. 7| £3K93E | p H
(P T ol [ CTGTION TP

212



JMIR FORMATIVE RESEARCH

as other studies have reported [23]. Some EHR implementations
have negatively redistributed time toward documentation and
medication management and away from direct patient care [23].
The Irish Health Information Cuuality Authority proposes that
effective engagement (professional and public), technical and
operational, legislative frameworks, and governance structures
are the comerstone of informing policy on the collection, uses,
and sharing of health data [21]. The MN-CMS has demonstrated
these pillars in the EHR implementation.

The future of EHR= has an exciting future with new technologies
such as vital signs to be automatically recorded into the char,
direct dictation to the record and even automated assistants that
listen to the interactions between doctor and patient, and from
verbal cues record the information in the examination room
[18]. Interactive patient portals will allow patients not only to
review their data (ensuring accuracy) but also to input
information prior to consultations and assist self-care as part of
chronic disease management [2]. Following a public engagement
in the Republic of Ireland, 2% of people want access to their
own health information [24].

The volume of data contained in an EHR has significant
potential o positively influence all of our lives if used correctly
and adhering to all data protection and legislation [2,22]. The
potential fo use data may be the greatest effect on health care
and will come from data science using the information available
in the EHR [2]. Data are the core of improvements in health
care, and with the correct and appropriate analysis improvements
can be realized in quality, safety, and cost-effectiveness of care
across the entire health service [22]. The govenance of data,
however, 1s key to the continued success of the development of
the EHR. Patients need to be informed of how their data are
used, why they are used in a particular way, and how that can
improve care and conditions for themselves and others [2]. They
also need to know their data are respected and entered correctly
hased on European General Data Protection Guidelines [17].
Academic institutions have realized the importance of health
informatics and the importance of data retrieval, and they are

Shechan et al

now providing modules at the undergraduate level to prepare
medical professionals [25). The Goldacre review recommends
the intreduction of trusted shared data platforms to rapidly
capitalize on skills and data usage [22]. The introduction of new
analysts, academics, and innovators can provide well-curated
data and accessible technical documentation to improve patient
outcomes [22]. The potential value of data science 15 well
recognized in the ICT world; tech gurn, Vinod Khosla, has
suggested that “fn the mext 1) years data science will do more
Jor medicine than all the bhiological sciences combined™ [26].
It is likely that big data will assist us answer questions about
the best care that would not be possible if we await randonized
trial approaches [2]. Getting to this latter point in development
requires significant work in the planning and development of
the EHR, the change management to move from a paper
environment, and the need for ongoing traming and optimization
to assist staff interaction with the system thereby enhancing the
data quality that will allow big data output to assist care. The
change management process in moving to an EHR emvironment
needs to be patient centered, clinician ked, and ICT supported.
Chur experience shows some of the lessons we have learned.

Conclusions

This paper has outlined the implementation of a national EHR
fior mothers and babies in Ireland. The experiences and lessons
learned from the national project team have been explored and
summarized. Key recommendations are that clinical leadership
and strong governance are essential as well as having an
adequately resourced team. Ongoing training and optimization
arc necessary, and data quality surveillance can lead to more
gccurate reporting from the system. The potential of accurate
cumulative data from EHRs can have a positive influence on
population health through appropriste analysis. Keeping the
patient at the center of the project was always paramount. The
MMN-CMS has been successfully implemented into 4 maternity
units in Ireland and encompasses 40% of births with a plan to
expand further in the future.
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Appendix 6: Workflow mapping describing the paper-based
admission of newborn to Neonatal Unit

Admission routes: labour ward.
WF1 NNU admission theatre, post natal wards, post discharge (2
weeks), intra hospital transfers, Return from
Dublin hospitals post tx or surgery, Transfer
from CUH
= Baby admitted on Assign a Irg':?:gf:;?"
E IPMS..:?L&!;\.; char f— mnsu\:i:;zubllcl " notes and use
o came MRMN
) T
LW midwife , NNU staff —I In bay ) Decision reaardimn - -
M and Dadto NNU withbaby,| |0 o check labels and ID Attachment of Baseline whers boy || Decision regarding
2;;+?-Nil f—» if baby from floars , brought al bya i: Pmts"’"‘ ! bands by LW midwife | (—®|monitoring devices (—»f Observations, and — ... placed "] workforce/ staff to
© pstaﬂ o come by admitting docter along ¥ or admitting Dr and to baby weight within the nit care for baby
!!E with parent/ partner NNU i
Z C 5
E Nursing notes created,
o . . y . Drugs special care obs charts or
& Assists with 1V lines, Fluids administered as Log babys details |
5 prepared checked by 2 - prescribed, Vit K in admission book Icu 0':'5 char‘a results
5 nurses and I via 3 chart, fiy chart
=z Braun pump &
3
: . |
LW midwife , NNU - Managment plan
SHO/Reg/ staff and Parent/ Iabﬁ:;‘d!;nd formmulated eg IV Charts drugsin | | ?:iluﬁ:mr“;sw
Consultant  —— partner to NNU with ——»{ Baby assessed — radiological """ line IV fluids, drug chart harted
decision to admit baby. If floors baby, Dr e antibiotics a
and p partner. |
X rays, white X F;T;:iﬁs::r
o Bloods taken, trolley set ray _form bleep [ viewed on Im"“,
s up with green sheet and radiographer, PACS
B blood botties and
= equipment needed,
Practitioner gowns up for
the procedure
Documentation of Profile created on Methers notes
Results actioned |——m{ c;:";:z:'?::::vs B;:g:g?z':%' t——m{ brought 1o NNU to
chart mine aid documentation
Other samples sent Some samples
See WF 24 for via ICM and porter or tested point of care
samples pathway chute depending on , blood gasses etc
clinical situation and glucose.
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Appendix 7: Future State Workflow process for admission to NICU for administration staff, nurses, and

doctors.
Admin
Staff Ensure patient is Complete admitting
admitted and in consultant and speciality
correct location. ‘ (neonatology)
Complete
Associate iView: Document Admission form: Document Complete a
Device(s) and weights, physical ensure you administration of Nursing Note (if
Nurse pull in vital signs/ assessment, any complete the GA at ‘ medications and #necessary)
parameters ‘ lines tubes or ‘ birth and Time of fluids
drains Birth is
documented.
Document Apgar Complete Admission Enter Diagnosis as a Add Orders! Enter any
score +/- -‘ Note structured data Total Fluid Intake, - procedures e.g.,
Doctor resuscitation note » entry in Problems & feeds, medications, Intubation, central
(if required) Diagnosis fluids line insertion etc.
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Appendix 8: Nursing Workflow Checklist

MN CMS DOCUMENTATION

NURSE’S ADMISSION CHECKLIST

¢ PM Conversation > Transfer Inpatient

(Complete Assigned Consultant and Speciality of Neonatology)
Associate Devices and Pull in Vital Signs

iView as relevant e.g. Enter Weights

(Measured and Dosing), Vitals, handover etc.

iView > Physical Assessment e.g. Respiratory

Admission AdHoc Form

(Remember GA at birth, Temperature and Blood Sugar on Admission)
Document Lines/Devices

¢ Document Meds/Fluids

Complete a Nursing Clinical Note (only if necessary)

Note: Outborn admissions will need to be admitted on iPMS and may need an
MRN created by Admin Staff Version 1:07/01/2020
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Appendix 9: Medical Documentation Checklist

MN CMS DOCUMENTATION CHECKLIST

NICU/SCBU DOCTORS

Admission Checklist

e |f admitted from Delivery Suite
document Apgars in iView in Newborn
Delivery Information Band in Maternal
Record for Result Copy into Neonate
Overview in Infant Record.

¢ Complete Resuscitation Note if required
¢ Complete Admission Note
e Enter Diagnosis

e Add Orders
- Total Fluid Intake/Feeds/PN/Fluids/Meds

e Enter any Procedures
- ventilation

* Prepare Summary on Neonatologist
Handoff

Version 1: 25/09/19
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Appendix 10: Memo following go-live of the workflow change needs
for Apgar data entry focusing on the Actor and the Context

ot
I Cork University Maternity Hospital,

Health Service Executive,
Feidhmeannacht na Seirbhise Sldinte Wilton
Health Service Executive Cork.

MEMO

From: Executive LIT
Date: 24/08/2017

Documenting the Apgars

There are 3 different types of scenarios

1. Well Healthy Baby: Midwife documents in mother’s chart
and result copy across to baby chart

2. Baby who needs initial Resus: by either Midwifery /Paeds
and not admitted to NNU

a. Apgars are agreed by both Paeds and Midwife

b. Entered into iView by Midwife in iView in Maternal
Chart

c. Paeds name is entered in the “Assigned by” field by
Midwife

3. Sick Baby: Needing transfer to NNU. Apgars entered by
Paeds in mother’s chart and result copied across
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Appendix 11: Example of paper jaundice treatment graph

: Treatment threshold graph for babies with neonatal jaundice %ﬂ R
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Appendix 12: Workflow design for the new jaundice treatment graph detailing the necessary steps to
be performed by particular staff.

E Waork Step Work Step Work Step
< Baby Chart has been created either #— 4 Record Transcutaneous Bilinubin and Review Jaundice h for POC
E
4 traugh PM Convarsation and Result document result in IView > Bill Meter Bilirubin and Serum Bilirubin
Copy Preformed or Directly Admitted
; wia IPMS }
4] 125 [52)
Work Step Work Step Document Work Step ", Decision Work Step
- A

Baby is reviewed and Powemole Place Order and Collect Specimenfor o Docurnent Gestational Age at Birth in Review Jaundice Treatment Graph Baby to be admitted to NNU or Stays o Rewview on Post Matal Ward as

documented. Review Prediciive Serum Bllirnubin and/or Decument Paediatric Growth Powerform for POC Biirubin and Serum Bilirubin on Post Natal needed and Caontinue to monitor

Graph on Summary Page with Bl Billirubin POC in iView reaults and jaundice treatment graph

Meter Results = " 95 .

