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Abstract

Objectives: Healthcare is an informatiaich industry where successful outcomes require the
processing of mukspectral data and sound decision making. The exponential growth of data
and big data issues coupled with a rapid increase of service demands in healthcare contexts
today, requires aobust framework enabled by IT (information technology) solutions as well
as realtime service handling in order to ensure superior decision making and successful
healthcare outcomes. Such a context isr@mpate for the application o real time
intelligent risk detection decision support systems ubimgjness analytics and data science
technologies.To illustrate the power and potential biisiness analytics andata science
technologies in healthcare decision making scenarios, the usdrdébigert Risk Detection

(IRD) Model is proffered for the context of Congenital Heart Disease (CHD) in children, an
area which requires complex high risk decisions that need to be made expeditiously and
accurately in order to ensure successful healthcare outcofhesmain aim of this research

is reducing burden of complex surgeries in patients, their family and society through early
detecting of surgical risk factors prior to surgery. The research question is: How can an

intelligent risk detection (IRD) Model laeveloped in the healthcare contexts?

Method: This study is exploratory in nature and endeavours to explore the main components,
barriers, issues and requirement to design and develop an Intelligent Risk Detection
framework to be applied to healthcare exts$. In this research a qualitative approach using

an exemplar data site as a single case study is adapted to address research objectives and to
answer the research question. Data collection is through-siemtured interviews,
guestionnaires, observati and the analysis dbcuments, files and data bases from the study

site. After conducting the data collection phase thematic analysis is applied to analyse all

collected qualitative data.

Results: This study has a significant contribution to practice #meory; namely confirming a

role for business analyticand data science technologies in healthcare contalds, this
research serves to demonstrate that the selection of risk detection, prediction by data mining
tools as one of the data science téghes and then decision support are very important for
decision making in the complex surgeries. IRD, in practice, can also be used as a training tool
to train nurses and medical students to detect the CHD surgery risk factors and their impact
on surgery atcomes. Moreover, it can also provide decision support to assist doctors to make

better clinical and surgical decisions or at least provide a second ogtoithermore, IRD

13



can be used as a knowledge sharing and information transferring tools betinexsns|

between clinicians and patients or their families and also between patients with the other
patients.

In this study alsonain components, barriers, issues and requirement to design and develop an
Intelligent Risk Detection solution are exploreddaa comprehensive real time Intelligent
Risk Detection Model in the healthcare context is designed.

14



CHAPTER 1

Introduction

In the healthcare contextand in some diseases in particulaurgery is not always
considered a final cure, as it cagsult in a considerably high rate @dmplications and side
effectsas well as the possibility of emorbidities for example, types of cancer and the
development of bowel diseag&dditionally, there is the direct adverse impact on the patients
and theirfamilies. Therefore, decisiemaking regarding surgery for these types of disease is

multi-faceted and complex.

To facilitate the surgical decision making procdsds contened that such a context is
appropriate for the application of real timeaeihigent risk detection decision suppotrt.
proffer a suitable solution which combines the application of data mining touds
Knowledge Discovery (KD) techniques to score keaygicalrisk levels, assessuirgicalrisks

and thereby help medical professimto make appropriate decisions.

The aim of this study is to improve the outcomes and benefits of surgical interventions and
support a healthcare value proposition of excellence for patients, their famndedi)care
providers, healthcare organizatsoand society by developing an intelligent risk detection
framework to improvesurgicaldecision making processes. While such strategies have been
used in other industries (ie. banking and finance), it appearsuhsatudyis one of the first

studies foosed orthe healthcare context.

However, the lack of interaction between healthcare industry practitioners and academic
researchers makes it hard to discottee type and extent a$urgical risks, and limits
opportunities for the application 8usiness Itelligence BIl) techniques, and hence weakens

the value that knowledge discovery and data mining methods may brisigrdizal risk
detection.