1] 181 123 [24] ] 137]|
£
3
E Wiork Siep
: =
Refer to Physician/AMNP Admission
Process
1] |
E Work Step Document Waork Step Wk Step Work Step
z - - - -
E] Refiar o NICU Nursing Admission Ensure the Baby has Document Bilinubin FOC in IView &5 Document Phototherapy Care in Rewview Jaundice Treatment Graph
] Process Time of Birth and & Gestational Age IWiew noting the Phatotherapy activity for POC Bllinubin, any Serum
g &t Birth Entered and number of lights Bilirubin, photatherapy activity and
f401 411 sl Bl rmberetlents 4]
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Appendix 13: The NICE Jaudice Treatment Graph from the MN-CMS EHR (using test patient) displaying
treatment threshold lines, point of care and serum bilirubin plotting and phototherapy activity.
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Appendix 14: Impact of an Upgraded Patient Summary Page:
Measuring Workflow Compliance in a Neonatal Electronic
Health Record (Peer-reviewed publication in the Journal of
Informatics Nursing)

Impact of an Upgraded Patient Summary Page:
Measuring Workflow Compliance in a
Neonatal Electronic Health Record

Orla Sheehan, Richard A. Greene, Paul Corcoran, Joye McKernan, and Brendan Murphy

This quantitative study measured workflow compliance following an upgraded electronic health record summary page. Data were collected
using audit log files and analyzed. Some positive improvements were demonstrated for key workflow tasks; significant time savings ond

more structured data entry were observed.

Key Words: electronic health record, EHR, workflow, optimization, neonatal

Health care can generate huge volumes
of data daily (Health Information and Quality
Authority [HIQA], 2017), The delivery of safe
and effective health care can depend on the
availability of accurate and up-to-date data
in a legible, reliable, and timely manner
(HIQA, 2017; Ireland Department of Health,
2013). The entry of structured data using dis-
crete data fields not only standardizes data
entry for direct patient care but also has po-
tential advantages for secondary analysis
and epidemiology research (Bush et al.,
2017). However, direct data acquisition from
clinicians remains one of the largest
obstacles to optimizing the electronic health
record (EHR) (Bush et al,, 2017). This article
describes a quantitative study that measured
workflow compliance following an upgraded
patient summary page in a national neonatal
EHR using pre- and post-measurements of
key users of the neonatal EHR.

Workflows

EHR implementation in the hospital set-
ting can be complex (Boonstra et al,, 2014;
Maguire et al,, 2018). However, it is a neces-
sary part of modernizing health care, enhanc-
ing the availability of patient data for
healthcare providers, and promoting health
equity (Acholonu & Raphael, 2022). The in-
ability of an EHR system to meet the work-
flows of end-users and organizations is often
cited as negatively impacting its success
(Ross et al., 2016; Sligo et al., 2017).

Aclinical workflow is a series of steps en-
acted to perform a certain clinical activity,
such as inpatient admissions to a healthcare
facility (Zheng et al., 2020). In the clinical set-
ting, workflows can be complex and multi-
faceted with numerous interdependencies of
various healthcare teams (Zheng et al,

2020). Creating and adapting both the tech-
nology and work practices in workflow devel-
opment are key factors in implementing an
EHR (Boonstra et al., 2014}, and there is a
need for flexibility in digital change transfor-
mation (Maguire et al., 2018). Suboptimal
workflows will eventually promote users
working around the EHR (Zheng et al., 2020)
and drive EHR dissatisfaction due to usability
issues (Howe et al,, 2018; Zhenget al,, 2020).

Workflow measurement is essential in
assessing compliance. Zheng and colleagues
(2020) recommend measuring workflows by
breaking them down to various tasks and
using time-in-motion studies or audit logs.
Time-in-motion studies can be labor-inten-
sive and subject to individual bias (Zheng et
al., 2020). Whereas EHR system audit logs
are useful for measuring various workflow
activities objectively (Zheng et al., 2020) and
have been successfully validated and used in
previous studies (Karp et al,, 2019; Overhage
& McCallie, 2020; Wu et al,, 2018).

Background

The Maternal and Newborn Clinical Man-
agement System (MN-CMS) is a national
EHR for mothers and newborns in the Re-
public of Ireland, Recently, the neonatal EHR
updated the patient summary page to up-
grade the software and optimize the clinical
information available to users. Software up-
grades are necessary as they allow for new
and improved functionality and/or fix any
known bugs within the software (Goodman
& Miller, 2021). The old and new patient sum-
mary views appear in Figures laand 1b.

The new page was designed to view
structured patient data in a summary format.
Digital healthcare transformation to EHRs
has been slow in the Republic of Ireland com-

pared to the United States, There is typically
an overreliance on free-text clinical notes
rather than structured data entry, such as
problems, diagnoses, procedures, and orders
from medical staff primarily. Furthermore,
this impacts the nursing workflow with an
overreliance on reviewing the medical free-
text notes for plans of care.

The new summary page was designed
using an iterative action research approach
described by Murphy and colleagues (2020)
to encourage a revised review, communica-
tion, and recording workflow. The purpose of
this new patient summary page was to bring
clinical information together and improve the
reviewing and communication across disci-
plines without going further into silos of in-
formation to access data for care decisions.
The purpose of this study was to measure
workflow compliance using key workflow
tasks based on these steps: Review (charts
open, review times, endorsing results); Com-
municate (orders placed, problems,
diagnoses and procedures entered); and
Record (documentation type and times,
number of documents signed).

Aim
This quantitative, descriptive study
measured workflow compliance using pre-

and post-measurements within a national
EHR.

Method

The study population was neonatal users
from one large tertiary hospital (approxi-
mately 7,000 births/year) with a level Ill
Neonatal Intensive Care Unit (NICU) included:
NICU nurses (n=76) and neonatal Non-Con-
sultant Hospital Doctors (NCHDs) (n=29).
Due to the routine NCHD rotation and

34

Journal of Informatics Nursing =

248

www.ania.org - 2023 - Volume 8, Number 4



change-over of personnel, NCHD data were
collated from two independent samples of
NCHDs, one before and one after the
upgrade. Data were gathered 1 month prior to
the implemented change and 1 month after
the change.

This study extracted data from software
audit log files. These files included timing
data related to keystrokes and mouse move-
ments from all EHR users. This data report
captured a user's activity based on category
structures, such as chart review times, doc-
umentation times, orders, problems and di-
agnosis, medication administration, and
general timing in the EHR. Categories are de-
fined in Table 1. An example of the audit log
files for 1 month of a single user for both the
pre- and post-phase are displayed in Figures
2 and 3, where the distribution of EHR time
is displayed in percentages.

Data Analysis

All data with participant identifiers were
removed and imported to IBM SPSS 27 for
analysis {IBM, 2022). For both groups, each
metric was described using means and stan-
dard deviations. Mean differences and their
95% confidence intervals were calculated,
and their statistical significance was
assessed based on p-values derived from
paired t-tests for the NICU nurse dataand in-
dependent t-tests for the NCHD data. Inde-
pendent t-test were used for the NCHD group
because they were two independent samples
before and after rotation changeover, The
significant p-value was set at 0.05 (5%),
meaning a p-value <0.05 was a statistically
significant result.

Some specific metrics such as entry of
procedures, problems, diagnoses, and orders
also were reviewed in total numbers and di-
rectly compared to hospital activity such as
birth rates and neonatal unit occupancy. The
workflows being examined were the routine
daily medical patient review tasks (such as
documentation, placing orders} and the daily
nursing care workflows. Data points varied by
discipline due to the difference in end-user
workflow practices. Nursing workflows focus
on documentation, medication
administration. and some specific orders.
Medical team workflows focus on entering
problems, diagnoses, procedures, placing or-
ders, and documenting medical notes. Work-
flows were subdivided into reviewing,
communication, and recording for each
group.

Figure 1a.
Former Patient Summary Page

Figu

b 20 prevann e vt o o

re 1b.

o

* Review data points being measured for
this study consisted of documentation
and flowsheet review, charts opened, and
endorsing results.

Communicate data points were identified
as those structured entries that would
enhance communication across the
multidisciplinary team, such as orders
placed, problems, diagnoses and
procedures entered.

* Recording data points consisted of
documentation methods, structured and
free-text documentation.

These data points are listed in Figure 4.
Some data points were gathered by running
specific reports against the database, suchas
procedures entry and results endorsement.

A pre- and post-comparison was conducted
between each value for each user.

Results

The NCHD group had a reduction in the
number of charts opened (mean reduction of
301 charts) and the number of documents
signed (mean reduction of 101 documents).
However, this group did display an increase
in problems created (+317%) and problems
reviewed (+250%), albeit from low baseline
levels. There also was a large increase in the
number of diagnoses created (+47%). The
total orders placed showed a mean reduction
of 21.7 orders {36.8% reduction); this was a
larger reduction than the activity reduction
and so does not support an improvement in
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Table 1.
Definition of EHR Functions and Categories as Described by the Log Files

Chart Review Review clinical results, observations, and notes in the EHR broken down by
using different areas of the chart (e.., Mpage, document viewer, flowsheets)

Documentation Recording documentation and creating notes

View Interactive view — contains various data points related to patient care,
observations in a structured and organized way

PowerForm Structured form of data entry at patient level (e.g., admission form)

PowerNote Structured form of medical note with paragraphs containing history, physical
examination, plan of care

Clinical Note Free-text note

Maco Predefined entry selection for PowerNote at paragraph level (e.g., well baby
physical exam)
Writing orders includes various categories (e.g., patient care, diet, consults,

Orders
referrals)

PowerPlan Group of patient orders (e.g., care orders, medications, laboratory, etc.)

P d — : o .

D‘n:l":n:’m Reviewing and updating the patient’s problem list

Other Non-categorized EHR times from specific activities or categories of activities
that are too small to uniquely represent

Care Compass Multi-patient organizer with patient summary and tasks

Administration Documentation of medications administered

Note: The above provides explanations of the log file outputs for each user,

Adapted from Overhage & McCallie (2020)

this data entry. Endorsing laboratory results
from either an inbox or pool was consistently
well managed in the pre- and post-phase.
The NCHD results are presented in Table 2.

The NICU nursing group spent most of
their time in the EHR documenting, with little
variance in the pre- and post-measurements
(see results in Table 3}. Documentation
methods had some reportable changes in the
post-phase with more structured (iView)
documentation (p=0.024) and less free-text
clinical notes use (p=0.003), which would be
consistent with the workflow compliance for
this group. NICU nurses spent 18% of their
time in the chart review measurement cate-
gory, which had minimal variance in the pre-
and post-measurements. However, they had
17 fewer clicks per patient, There was no
change in nurses placing orders, and this data
point remained consistent, displaying noim-
provement. A secondary analysis found sta-
tistically significant time reductions for
nursing time in the EHR with a time saving of
1 minute and 14 seconds per patient
(p=0.037).

Discussion

Few studies from the literature have ex-
amined nursing and medical workflows to-
gether (Lopez et al, 2021). This study
examined both, and findings indicate that
workflows of the nursing and medical groups
were inextricably linked together. The work-
flow measurement following this EHR up-
grade showed a notable increase in problems
and diagnoses entry by senior NCHDs, but
this was not displayed consistently through-
out this group as senior registrars entered
these data more than junior doctors, so they
were not statistically significant.

It has been suggested the use of diag-
noses entry should require specialized physi-
cian training (Quinn et al, 2019).
Furthermore, a lack of face-to-face clinical
discussion of the patient’s diagnoses can lead
to more fragmented data entry in the EHR
(Quinn et al., 2019). Documenting such rele-
vant data points in the patient’s EHR canen-
sure an overall review would be easier and
more consistent for all multidisciplinary users

to gain an updated status on a patient’s con-
dition. The reduced documentation by
doctors may be due to an overall reduced ac-
tivity in the post-measurement phase with
birth rates reduced by 45 births (7.2%) and
neonatal unit occupancy reduced by 19.6%.
The pre phase had a neonatal unit average
occupancy of 35.8 inpatient babies per day
and the post phase had 28.8 inpatient babies
per day which is a reduction of 7 inpatients
babies on average per day in the post phase.
With less patients, there can be less docu-
mentation notes to enter into the EHR, The
reduced post-period order entry was not
consistent with the facility's reduced activity,
however. The ordering process, such as fluid
and diet orders, are still not entered in a
structured format and could be reflective of
the different health systems between Ireland
and the United States-based EHR vendor.
The benefits of using orders and order sets
creates an opportunity for enhancing aware-
ness for the unique healthcare needs of an in-
dividualized patient and can provide an
opportunity for greater collaboration
between different healthcare providers
across the multidisciplinary team (Schor,
2016).

Nursing documentation in the post
phase improved with statistically significant
increase in structured documentation and re-
duction in free text note writing. The nursing
group also had a significant reduction of time
in the EHR per patient. This reduced time in
the EHR was measured per patient and so
was independent of the reduced activity and
occupancy in the facility. Reduced nursing
documentation time using EHRs possibly
may be associated with more time being di-
rected to clinical care (McCarthy et al,, 2019)
and thus highlights the significant benefit of
this nursing time saving following the intro-
duction of this upgrade.

Nursing data entry into EHR systems is
essential in planning care (Atak et al,, 2023)
and therefore, the usability of EHR systems
is a key factor for nurses (Kutney-Lee et al.,
2021; Lopez et al., 2021; Melnick et al.,, 2021).
Poor EHR usability has been associated with
adverse nursing outcomes such as burnout
(Kutney-Lee et al., 2021; Melnick et al., 2021)
and poor patient outcomes such as mortality
and readmission (Kutney-Lee et al, 2021).
Furthermore, excess EHR screen time can
lead to emotional distress, physician burnout,
and reduced patient contact, and may con-
tribute to increased medical errors (Khairat et
al., 2020; Tawfik et al., 2018). It is essential
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Figure 2.
Time in EHR Allocation (Pre-Measurement Phase)

[ Documentation: 84.9%
I Chart Review 17.0%
Bl Care Compass: 6.9%
Bl Moccaton Adminestrabon 4 8%
[ Registraton and Scheduling: 2.6%
I Patient Discovery: 1.6%
[l Other 0.0%
Nerts: 0.7%
I Orders: 0.3%
Discharge: 0.2%
W Mistores: 0.0%
M Provlems and Diagnosss: 0.0%

Note: Example of the audit log for ane user for | month during the pre-r phase; displaying a
breakdown of time distribution in the EHR described in percentages.

Figure 3.
Time in EHR Allocation (Post-Measurement Phase)

[l Documentation: 5 4%
B Chont Review: 15.4%
) Regstraton and Scheduling 0 9%
B Care Compass 6.2%
W Modicaton Admirsstration § 4%
W Patent Dwcovery: 3 7%
W Omer 1%
W Ordors 0.0%
Aorts: 0.4%
Dacharge: 0.3%
[ Pavent Education: 0.2%
B Problems and Diagnosis 0.1%
W ristones: 0.0%

Note: Example of the audit log for one user for 1 month during the post phase; displaying a
breakdown of time distribution in the EHR described in percentages.

that EHR design aims to maximize the clini-
cian’s time spent interacting with and provid-
ing care to their patients (Alami et al, 2022).

Implications for Practice, Policy,
and Research

Practice

Increasing the usability of EHR systems
can have a positive impact on data entry, re-
ducing workload burdens and increasing the
reliability of records (Atak et al., 2023). The
use of audit logs for clinical practice
potentially could provide some excellent op-
portunities for optimization and improving
usability of systems. It could be used to iden-
tify issues and offer users further training
and optimization in workflows.

Policy

Although, there are European directives
on accurate data recording (The European
Parliament and The Council of the European
Union, 2016), Ireland would benefit from local
and national policy guidance in EHR data
entry to improve the reliability of records for
both nurses and doctors who interact with an
EHR.

Research

Although this study contributed greatly
to the quantitative measurement of workflow
analysis, additional research would be bene-
ficial to contribute further to this topic.
Further research using log files from a Euro-
pean perspective would be beneficial rather
thana U.S. comparison based on significantly
different healthcare structures, Additionally,
more nursing data variables are needed to
describe EHR usage across different health
services and countries, such as documenta-
tion times, chart review times, and
medication administration times. In this way,
different nursing specialties can be directly
compared, and optimization plans can bein-
troduced. Further qualitative studies around
attitudes and perceptions of users to
software changes would be beneficial.

Limitations

Unfortunately, due to the prolonged re-
strictions in health care from the COVID-19
pandemic, the training plans for implemen-
tation were dramatically altered to facilitate
learning in a socially distanced way. Users
were provided with a video of the new sum-
mary page's functionality rather than viain-
person classroom sessions. Although
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Figure 4.
Evaluation Points to Quantify Workflow Compliance

*  Documentation
Method
»  Pow
* Clinical Note:

lew (Structured Data

Note: Data points were categorized to quantifiably measure the workflow.

Table 2.
Pre- and Post-Description of NCHD Groups Using the Review, Communicate, and Record Workflow

95% Confidence Interval

of the Difference

Pre Mean PostMean | Mean Change | (% Change) Lower Upper p value
Review
Charts Open 9655 6638 -3017 -313 -5524 =511 0019
Communicate
Total Orders Placed 589 372 =217 -368 -489 56 onz
PowerPlans Selected 155 10.2 -53 -342 -122 17 0132
Orders ~ Consults 43 28 15 -358 -38 08 o182
Orders - Referrals 68 33 -34 -50.8 13 04 0.080
Orders - Diet 0 02 0.2 -01 04 0161
Orders - Patient Care 54 28 25 -469 -47 -03 0.025
Procedures Documented 03 03 00 -6.7 <05 05 0936
Problems Created 17 69 5.2 317 -79 184 0.426
Diagnoses Created 187 275 88 47 179 354 0.510
Problems Reviewed 20 68 49 2508 =91 189 0484
Record
Documents Signed 3023 2010 -101.3 -335 -192.6 -100 0031
Clinical Notes Signed 54 35 -19 -348 -55 18 0.305
PowerNotes Signed 2378 1429 -949 -399 <1673 =225 oon
Macros Used 467 292 -175 -375 -41.7 68 0151
L 3590 4352 762 212 239 1762 o131
Total Clicks per Note 9634 10293 659 68 1326 2645 0505

Note: The data are described in mean values both pre- and post-implementation with the change wdentified in percentage,

38

Journal of Informatics Nursing = www.ania.org - 2023 - Volume 8, Number 4

252



Table 3.