In the context of surgical risk detection many dimensions and perspectives are of importance

(Yoshio et al, 2012) and these mainly focus otne pathological process, physiological

15



variables, some general health perceptions, social paradigm and also qualityRikzte &
Kintner, 2013.

Detectingthe risk factors in all of these dimensions is not easy or trivial but based on two
approaches to assess the risks, with cortahsifrom clinical experts; this research aims to

cover these main dimensions.

The use oKPlIs as a set of metrids not only a novel idea to control the risk factarsd
finding ther level and defining their relationships, it also enables effectiveitororg of
several key items during surgery. Thiiss found thatmonitoring these key factowsill also

be one of the valuable outcomes of the IRD Model.

Another advantage of the proposed IRD model that should be noted is its continuous nature.
Most importantly, by comparing anticipated results and actual outcandsalso performing

risk auditing, risk factors will be amended to improve future predictions. A further important
feature of the proposed IRD model is the integration of the three IT sWutisk detection,

knowledge discovery and clinical decision support systeémsolve a clinical issue in the
definition and assessment of Afout comeso of

measures.

To understand the purpose, aims and significantiei®fesearch, this chapter is organized in

4 main sections, describing the background of this research (Section 1.1), context of this
research (Section 1.2), objective of this research and the research questions (Section 1.3),
significance of this resedrSection 1.4) and finally the outline of this thesis (Section 1.5).

5.1 Background
Due to difficulties associated withhe significant role of addressing surgicatkrifactors
(Wetters et al., 2033 predicting surgery results prioo tsurgeries(Kim et al., 2010,
estimating the qualitof life (Quintana et al.2009 and planning relevant wellness services
(Kerstenet al.,2012 to the mortality and morbidity rates in the healtleceontext, this study
suggests that an Intelligent Risk Detection (IRD) madaly be beneficial in attemptirtg
facilitate and provide decision support for clinicians and patients. Therefore, in developing
such a solution, it is necessary to combineelkey areas of knowledge discovery and risk
detection with clinical decision support systechgwn from theébody of literature (Figure 1).

These key components are described in following sectio
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It is important to note that
the proposed IRD model
draws primarily from 3
significant bodies of
literature, RD, Bl and DSS
and its foundations are
DSS derived from the UCD,
NHCO and IC Model.

Clinical Desision Support Systems.

Networkcentric HealthCare Operations CO,

Intelligence Continuum(IC

Figure 1. The designed body ofiterature to develop the IRD Model

5.1.1 Clinical Decision Support Systems (CDSS)

Clinical Decision Support Systems (CDSS) are computer driven technology solutions,
developed to provide support to physicians, nurses and patients using medical knowledge and
paientspecific information(De Backereet al., 2012. Decision Support systems can be
found in widey divergent functional areas. However, ihealth contextsbecause of the
importance of real time outcomes and the mmpectral nature of care teams

(Wickramasinghe et al., 2012), the following key featanesnost essential:

1 Intelligent timingi this includes the application of various intelligent techniques such
as cluster analysis and artificial neural networksatnahatstage these techniques are
applied to which data sets

1 Multidimensional views of data this enables access to cross referemtetata sets
and tables in order to support complex decision making that requires data from
various data bases to be integrated

1 Calculationintensive capabilitie$ this utilizes various mathematical and statistical

tools and techniques in order to providelepth analysis of data

These decision makingystems will give advice and suppaotclinical staffrather tharthe
decision makingsystemsreplacing clinical stdf Studies have already provédat CDSS
enhance quality, safety and effectiveness of ioaddecisions through providing higher
performance of the medical staff and patient care as well as more effective clinical service
(Fichmanet al., 2011; Garg et al., 2008estuccieet al, 2012).
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A variety of CDSS programs designed to assist clingtaff with drug dosing, health
maintenanceglinical diagnosis, and other clinically relevant healthcare deciqiHiasig et
al., 2007).