Comparison of NICU Nurses' Utilization of the New Workflow (Before and After)

‘ 95% Confidence Interval

of the Difference ‘

Pre Mean Post Mean Mean Change Lower Upper p value
Review
Chart Review 181% 18.4% 0.3% -11% 17% 0648
Chart Review Mpage 549% 55.3% 0.4% -24% 31% 0785
Chart Review Documents 35.2% 9% -2.3% -5.5% 09% 0155
Chart Review Flowsheets 6.7% 6.5% -0.2% -14% 11% 08n
Chart Review Clinical Notes 13% 13% -01% -0.6% 0.5% 0.850
Chart Review Other 18% 2.3% 05% -01% 1% 0131
Care Compass 41% 45% 04% -02% 10% 0195
Communicate
Consults 02 0.2 00 -02 02 0885
Diet Orders 02 02 -0l -01 00 0.208
Patient Care Orders 03 02 -01 -01 00 0.251
Record
Documentation 632% 61.6% -16% -35% 0.3% 0095
Documentation - iView 96.3% 97.3% 1% 01% 20% 0024
Documentation - Clinical Notes 15% 0.8% -0.7% -12% -0.3% 0003
Documentation - PowerForms 21% 18% -04% -11% 04% 0299
Documentation — Other 01% 01% 0.0% -01% 0.2% 0722
Medication Administration 6.4% 6.7% 0.3% -0.5% 10% 0490
Secondary Analysis
b 13:22 1208 0114 -0224 -00:04 0037
Mo 011905 010353 00151 | -000825 | -ooms7 <0001
Clicks per Patient 266.3 249.2 -170 -349 08 0.061

Note: Data are described in mean values both pre- and post-implementation with the mean change calculated

training completion was reported to be 80%
by the facility, a reasonable recommendation
following this review is that further training
and optimization would be beneficial to both
groups. Users’ knowledge and ability to use
health information technology was not as-
sessed in this study.

Conclusion

The introduction of the upgraded sum-
mary page has demonstrated some positive
changes and adoption to utilizing the EHR
optimally. Post-workflow change analysis
has demonstrated more structured data
entry for the NICU nursing group and a no-

table increase in problem and diagnosis entry
by the NCHD group. Significant time savings
were demonstrated in the nursing group,
which can have positive impacts on patient
care delivery. This study has demonstrated
the useful benefits of EHR workflow meas-
urement by quantifiably measuring tasks as-
sociated with the workflow. ¢
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Appendix 15: Old View of the Neonatal Patient Summary Page

~ | Neonate Summary

ARARIR] w0z -~ OOQ

‘II‘!T Normal view  (EIPrint ¥ 3 minutes ago

Neonate Summary X Discharge X Jaundice Treatment Graph X + B 0 & Discharged [J] Q =.
Neonate Overview [~ “
Delivery Summary H ‘ Days of Life: -- GA at Birth: 32 weeks 0 days PMA: 33 wesks 2 days
Date/Time of Birth: 06/04/2022 14:58 EGA at Birth: 32w 0D Mother’s Age at Delivery: 39
EGA by Ballard: Neonate Outcome: Live birth Maternal Gravida at Birth: 1
Gender: Male Newborn Birth Weight:: 1.1 kg Fetal and Maternal Risk Factors: BMI> 40,IVF
Apgar 1 min: 2 Neonatal Staff Present for Yes Maternal Feeding Type at Delivery: Breastfeeding
Resuscitation:
Apgar 5 min: 8 First Feeding Initiated: 06/04/2022 15:01

m

Apgar 10 min:
Maternal Pathway to Delivery: Spontaneous labour
Delivery Type, Birth: Spontaneous vaginal
Maternal Delivery Category DI: Single cephalic pregnancy

Task Timeline [~)

Day ofll-..ife ; 1D Band Numbér Néwﬁam Hearing Screening Complete Newbom Blood Spot Screening Details '1Congeniml Heart Screening Result >!Hips Dysplasia Exam 1 Newborn BCG Compieted -\frmmin |
10 v v

Flagged Events (0) vital Signs @ | Diagnostics (0) O-
Selected Visit: Last 30 days
Intake and Output Q Measurements and Weights Newborn

o
All Visits: Last 1 weeks Birth Latest Percent Previous
Result Change Result
| p Settings (0) Weight 1.1kg 1.1kg 0.00% 3.1kg
wMeasuememsmd»ss&wnems(o) ||| Length 54cm  54cm 0.00% 54cm
| p Alarm Sattings (0) Head Circumference
 Visits B || | Aterial Blood Gas Resuits (0) ‘ Abdmc ‘f“a‘
E ircumference
Glassification: All | » Venous Blood Gas Results (0) | i —
l Add new as: This Visit \ | » Capillary Blood Gas Results (0)
I3 | The disolaved Blood Gas results must be correlated with the oxvaen source | | (i EErTeg Y ™

255



Appendix 16: New View of the Neonatal Patient Summary Page
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quality of newborn feeding documentation in an EHR using a
mixed methods approach
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care decisions and planning of case. A nuiritional dashboand iz awmilable within the Blectronic Health Recosd
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chartz {n = 158). Descriptive statistics and Pearson’z chi-square were uzed to amesz prepaost differences and
otatigtical significance. The we of a mutritional dachboard wan asieseed wing oyrtem audit logs and analyzed
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Renilts Poat-natal ward babies had improvement in strocmired fesding docomenttion by 91,68 (from 17.9% to
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ttion within the patient’s EHR. can be achisved through a collaborative multidisciplinary approach optimizing
BHF. decign.

Practice implicetions: The benefit of 2 multidisciplinary approach to EHR dezign iz paramount to promoting m-

Infant mitrition has a key role to play in growth and development,
and can have a profound impact on society in terms of reducing obesity
and chronie disease prevention (Food Safety Authority of Ireland.,
201 2). The first year of life iz a period of rapid growth and development
(Food Safery Authoricy of Ireland., 201 2). Infants bom prematurely face
numerous challenger including being wulnerable o suboptimal numribon
(Brennan et al., 2018). Premature infants are born at a criical time of
brain development which can involve some complex amd precisaly
programmed neurodevelopmental events (AamoudseMoens et al |

2008, Sammallabii et al , 2017). This in tum poses a sk to the preterm
brain being vulnerable to numerous insults and concequently leading to
a high incidence of lifelong neurodevelopmental, cognitve, behavioral,
and motor impaitments (Aarmoudse-Moens et al., 2009; Sammallahti
et al, 2017). Numition support can play an important role in the neu-
rodevelopment of the preterm infant (Nava et al., 2024). Early numition
is one of the interventions that can act to modify the development of the
precerm brain and perhaps mitdgate any long term neurcdevelopmental
outeomes (Mava et al, 2024). As the postnatal nutritional support may
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not opimally match the thind trimester intrauterine growth, this can
lead to high rates of faltering growth for preterm infants (Franz et al |
2009} and it &= for thiz reazon that pesmatal nutrittonal support should
be optimized (Franz et al., 200%; Keunen et al., 2015; Otolini et al.,
2020; Schneider and Garcia-Rodenasz, 2017). To assist clinicians in
making decisions around nutritional optimization; having accurate and
timely information ean assist in care planning and nuritional progres-
ziom (Cardin et al | 2023a). Within an Elsctronic Health Recard (EHR),
the uze of data to exiract information and develop into knowledge to
support clinical decision making, is deseribed as a enitical success factor
for an organization (Oliveira et al., 2005). Some slements of clinical data
are routinely uzed to quide clinical care such as measurable attributes of
blood pressure, heart rate and temperamme. Nutritdon and grownth akso
need o be closely monitored to overcome any nuiritional deficis during
nuitritional to enteral nuiridon (Brennan et al., 2018). Real life chal-
lenges have been identified around data quality in clinical organizations
attempring to extract data in reladom to newbom feeding
(Garcia<de-Ledn-Chorano et al., 2015) and highlight the need for the
EHR to show an accurate view of the real clinical simation of patents
(Garcia+le-Ledn-Chocano et al, 2015; Liaw et al, 2013). Systematic
accurate data quality (Weng etal., 2012). The dimenzions of data quality
vary and include accuracy and reliability, timeliness, coherence,
accessibility, and relevance (Health Information and Quality Authority,
20018). The quality of dat input can srongly influence the quality of the
results (Oliveira et al., 2005; Santler and Box, 2001) and interpretation of
data into knowledge. Since the beginning of modem mirsing, murzing
data have been the most potent source of data for planming and
improving the quality of care (Awak et al, 2023). The imporanee of
documenting newbom feeds can contribute to the plan of care and
promotes consiztency and safety of the infant (Cardin et al., 20230). The
benefits of careful documentation regarding the quality of the feed can
communicate the infant’z progress to the wider interdisciplinary team
and has been identified as a crucial aspect of eare (Cardin et al., 2023a).

Joesmal of Meomaal Nersing 2oor {(a000c) 200
1. Background

The Matemal and Newborn - Clinical Management System (MN-
CMS) is 2 national project implementing a single national EHR for ma-
ternity and neonatal services in Ireland (eHealth Information and
Quality Authoricy, 2013). With a national birth rate of 57,540 in 2022
{Ceniral Stastistics Office, 2023), MN-CMS currently supportz 408 of
the birthe in Ireland, in 4 matemicy hospitals,units, with a plan o
implement to all 19 maternity wnits in the country (eHealth Ireland,
201Z). The MN-CMS pewborn EHR contains various data points an
newbom feeding for both well babiez on post-natal wards and babies
admitted to the Meonatal Intenzive Care Unit (NICU), complated by the
midwife and NICU nurse. The MN-CMS project was instrumental during
the EHR design in developing a nutritional dazhboard for infanes which
provides a graphical dizplay of daily intakes consisting of nutritous and
non-nuiritous parenteral fluids and enteral feeds. The enteral graph of
the nutritional dazhboard iz populated by the feeding dat entries in the
EHR. (See Fig. 1]. The nutridonal dashbeard displayz enteral feeds bazed
on feed type (breasomilk or formula) and by method the milk was
received (teat or mbe). Thiz graphical dizplay of feeding progress has the
potential to enhance feeding and nutrition review for the entire muolt-
dizciplinary team and contribute to the knowledge to support clinical
decizions, however due to data quality issues based on feeding input, the
graphical dizplay is sometimes unreliable. The well poct-natal ward in-
fants also have inconsiztent feeding documented in their EHR az a dual
paper process is maintained. This cawses difficulties in reviewing feeding
progresz particularly if care is transitioned when transferred from
post-natal ward to the NICU due to numerous duplicated data felds.
Thiz mixed methods rezearch study aimed to review the current work-
flows to change the systematic format of feeding data entry within the
EHR. for post-natal ward and MNICU babies, to enhance compliance with
the data completeness and correctmess. A consiztent data enoy format
was developed for all users to inpur all infant feeds. All changes to the
national MN-CMS system were carried out in accordance with the smict
change control pathways in place.

Doyof U 13 dmy Weabom Reth Waight: <230 Wght Changa 0§
Peit Masitrual g 11 &7 wieikd Wight Meaired 3 by W Doiing 51 kg
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Fig. 1. NICU Nutritional Dachboard view dizplay enteral intake with breakdown of Peed type and feading method.
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Thiz smdy proposed to 1) improve the dam quality in relation to
newbom feeding for well healthy newboms on post-natal wards and
thooe admirted to the NICU and 2) improve the utilizaton of the NICU
Nutritional Dashboard.

3. Deslgn and Methods

Ethical approval was granted for the inclusion of all four hospitals in
thiz study who utilize the EHR amd from the project’s nformation
governance group. Separate ethical approval was granted for Site A and
B (ECM 4 ic)), Site C (REC-2022-007) and Site D (EC17.2022). Three
hospitals were tertiary referral sitez with Lewel [ NICUz (MNeonatal
Intensive Care Unirs), and one site was a local matemnity unit. Qualita-
tive and guanfitative asressment evaluatons before and after the
development and implementation of the changes in EHR data were used
to evaluate the revized dam entry format for all users to inpue all infant
feadsz.

21 qualimtive

For the qualitative ascessment, a purposive sample of subject mater
expartes were inchided and therefore establizhed the multdizeiplinary
expert group, with representation from all relevant disciplines who use
the EHE daily and members of the natonal project team Foriy-one
participantz were invited to take part In total 38 participants engaged
in the group and signed a voluntary consent to participate in the soudy.
The zample represantation (n = 38) iz displayed by discipline in Table 1.
There was a larger number of murses and midwives than there were
medical, dietetic, lactation consultants for example but this mirmors the
ztaff mix in the clinical care. The expert group was coordinated by the
first author who iz the NICU workstream lead for the MN-CMS project
and has an in-depth knowledge of the EHR.

‘This expert group was uzad to kentify the current izsues and “sticky
pointz” aroamd poor data enoy for all infantz both on post-natal wards
and NICU. They were inctrumental in deciding the EHR change: to
improve the dam capture. Due to COVID19 restrictions in healtheare
facilities, the group met via teleconference on five occasions lasting for
1 h each. Sersions were recorded and a mranceripe generated from the
teleronference application. These transeripes were verified by the lead
authar, who was the coondinator of the group sessions. The frst session,
which had a wide reprezentation of all disciplines aeross all 4 sites, was
uzed to undersiand the cument workflow: and izsues identified ffom
warious perspectives. The subsequent sessions had various members at
different times who contributed to the fnal design of the EHR feeding
entry and review changes. Not all members were prezent for all sessions
but there waz alwayz good multdizciplinary representation. The ques-
tions explored with the group for the initial meeting were as follows.

1. What waorks well for infant feeding input and reviewing?

2. Whar does not work well for infant feeding impur and review?
3. What would make data entry eazier?

4. Do you use the NICU Numitional Dashboard?

Table 1

E .. 1 by discipline.
HICU Murses 5
Midwives 13
Meozatalogy Consultants 2
Menpatal Mon-Consultant Hospital Doctors (NCHD) and Advanesd Nurse 2

Practittoners (ANF)

Dietitians a
Lactation Cossultants [

Madosal Project Team 7

38

Total

doarmal of Meonaal Nursing xooe (30000) oo

a. If so, what do you like about it?
b. If not, why do you not use it as a review oool?
5. What would help with the review of infant feading?

3.2 (Ii} quantittive

The dam quality and completeness were quantitatively assessed by
reviewing newbom EHR. data for inpatient newboms in the four hos-
pitals included in thiz sdy. Dara were collected for a 24-48-h period
looking at the feeding entry of newbom inpatdents, receiving nutritive
milk feeds (=40 mlz/lkg/day), on a selected date to ob@in pre and post
measurements. The sample size was calculated w detect a 208
improvement in data eniry for both NICU babies (n= 188) and the post-
natal ward babies (n = 134). The :ampling method was convenience
sampling of newbom inpatients in the NICU or post-na@l wand. There
wWas a separate pre and post sample cohort for both groups, the NICU
group had 94 pre and 94 post and the post-natal ward group had 67 pre
and 67 post The post data was collected approximately two months
after the changer were implemented. Key data entry for accurate pop-
ulation of the nutridonal dashboard were idenrdfied uzing the di-
mensions of quality based on the Health Information and Quality
Authority (HIQA) framework (Health Information and CQualicy Author-
iry, 2018) as the primary measure of completeness. The dimensions of
data gquality are accuracy and reliabilicy, timeliness, coherence, acces-
sibility, and relevance (Health Informaton and Quality Authority,
201Z). When each of these dimensions were met-the dam quality was
considered complete and accurate o populate the nuiritional dash-
board. These are displayed in Table 2 with an example of the EHR data
entry to achieve the dimensions of data quality.

Additional data points were also capured and compared in the pre
and post phase. Data were analyzed using SPSS 28 using descriptive
statisties of eross tabulaton and Pearson’s chi-zquare test ascessed the
pre-poct difference and satsdcal signiffeance. Significance was set at
5% (0.05) meaning that a p valve of < 0.05 was significant. The uze of
the nuiritional dashboard was evaluated by extracting data log fles from
the EHR databaze to evaluate the number of times a user launched the
muridonal dashbaoard page to open the graphical display. The statistical
software program, Stata, was used to assess the launches per day and the
cumulative launches over the 7-day period. Poisson regression tests
were used to azsess the pre-post change.

4. Results
41. Qualimtive

The qualitative data analysiz was based on the Braun and Clarke
(2006 G-step process of familiarization of the data, generating initial
codes (descriptive codes), searching for theme:, reviewing themes,
defining and naming themes and fnally producing the report (Braun and
Clarke, 2006). Using thiz thematic analyziz, the researchers identifiad
three overarching themes of 1) Complex data enty 2) difficuley in
reviewing the data and 3) an unreliable nutritional dathboard. The
ourputs from the expert group consulttions vared by each of the dis-
ciplines based on their different work practces and their need to either
anter or review the information

Table 2
Dimengions of Data Quality and BHR sntry examples.
Dimessions of Dam EHH Data Entry
Quality
Acruracy and Appropriste feed dutn entered & g, fred type, feed method,
relishility feed volume etc.,
Timeliness Coarect time column estry
Coberence Clearly entered using discrete data entry
Acressibility Completed in the correct feeding sertion

Relevance Entry completed per feed
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4.1.1. Complex datn entry

NICU Murses and post-natal ward midwives, in particular spoke
about how complex the feeding documentation was and how it was dme
consuming. They commented on how there were often too many options
for warious feeds, and they often don't separate different feed types on
data entry as thiz iz too cumberzome. The NICU nurzing group fele the
data eniry was too complex {pardeularly with mulgiple feed types) with
too many opton: and difficulily in seeing the total volumes per kilogram.
per day (mis/kg/ day). NICU nurzes also referenced multiple data entry
pointz duplicated when newboms were moved from post-natal ward
care to MICU care.

“When a baby iz moved from the wards to the neo thare iz a fesding
method newborn and feeding method NICU to complete but 1'm only
feeding the baby once!™

WICU Nurze, Site A

Murses felt the data entry was complex and frustrating o enter
correctly in separate time columne as designed. Nurses also commented
that for some documentadon-they had no strucmured data entry space to
add thiz information such as “a reason formula was given'.

Midwifery staff on the post-natal wards either did not enter souc-
tured data in the EHR or maintained a dual system of paper feeding
charts which were either scanned into the EHR. or transeribed in. They
mentioned that it was too time consuming to do and they would enter
data often at the end of a shift

“We get the mums o write down the feeds for the day amd then we
put them in the chart (EHR) at the end of the shift™.
Post-natal wand Midwife, Site D

4.1.2 Diffirulty in reviewing the date

Distifiane, lacmtion Consultants and Medical staff in partienlar
found reviewing informarion was difficulr. Complex feeds with additives
weere difficult to review and users often clicked through 2448 h of
feeding data rather than seeing an overall summary picture.