Itisnotedthapat i ent s6 demand for participation in
(Kuhn et al. 2006)Therefore, to be respectful of patients and parents/guardians participation

ard decisions, shared decistomaking (SDM) between health care professionals, patients,
parents and guardians is widely recommended tgtay 2012. SDM is defined as the

active participation of both clinicians and families in treatment decisions, the exchange of
information,discussion of preferences, and a joint determination of the treatmer({Bplay

& EdgmanlLevitan, 2012 Charles et al., 1997 Légaré et al., 2031IMakoul & Clayman,

2009.

Although SDM is supported in many disease management dosuachsas diabetesome
concerns and issues still remain regarding the adoption of SDM solusach as a
perception among some practitioners that the ultimate responsibility for treatment should
remain under their authoriffgedwards & Elwyn, 2009Schauetet al.,2007). Client capacity

to participate in decision® 60 Br i e 201% identdying the SDM componen{Sheridan,

et al. 2004 Van der Weijden et al., 20Lhs well as SDM useacceptancé€Scholl et al.,

2017 are main issues to promote this type of CDCS in the healthcare context, SDM has also
some limitations- for example SDM is appropriate for situations in which two @rem
medically reasonable choices exXi®t6 ¢ o n n o r )eregardldss of whatlieOt®e degree

of risk is high or lon(Whitney et al.2003. Therefore, SDM is not appropriatethiosecases

while patients or their families wouldtill like to have participationin the clinical care
process.Therefore more studies are needed to deepen the understanding of interactions
between patient decision aid use and the patterns of pptegtitioner communication as

well as format issues such as wadsed delivery of patnt decision aids(Cousin et al.,

2012 Flight et al.,2012 O6 c onnor , ; Ratsonsmét al., 2012Re8elrch on shared
decision making is under wdBarry & Edgma-Levitan, 2012 Deegan & Drake, 20Q6but

much moraesearchis needed in this area.

5.1.2 Knowledge Discovery (KD)

The KD process involves usirggdatabase along with any required selection;pgooeessing,

subsampling, and transformationstioé databasepplying data mining methods (algorithms)
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to enumerate patterns from it; and evaluating the products of data mining to identify the
subset of the enumerated patterns deemed know(€@gsad et al.,.1996 Han etal., 2006

Cios et al, 2007). It is noted that data mining, as an intelligent compb#esed solution, is
being utilized in various healthcare contexts including applications of text mining and
secondary uses for daf8afran et al., 20Q7 predict health insurance fraud, infection control,
physician order entry and electronic health recofdsight & Sitting, 2006; Batal&
Hauskrecht2010) and in the identification of high risk jeaits (Marschollek et al., 20)2In
recent yearsassociated withdata mining, Business IntelligéAnalytics (BI/BA) is
recognised as belongimg the longstanding KD field as a datantric approachgndrelies on
various data collection, extraction, and analysis technolagidstechnique$Chaudhuri et

al., 2011; Turban et g12008;Watson& Wixom 2007).

The term intelligence has been used by researchers in artificial intelligence since the 1950s
(Huhns 2012)However, in the late 2000s, business analytics was introduced to represent the
key analytical component in Bl (Davenpo2006). More recengl big data analytics and
predictive analytics have been used to describe the data sets and analytical techniques in
applications that are so large (from terabyte to exabyte) and complex (from sensor to social
media data) that they require advanced anduendpta storage, management, analysis, and
visualization technologieSiegel, 2018 Hence in this researchBI/BA and data mining
techniques are useas unified terms and treat predictive analytics as a related field that offers

a new direction for developing such a solutiothehealthcare context.

Although data mining and knowledge diseoy techniques are already applied the
healthcare context, it is suggestdtat developng guidelines on how to use data mining
algorithms such as classification, clustering, decision tree and Neural Networks in different
aspects of care processay erhan@® outcomes efficiencyPadhy et al.2012. It is also
emphasisedhat the domain experts plan important role in the different stages of data
mining to extract specific knowledge by ¢

context parameters guide the sys{@&adhy et a) 2012).