“The review of feeding iz problematic to look atit ara glance and zee
24-48hrz — vou need to click through iView just to get an idea of
what's happened.”
Neonatologist, Site D
The dietitians also noted difficulty finding the frst feed and that
there was a lack of information around the first breastmilk or buecal
breasomilk adminisoadon. Neonatologists, NCHD:= (Non-Consultant
Hoszpiml Doctors) and ANPz cited difficulty in reviewing the information
and inability briefly to see the “key frsts” e.g., frst feed, first breasomillk
Lactation conzultants voiced concerns aroumnd key national reports and
the difficulty in gathering information for these reports due to the poor
data completeness of newbom feeding and often newbom charts didn’t
even have scanned feeding chartz.

“Sometimes you'd find a feeding chart zcanned in (to the EHR) and
Lactation Consultant, Site A

4. 1.2 Anunrelinble mutritional dashboard

Distidans and medical staff cited rarely reviewing the Nutritional
Dashboard due to perceived imaccuracies of the dizplay. They did
aclnowiedge the Nutritonal Dashboard had potential for reviewing the
intake and tracking feeding progress, however due to inaccuracies it was
unreliable, and they lacked trust in it

“The dazhboard really hasz great potential to review the intake and

rack the progress but again there's too many entry options for all the

different feads and combined feed are problemaric and thiz makes

the dashboard roo inaceurate to rely on _..."

Dietitian, Site C
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Dietidians noted that the complex amd combined feeds were difficult
to order and to review, the complex feed enry was often inaccurate
leading to inaccuracies in the nutrifional dashboard which could have
immense potential if accurate. The medical group found thar the
nueridonal dazhboard was “just not rdght or correct™ for use on ward
rounds or presenting patients a= the data entry was probably not cormect
in the frst place.

Following the group review amd in efforts to redesign the current
feeding entry, work began as outlined below amd followed a similar
format as deseribed by Surton et al. (20200, The EHR. provided two views
— one for midwives for the post-natal ward baby and one for the NICU
staff and the zick neomatal baby with often duplicated data entry points.

1. A side-by-zide analyziz was made of both views and a comparison
waz made to determine which data elements were consistent and
which were duplicated.

2. Common and essential data points were identified, aligned, and

eliminated if deemed not essental to capture.

Responses to the duplicates were aligned to provide consistency.

. Maore conditional logic was built into responces ie, based on the
selecdon of responses, additional relevant responses would open

5. New data capture was agreed for inclusion e.g., reason for formula
feeding, type of breastmilk and adminiztering buccal breasomilk and
an ability to recard the mis/%g/day per feed.

6. Commonality of the design was decided amd agreed by the
stakeholders.

7. A new Howcheet was built for the purpose of reviewing all the
feeding data in one place.

8. The agreed design was built in the pre-production (test) environment
amd demonstrated to the group.

o

Following a detailed demonstration to the group, some minor design
adjustments were made, and the group identified some key encourage-
meant poines in promating this to the end users. An implementadon plan
was developed with the group for each of their sitez The stranegies
identified for implementation were training, identifying champions and
communication via newzletterz and memes. Two short information
iraining videcs were developed for the data entry for midwives (5.5 muin)
and for the NICU nurses (6.5 min) and disoibuted to nominees on each
site to disseminate along with a quick reference guide Each group
member was identified as champions for thiz change and provided
support and encouragement to end uzers. The fnal design was built into
the live environment at an agreed time onece training was complete and
memos were distributed to the users.

Omce the design was complete and agreed, the expert group were
asked what could encourage adoption of the new changes. The group
mentioned that users had been azking for changes and these should
represent their requests for change and malke it eazier to enter feeds and
capmure all the required information. A member of the national project
team highlighted that every padent has a fght to aceurate data being
recorded in their EHR

“Every patient has a right to daa accuracy ....and they should have

comect information around care being recarded ™

Member of the Natonal Project Team of MN-CMS

A doctor noted that we need to stress the why we are doing thiz:

* ... the key iz almost to shot with the wihy, wiy are we muaking thiz
change at ail? It's to try and make it better and, and bring our care more
centered around one of the key things that as all health care providers ...
[hat] we do for babies, which s to nowrish them and fo do it in a way that
doesn’t matter where the baby is . the mother and baby and wherever
they are in their feeding fourney and in their care jowrney in the hospinal ™

Meonatologist, Site A



4.2.1. Postnatal ward newborms

For the posmatal ward newboms, the overall completed soucmred
data enTy across the 4 sites increased from 17.9% to 34.3% chowing a
statiztically significant increase of 91.6% (p = 0.031). The cumnplative
resulis for the post-natal ward data entry are displayed in Table 3. There
was also a no@ble increase in key structured data points of feed pe and
aral volume with increases of 30.4% and 123.5% respectively. Although
the aim of thiz smdy was o improve the souctured da@ entry, some
post-natal ward staff documented newbom feeding in an unsouctured
way by fee text notes or handwritten feeding charts scanmed into the
EHE. Az these captured newbom feeding, they were accounted for in the
data collection as other documented feeding records for newboms.
Owerall, across four zites, the other feeding documentation increased by
G3.4%:-68.7% of the zample having some feeding documented in their
EHER. The new data changes included the rezson for formmila feeding and
thiz was completed in 85% of applicable cazes for post-natal ward
newboms having previously not been captured.

The souctured data completenezz for each site is displayed in
Table 4. Only one individual zite (DY) showed a significant improvement
which waz not, however, demonstrated acrozs all four zites.

4.2.2 NICU newborns

The NICU chart review across the 4 hospiml sitez showed a data
completeness to populate the nuitritional dashboard significantly in-
crease of 25463 from 72.3% to 90.4% (p = 0.001). The NICU data points
collected following the chart review are dizplayed in Table 5 and dizplay
the cumulative results of data completion acress all 4 hospital sites.

The individual zites are displayed in Table 6. Three zites (A, C and D)
showed an increaze in completenes and one st (B) remained stadc.

The Feed Type data entry point iz especially impartant to capture az it
allowe the categorization of feed types such as breasmmilk, term formula,
preterm formula ete. in the reviewing process of mumidonal intake.
Overall, across the four NICUs thiz data point improved, increasing by
19.7% with smristeal significance (p = 0L.007). The individual sites are
displayed in Table 7. Site A chowed an increaze in thiz feed type data
point from 708 wo 93.3% in the post phase, am increaze of 33%
completeness (p=-<10.02). Thiz data point was noted az being problem-
atic in cazes of complex feeds or with more than one feed type being
administered such as combinations of breastmilk and formula.

The feeding method (.9, via botte teat or tube) data entry was often
duplicated in the pre phame however accuracy and completeness
increazad by 32.5% ower 4 sites (p= < 0.001) with the new design. New
data entry captured in the post phase such az, the reason for formula
feading, was recorded accurately across all 4 sites in 66% of relevant
«cazes having not been recorded previously in a structured event s=t. The
type of breastmilk (fresh or refrigerated or previously frozen) can now
be captured for newbom feeding and was done 5o in 56% aof relevant
CADES.

4.3, Nutritional Dashboard
There waz a 5.7% reduction in launches of the nuiritional dashboard
Table 3

Cumulative dats complateness recules of the four hospitals and the individual
data pointz collected for the poot-noal wasds.

Pre(%)  Post (%) Change (%) FValve
Eeed Type 194 35 <404 o7
Oral Volume 164 0.7 L1zmE o4
Eeading Method 259 433 448 w106
Formula Type 164 =1 ] 210,001
Feed Tolerance 4TE 8.6 BEE «i.001
Strictured Data Complete 179 34.3 L6 wos1
Other Documentation 41.E %] B34 o0z
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Table 4
Individual zsite data quality compliance for completed structured dats entry far

Site Pre {98 Poat (%) Change (%) F Walue

A o 5 KA 0211

B 40 B0 + 50 o03n

[ 105 158 $+BOLE [eEsch )

[ +] I B4 +116.5 ooz
Table 5

Cunmlative data completenes: results of the four hospitals and the individual
dams poing collactad for MICU.

Pre [36) Past (%] Change (%) P Valve
Feed Type 755 0.4 L197 apo7
Oral Volums 938 100 Y] Lot
Tube Vodume a1 100 +9.9 Lt 1)
Feeding Method 4.9 BLZ +328 -OL000
Farmula Type 4.5 54,1 a3 0,00
Addizives 82313 BT ] 0415
Feed Tolerane 8.9 T34 + B0 -OL000
Fead Ovder 4Lk Bhk ars 0z
Fluid Order LiE B} 183 104
NO Complete T3 0.4 + 15 Ll ]

Mote.
* MND refers to the Nutritional Dachboard and all data inputted into the EHR

Table 6

Individual zsite data quality compliance to populate the mutritional dachboand.
Siie Pre {9 Post (%) Change (%) P Value
A o 933 $33.2 =002
B Fy Fy o 100
[ e 90 +173 (iR 2]
[ +] o o0 286 0053

Table 7

Individual zsitez to populate the Peed Type hisrarchy acourately.
Site Pre (%) Pt (%) Chazge (%) P Value
A Fo 33 +333 <002
B T5 T5 o 1.00
[ B33 L +B 0448
[+] Taa a0 + I8 s

overall across the four hospitals in the post period which was not sta-
tistically significant (p = 0.115) and may aceount for zome usual vari-
adon. Reviewing each hospital separately, hospical A had a significant
reducdon in launching the page with a 23. 7% reduction (p=<0.001)
Hoepital B, albeit with zmall numbers had a 45% increaze in usage (p=
0.339), heepital € had a 5.5% increase (p= 0.272), and hospital Dhad a
12.6% reduction (p = 0.173). Thiz iz dizplaved in Fig. 2 below.

The launching of the page by posidon showed an inerease by NICU
Murzez of 8.2% (p = 0.119) and dieddans by 15.28% (p = 0.247) and
significant reduction by medical staff by 24% (p=-0.001). Other pogi-
tions are reprezented n Table & amd graphically displayed in Fig. 3.

5. Discussion

Thiz study aimed to improve newbom feeding documentation within
an EHR and began by exploring the redesign of newbom feeding data
eniry using a multidisciplinary approach. Our study identified that users
found the newbom feeding data entry complex and tme consuming to
complete, with some duplication and having too many options to com-
plete. Likewize, the review of information was problematic due to the
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Mutritional Dashboard page launches per hospital

000

§

4

o

Site & Sile B

Hoaptal

Sia C

Group

WP
W Fost

Sile D

Fig. 2. MICU Nutritional Dachboard page lamches by hoopital cite chowing both pre and post.
Mote: Site B iz a cooaller umit and hac the lowest number of births par pear howsner Sitso 4, B and C are comparable tertisry zites.

Table &
laimches, % difference, Confidence Intervalz (C1), and p value.

Position Pre Fost % Change a5% Cl P Valoe
NICU Murse 758 €20y +8.2 o5e 119 a.119
Medical 520 Nz 24 .66 .36 <0.00
Ivetitian 1Z5 144 +152 .51 1.46 0.247
Lactation Consaltant 1B 12 323 03z 1.38 a.xrr
Pharmneist Bl 44 a a.49 1.0 T

complex data enoy and gathering narional reports was diffieule as the
information often could not be found or was not entered in a structured
format We used the key contmibutions of the multidisciplinary team to
redesign the newbom feeding; to reduce the complexity and duplicarion
for users and uldmately improve the data quality of the newbom
feeding. The improvement of data quality was observed across the NICU
and the post-natal wands. The second aim was to improve the use of the
nuiritional dachboard by all users and although the uze did not show a
general improvement, NICU nurzes” uze of the dashboard did show an

improvement. Thiz functonality may need more educaton and cham-
pionz @ promote it use. The confnuing improvement of data
completeness of the feeding data entry will encure more accuracy of the
dashboard and may improve users owerall trust of the dachboard for
clinieal use. Changes to documentation within an EHR have implicatons
for accuracy, efficiency, user satisfaction, and wodkflow (Wilbanlks et al |
2012) which were positively demonstrated in this soudy. The key data
poines of feed ype and feed method improved in accuracy due o
alignment and reduced duplication of the data entry. Aceurate data
entry through thoughtful and detailed documentation can provide in-
formation thar promotes contimicy of care for newbom feeding (Cardin
et al, 2023a). Some studies identify poor data quality in feeding docu-
mentation az a limitation of their sdy (Cardin et al, 2023b; Healy
et al, 2023). This study has soeamlined feeding data entry, reduced
duplication, and improved da@ completeness which will be beneficial
for clinical review, quality improvement, audit and research. The po-
tenfial of uzing structured data from EHRs iz the core of improvements in
healtheare (Goldacre amd Maorley, 2022) and nurses are seen as an in-
tegral part of the team in improving data quality and data obtained by
nurzes in EHRs have become the most crucial source in planning care

Mutritional Dashbeard page launches by role

i

Murrber of pages launches

E
ot

T Hurss e Chstitian

Lax
Co

Group
W Fre
WEosi

chafion  Phammacist

nguilant

Fig. 8. MICU Nutritional Dashboard page Iaunches by user roles across all four hoepital siten.
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(Atak et al, 2023). With the correct and proper analyziz, az undertaken
in thiz soudy, improvements can be realized in quality, safety, and
cost-effectiveness of care across the entire health zervice (Goldacre and
Morley, 2023).

6. Limltations

Limitations of this study included a convenient sample from the four
by a criminal cyber-attack on the Irizh health service data infrasoructune
and delayed the overall implementation of the changes from the inidal
muldiscinli group ing.

7. Implicatons for practee

Thiz study has contributed positively to iImproving data complete-
nes around newbormn feeding. The benefit of a mulddizeiplinary
approach to EHR deszign iz paramount to promoting superior qualicy
data entry compliant with individual workflows. Further education,
training, and awareness of the benefits of the nutridonal dashboard is
neaded.

8. Implications for research

‘The establishment of an expert multidisciplinary group is eszential in
the design of the EHR. a5 each member has a unique viewpoint based on
their individual werkflows and wses of the EHE, be it data entry or data
review. (Jualitative rezearch makes an important contribution for EHR
design and optimization.

9, Implications for policy

Although the Irizh Medical Couneil (IMC) gives some guidance to
medical staff on recording accurate, timely, and up-to-date medical re-
cords in either paper or electronic form, the Nursing and Midwifery
Board of Ireland (WMBI) give guidance only pertaining to paper recards.
The NMEL who provide professional guidanes to nurses and midwives,
advize regular documentation of narrative notes to document patient
care and progress (NMEL, 2015). These guidelines are relevant to paper
reconds but do not support nurser recording clinical structured data in
EHR:=. A key recommendation from thiz study is that the nursing and
midwifery professions need professional guidanee for recording elimical
care in a souemured elecronic format @ health serviees embark on
digital rancformation.

10. Concluslon

Data completenes: significandy improved across all four hospitals
for newbom feeding in a nadonal newbom EHR. Accurate recording of
feeding can commmumicate the newbom's progress across the multidiz-
ciplinary team This study has positively demonstrated that a collabo-
rative multidisciplinary approach can improwve EHR design amd data
quality through more accurate and complete data in the patent’s EHR.
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Appendix 18: Consent and Participant Information Leaflet for

Site Aand B
UCC

Colaiste na hOllscoile Corcaigh, Eire
University College Cork, Ireland

Information Sheet and Consent Form

Thank you for considering participating in this research project.

The aim of this study is to improve the EHR data quality in relation to newborn feeding for
both well healthy newborns and those admitted to the NICU and to improve the utilisation
of the NICU Nutritional Dashboard within the EHR. Should you choose to participate, you
will be asked to join an expert group. Participation in this study is completely voluntary.
All of the information you provide will be kept confidential and anonymous by the

researcher in any subsequent publication or dissemination.

This expert group will be coordinated over Microsoft Teams and will be recorded. The data
will then be transcribed by the researcher, and all identifying information will be removed.
Once this is done, the audio-recording will also be deleted and only the anonymized

transcript will remain. It is expected to take at least 3-6 call for 60 mins each.

This study has obtained ethical approval from the relevant Ethics boards associated with

each Hospital/Hospital Group.

If you have any queries about this research, you can contact me at

orla.sheehanl@hse.ie or Brendan.murphy@ucc.ie

If you agree to take part in this study, please sign the consent form overleaf.
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Colaiste na hOllscoile Corcaigh, Eire
University College Cork, Ireland

Consent Form

Lottt et s agree to participate in Orla Sheehan’s research study.

The purpose and nature of the study has been explained to me in writing.

| am participating voluntarily.

| give permission for my expert group with Orla Sheehan to be audio-recorded.

| understand that | can withdraw from the study, without repercussions, at any time,

whether before it starts or while | am participating.

| understand that anonymity will be ensured in the write-up by disguising my identity. |

also undertake to maintain the confidentiality of the group.

| understand that disguised extracts from the expert group may be quoted in the thesis

and any subsequent publications if | give permission below:

(Please mark one box:)

| agree to quotation/publication of extracts from the expert group

| do not agree to quotation/publication of extracts from the expert group L]
Signed: (DF: | (=L
PRINT NAME: e
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Appendix 19: Consent and Participant Information Leaflet for

) Uucc

Colaiste na hOllscoile Corcaigh, Eire
University College Cork, Ireland

Information Sheet

For an Expert Group participation in a study entitled

Improving Data Quality of Newborn Feeding in a maternity hospital
EHR

Thank you for considering participating in this research project.

The aim of this study is to improve the Electronic Health Record (EHR) data quality in
relation to newborn feeding for both well healthy newborns and those admitted to the
NICU and to improve the utilisation of the NICU Nutritional Dashboard within the EHR.
Should you choose to participate, you will be asked to join an expert group. Participation
in this study is completely voluntary. All of the information you provide will be kept
confidential and anonymous by the researcher in any subsequent publication or

dissemination.

This expert group will be coordinated over Microsoft Teams and will be recorded. The data
will then be transcribed by the researcher, and all identifying information will be removed.
Once this is done, the audio-recording will also be deleted and only the anonymised

transcript will remain. It is expected to take at least 3-6 call for 60 mins each.

This study has obtained ethical approval from the relevant Ethics boards associated with

each Hospital/Hospital Group.

If you have any queries about this research, you can contact me at

orla.sheehanl@hse.ie or Brendan.murphy@ucc.ie

If you agree to take part in this study, please sign the consent form.
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B ucc

M Colliste na WOBcoie Corcaigh, B
weorsly Colooe Cork, ok

PARTICIPANT CONSENT FORM

Study title: Improving data quality of newborn feeding within a maternity hospital EHR

Researcher: Orla Sheehan and Dr Brendan Murphy

E-mail: orla.sheehan1@hse ie and Brendan. murphy@ucc. ie

| have read and understood the Information Leaflet about this Yes OJ Mo O
research project. The information has been fully explained to me.

I understand that | am participating voluntarily in this study and that | yes O No O
| can opt out at any time. | understand that | don’t have to give a

reason for opting out.

| give permission for my expert group to be audio-recorded. Yes O Mo O
I understand that anonymity will be ensured in the write-up by Yes O No O
disguising my identity. | also undertake to maintain the

confidentiality of the group.