5.1.3 Risk Detection

Medical decisions always have to be made in a itodidbetween benefit and risk (Cerrito
2011). Unfortunately, many decisions are based upon an incorrect knowledge of risk
(Weijden et al 2011; Cerrito 201). Also different viewpoints concerning risk can result in

different optimal choices because of different perspectives (Horn £985; Kuntz& Goldie
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2002. Unfortunately, in this regard, treatments can be based on a complete misperception of
risk (Cerrito, 201}). Identifying the basic types of risk and characterising them might be
helpful to understand Wch types of risk are acceptable to different patient eirdcal
providers(Cerrito, 2011 LacourGayet, 2002 In order to help patients understand potential

risks and benefits of a procedure, and select the option that best accommodates their personal
needs, information has to be coupled with kigiality decision counsatly (Kuhn et al.

2006).

In the context of treatment risk detection many dimensions and perspectives are of
importance(Yoshio et al, 2012) Thesedimensions and perspectivawinly focus onthe
pathological process, physiological variables, several gertegalth perceptions, social
paradigm and also qualitf life (Rizzo & Kintner, 2013 Henceisk adjuster systems such

as ACGs(Ambulatory Care Group{Weiner et al., 1996), the chronic disease and disability
payment system (CDPS) (Kronick et al. 2000), clinical risk groups (CR@&ghes et al.,
2004), the clincally detailed risk information system for cost (RISC) (Kapur et al.2003),

and DCG/HCCs (Pope et a2004), Risk Adjustment for Congenital Heart Surgery (RAEHS

1) (Jenkins et a] 2002) and also the CMS hierarchical condition categories -EK26

(Pope et a) 2004), have been unddevelopment since the 1980s and have been implemented
by the Medicare Choice programwhich wasmandatedor implementation in 2000 in U,S
numerous states, employer coalitions, and health plans. Such systems have been based on
many factors, including dgmosis, prior utilization, demographics, persistent diseases, and
selfassessments of health and/or functional stainsanalytical review on these systems
shows several limitationsuch adack of a dynamic risk assessment system, in the healthcare
conext (Fortinsky et al., 2004 Gambrill & Shlonsky, 2000 Greenland, 2012
Pancorb@idalgo et al.,2006 Ryan et al., 202;2Twetman et al.2013 and lack of a
multidimensional risk detection model/algoritii@nderson et al.2012 Aylin et al., 2007,

Gran et al.,2004 Staal et al.2013 Trucco & Cavallin, 2006

Therefore, regarding current systeritds found that applying IT based techniques such as
knowledge discovery followed by data mining would increase the performance of current risk
assessment and adjustment methods significé@tyjkema & Quiring, 2012Karaolis et al.,
2010.

20



5.2 Context
Congenital Heart Disease (CHD), as a common health problem affecting many children

around the worldMarino et al.,, 201f is involved a multfaceted set of considerations
including he immediate medical result, the ongoing increased risk of sudden death, exercise
intolerance, neutogical developmental and psychological problems as well as-temg

impacts on the family uniLong et al., 2012. This multifaceted consideratiois important
because of the fareaching consequences that can result -pagiery and include
consideration ofmortality or morbidity.

The decision making process in the context of CHD surgery can be divided into three broad
phases. In the first phase, oejmperative phase, the surgeon, having received information
about the patient and his/her medical condition, needs to make a decision relating to whether
surgery is the best medical option. Once this decision is made but before surgery, the parents
musthen decide whether to accept or reject tI
predicted outcomes. Typically, parents have met many medicalastdfEpecialistbefore

they meet the cardiac surgeon. Thus, already at stage one, two key decisibhe mase.