I understand that disguised extracts from the expert group may be Yes OJ Mo O
guoted in the thesis and any subsequent publications

Participant Mame (Block Capitals) | Participant Signature | Date

To be completed by the Principal Investigator or nominee.

I, the undersigned, have taken the time to fully explain this study to the above participant. |
have invited them to ask questions on any aspect of the study that concerned them.

Mame (Block Capitals) | Qualifications | Signature | Date
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Appendix 20: Consent and Participant Information Leaflet for
Site D
Information Sheet

For an Expert Group participation in a study entitled

Improving Data Quality of Newborn Feeding in a maternity hospital

EHR

Thank you for considering participating in this research project.

The aim of this study is to improve the Electronic Health Record (EHR) data quality in
relation to newborn feeding for both well healthy newborns and those admitted to the
NICU and to improve the utilisation of the NICU Nutritional Dashboard within the EHR.
Should you choose to participate, you will be asked to join an expert group. Participation
in this study is completely voluntary. All of the information you provide will be kept
confidential and anonymous by the researcher in any subsequent publication or

dissemination.

This expert group will be coordinated over Microsoft Teams and will be recorded. The data
will then be transcribed by the researcher, and all identifying information will be removed.
Once this is done, the audio-recording will also be deleted and only the anonymised

transcript will remain. It is expected to take at least 3-6 call for 60 mins each.

This study has obtained ethical approval from the relevant Ethics boards associated with

each Hospital/Hospital Group.

If you have any queries about this research, you can contact me at

orla.sheehanl@hse.ie or Brendan.murphy@ucc.ie

If you agree to take part in this study, please sign the consent form.
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Explicit Consent Form

Reference Mumber: Protocol Number:
Title of Study: Improving Data Quality of Mewborn Feeding in @ maternity hospital EHR
Patient / Respondent Identification Number for this research

Mame of Researcher: Orla Sheehan and Dr Brendan Murphy

1. | confirm that | have read and understood the information leaflet for YESI WO
the above research study and received an explanation of the nature, purpose and
duration of the study.

2 | understand that my participation is voluntary (my choice) and that | am free to

withdraw at any time withouwt legal rights being affected. ¥YES [0 NOOC

3. | am willing to participate in the expert group for this study and | understand the expert
group will be audio-recorded. ¥ES O NOO

4. | understand that anonymity will be ensured in the write-up by disguising my

Identity ¥ES O NoO

5. | understand that disguised extracts from the expert group

may be quoted in the thesis and any subsequent publications ¥ES O NoO

| agree to take part in the study.

MName {in block letters) Date Signature
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Appendix 21: Consent and Participant Information Leaflet for
Site A; Qualitative Post Analysis Focus Group

Information Sheet and Consent Form

Study Title: Improving the quality of newborn feeding documentation in an EHR- a post

change qualitative review using a focus group

Thank you for considering participating in this research project.

The aim of this study is to undertake a post-review of the implemented changes in relation
to newborn feeding for both well healthy newborns and those admitted to the NICU and
to understand the use of the NICU Nutritional Dashboard within the EHR. Should you
choose to participate, you will be asked to join an expert focus group. Participation in this
study is completely voluntary. All of the information you provide will be kept confidential

and anonymous by the researcher in any subsequent publication or dissemination.

This expert focus group will be coordinated over Microsoft Teams and will be recorded.
The data will then be transcribed by the researcher, and all identifying information will be
removed. Once this is done, the audio-recording will also be deleted and only the
anonymized transcript will remain. While anonymity within the group is not possible, what
is discussed within the group and who is present must remain confidential. It is expected

to take one call for approx. 45- 60 mins.

If you have any queries about this research, you can contact me at

orla.sheehanl@hse.ie or Brendan.murphy@ucc.ie

If you agree to take part in this study, please sign the consent form overleaf.
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Consent Form

Lottt e e agree to participate in Orla Sheehan’s research study.

The purpose and nature of the study has been explained to me in writing.

| am participating voluntarily.

| give permission for my focus group with Orla Sheehan to be audio-recorded.

| understand that | can withdraw from the study, without repercussions, at any time,

whether before it starts or while | am participating.

| understand that who is present in the group and what is discussed in the group must

remain confidential.

| understand that anonymity will be ensured in the write-up by disguising my identity. |

also undertake to maintain the confidentiality of the group.

| understand that disguised extracts from the focus group may be quoted in the thesis

and any subsequent publications if | give permission below:

(Please mark one box:)
| agree to quotation/publication of extracts from the focus group

I do not agree to quotation/publication of extracts from the focus group

Signed: e (DF: | (=L

PRINT NAME: s
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Appendix 22: Topic Guides

Pre- Implementation Topic Guide

1. What works well for infant feeding input and reviewing?

2. What does not work well for infant feeding input and review?

3. What would make data entry easier?

4. Do you use the NICU Nutritional Dashboard?

5. If so, what do you like about it?

6. If not, why do you not use it as a review tool?

7. What would help with the review of infant feeding?

Post- Implementation Topic Guide

e Introduction:

O
O
O

Introduction to the study

Signed consent forms

Background to study and update on results/outcome from
initial group meetings

Scope of this meeting- to review current status and be clear
not to implement further changes (just to focus on the current
state)

e Data Entry

o

Since we made the changes to the Newborn Feeding- how do
you find the data entry now?

Before we made changes it was thought the entry was to
complex and took too much time. Is this still the case?

Are complex feeds easier to enter?

e Data Review

O

Since we the changes to data entry and created new
flowsheets for data review- how do you find the reviewing of
feeding information now?

Are complex feeds easier to review?
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e Nutritional Dashboard
o Previously the dashboard was described as being unreliable
but with great potential. How do you find the dashboard now
since the data entry changes?
Is the dashboard more reliable?
o Do you use the dashboard any more frequently now?

e Implementation:

o Was the implementation successful?

o Were the training /videos provided helpful?
e Conclusion

o Is there anything else to address?

o Thank participants

274



Appendix 23: Researcher’s Personal Account

With my background as a NICU Nurse, | have always loved to learn and stay up to
date of new technologies and research that may influence patient care for the
better. And | am incredibly grateful for all the opportunities | have had along my
career path and my education thus far. My career somehow pivoted to electronic
health records from clinical care and clinical teaching when the MN-CMS was in
the planning stage. From this point, | have been involved in MN-CMS in key roles
from the design, implementation, and optimisation of the project specifically

focused on the neonatal electronic chart.

My journey to PhD studies has started with why. Much like Simon Sinek’s “Start
with Why”, | wanted to identify the purpose of our actions and how it can help
inspire others and achieve success. The key recommendation from MN-CMS is
keeping the patient at the centre of the journey and that has always been the case
for our tiniest newborn patients. The creation of their EHR at birth provides the
first digital footprint and the potential of an EHR to grow with them for the
remainder of their lives. The learnings from the practical, hands-on
implementation of MN-CMS have been immense and other hospitals, health

networks and countries can learn so much from our journey.

Starting my PhD, | was guided to explore scientific frameworks for my work which
would provide a scientific basis for implementation of changes to policy or practice
in healthcare. This led me to the emerging scientific field of implementation
science. Following application, | was accepted onto the Implementation Science
Training Institute (ISTI) 2022 course, and | was funded to participate on this course
by the National Perinatal Epidemiology Centre (NPEC). This was directly relevant
to my learning needs around the healthcare implementation process including
theories, models, and frameworks, implementation strategies and measuring
outcomes from the implementation process. This learning contributed greatly to
my overall PhD thesis and underpinning my work in a scientific framework. This

training course facilitated by the Health Implementation Research Hub at the
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School of Public Health, UCC and was facilitated by some of the most renowned

implementation scientists.

The goal of using available information and data to improve patient outcomes is
the ultimate benefit of EHRs worldwide. The biggest challenge faced during this
time was around the criminal cyber-attack on the Health Service Executive’s
technology infrastructure in May 2021. The immediate and catastrophic loss of
patient data was profound and something | never thought | would experience. For
maternity hospitals relying primarily on the MN-CMS EHR to lose all types of
patient data from scheduling, imaging results, laboratory results, plans of care,
volumes, and times of last feeds, it left clinicians blind and highlighted the critical
importance of up-to-date, accurate and timely data being available. The biggest
technology challenges facing healthcare are managing the enormous growth in
(healthcare) big data and the security threats facing health institutions and their
infrastructure. Likewise, the COVID19 Pandemic highlighted the importance of
data, data security and data sharing to improve public health and benefits to

patients and the public.

On a personal level, my learning throughout these past 3 years has been immense
and has included planning, organising, academic writing, journal submissions and
publishing. In terms of the continued roll out of MN-CMS, | feel have a solid
grounding now to bring new skills and learning to the future hospital sites for a
successful EHR implementation based on my work and studies during this PhD
journey. EHR implementation is a huge area and | hope | have contributed in some

small way to the overall learning.

In conclusion, | feel that | have developed new skills and enhanced my overall
development throughout this PhD journey. Having identified areas that needed
improvement | sought to find the relevant learning that would improve my
knowledge in various areas as highlighted throughout this reflective essay. Through
the ISTI implementation science course, and through my research for this thesis, |

have developed new knowledge in an emerging field of science, and | have used
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this knowledge in practical implementation. | have learned how industry and
healthcare together can improve patient outcomes through appropriate use and
analysis of data. Implementation and optimisation of the EHR through workflow
analysis and end user involvement will ultimately improve data quality and
completeness and enhance the output from EHRs to generate data which can be

used for audit, informing healthcare policy, and improving patient outcomes.
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