Once parents and surgeons have agreed to proceed, in phase two, critical decisions pertaining
to the unique situations that may arise during the surgery must be addressed. Finally, in the
postoperative phase, or phase three, decision malangrimarily done at two levels; a)
strategies to ensure a sustained successful result for the patient during aftercare and beyond,
and b) a record of lessons learnt for use by clinicians in future similar cases.

To clarify the function of the decision mak framework across CHD surgery for this study,

| summarize current surgery steps and the associated decision making process in one of the
common CHD classifications; Hypoplastic Left Heart Syndrome (HLHS). HLHS patients,
usually have three types of surgeluring their childhoodreatment period. Norwood, BCPS

and Fontan are most recent surgeries that are condantedtients in different age and
clinical condition groups.However, the Norwood surgery is still much more complex and

risky with a high ratef mortality and morbidity.

5.3 ResearchObjective and Method
Although reducing the burden of surgery on patiemta, t | parmentséasd socieiy general

is a strategic benefit of this research, three important aims for this researalso listed as

follows:
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1 Exploring main components, barriers, issues and requirement to design and develop
an Intelligent Risk Detection Moddbr the healthcare context followed by the

research case

1 Providing superior decision support in the healthcargext examininglecisions

pertaining to CHD surgery.
To address tleeresearch objectives, this study is designed to answer this question:

How can an intelligent risk detection (IRD) Model be developed in the healthcare

contexts?

This study has important contributions tatbtheory and practice in healthcare sittoeuse

of risk detection, while prevalent in many industries such as finance, has rarely if at all been
incorporated into healthcareontext. This in turn makes an intelligent risk detection
framework the prefeed choicein the healthcare contex@hus, our study proposes an
intelligent application for highevel surgery risk detection and outcome prediction to support

surgical decisions.

Throughout this research, a qualitative approach using an exemplarelas sicase studky
adopted incorporating well established qualitative data collection technitfivede &
Brinkmann, 2009 Boyatzis, 1998; Yin, 1994jo collect requirements and capture main

components to develop IRD Model, as an IT based framework in healthcare context.

5.4 Significanceand Limitations
This thesishas ouined an exploratory research study to examine the potential benefits of

combining a real time intelligent risk detectibtodel with decision support ithe healthcare
context. Theemergntthemes from this exploratory reseasthdyinclude

1) Early identification of patients at risk,

2) Providing superior decision support,

3) Developing key performance indicators to detect the surgery risk factors.,

4) Predicting surgical results to identify patients at risk during surgery,

5) Standardizing clinidaisk assessment and management processes to facilitate superior

health outcomes,

6) Developing a risk profile for patients,
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7) Improving knowledge and information sharing,

8) Developing a true picture of risk categories and factors,

9) Improving @tients/parents empowerment during the care process
10) Monitoring the risk factors by using dashboards.

Another advantage of the proposed IRD model that should be noted is its coryinuous
evolving nature. By comparing anticipated results and actual omtes and alsdoy
performing risk auditing, risk factors will be amended to improve future predictions. A
further and final important feature of the proposed IRD model is the integration of the three

IT solutions[Knowledge Discovery, Risk Detection and iitial Decision Support Syshns]

to solve a clinical i ssue in the definition
combinedwith some assessment measures. The next step for this research is prototyping the

solution in a clinical trial environnmg.

This research has a strong contribution to practiceetmphasizing the importance of
knowl edge sharing between clinicians as well
involvement during systems development; acceptability and capabilitye ;fystem and high

demand of outcome predictions to improve decision efficiency. Also,rélsisarchhas a
contribution to theory by proving the importance Iofelligent Continuum IC), Network

Centric HealthCare OperationeNHCO) and User Centred Desigr(UCD) theory to

developing such a solution the healthcare context. Moreovaiter consideringhe study

findings new elements are proposedhe IC Model and UCD theory. has been determined

that Ati meo can be an Itimgsoun chenrt s ted ednetnli att onf il
receiver so i n thavwea shyrfiaanttralen eontréduticgdonthaleskgiing of

clinical solutions. Thereforeinformation receivershould be involved within the design

process.

However, discovering @ahcapturingsurgicalrisk factors is quite difficult, due to the lack of
interaction between healthcare industry practitioners and academic researchersthitence,
would provide limited opportunities for the application of predictive analysis technigues i
the healthcare context. This research confirms that the selection of the risk detection,
prediction by data mining tools and clinical decision support systems are very important for

decision making in complex surgeries.
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5.5 Thesis Outline
This thesis isrranged as follows:

Chapter 1: Introduction

The Introductionintroducesthe thesisn total and describes its componeni$ie subsequent
Chaptersof the thesigrovide argument and evident@e support theesearch questiomhe
Introduction sets the scelfthe research context and problem context) and establishes why
the researchtopic is an issue worthy of research. The research question and anwarams
objectives are also clearly stated and the scope and context of the research is introduced.

1 Chapter 2: Literature Review

The literature reviewresentghe positionof this researchvithin the disciplingdliteratureto

makecontribution in both theory and practice.
1 Chapter 3: Methodology

This Chaptelintroduces the research method and research desigreliss/data collection

and data analysis approastand tools.
1 Chapter 4: Results

The research qualitative results are present€hapterd.
1 Chapter 5: Discussion

The research implications, limitations and recommendations for the next steps are discussed

in this Chapter
1 Chapter 6: Conclusion

This Chapteiis an overview of theesearcttontributionsand outcomes.
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CHAPTER 2

Literature Review

This Chaptelis structured as follows
In section 2.1 the specific outcomes and issues of the ClDasion Support Systems are
presented.
Section 2.2 is devoted to examine data science solutions in healthcare
Section 2.3 describes risk adjusted outcomes.
Section 2.4 will discuss the context of the research case
Section 2.5 will explore research gapssues, possibilities and the summary of theoretical
views. Section2.6 describes the contribution of this resedectne body of knowledgen the

topic.

6.1 Decision Support Systems in HealthCare
Clinical Decision Support Systems (CDSS) are computevedritechnology solutions,

developed to provide support to physicians, nurses and patients using medical knowledge and
patientspecific information(De Backere et al2012. Hence, these systems will give advice

and supporto supportdecision makingo assst clinical staff. Studies have alreagiown

that CDSS enhance quality, safety and effectiveness of medical debigioreviding higher
performance of the medical staff ahdjher levels opatient careas well as more effective

clinical servicegFichman et al., 2031Garg et al., 2005Restuccia et al., 20)J2Pat i ent s 0
demand for participation in medical decisions has been increagifign et al., 20086.
Therefore, to be respectful of patients and parents/guargemisipation in the decision

making processshared decisiemaking (SDM) between health care professionals, patients,

parents and guardians is widely recommended t{day2019.

A variety of CDSS programs designed to assist clinical staff with drug dosing, health

maintenanceclinical diagnosis, and other clinically relevant healthcare decisions have been
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developed for the medical workpla@idaug, et al., 2007 For example, preventing potential
medicationrelated adverse drug evelfswari et al.2013, diagnosis of maternal depression
(Carrol et al. 2013, chronic disease management and acute (&ahota et al., 20)are
some ofthe recent area®f medicineto adop CDSS (Jeffery et al.2013). CDSSs have
improved the process of medical care in@®6 of patients(Sahota, et al., 20)1 For
instance, the CDSS designed for diabetes slaogvnimprovements in the process of care in
55% of patients(Jeffery, et al., 2013bThe recognisednportance of CDSSkas led experts
to proposanany characteristigsertaining to the health care syst#rat could contribute ta
moreeffective systen(Shiffmanet al.,1999 Sim et al., 200;1Solberg et al., 2000Trivedi et
al., 2002 Wetter, 2002

Most CDSSs are locally developed and integrated into a computerized physician order entry
(CPOE) or electronic health record (EHR) system ahdve systeminitiated
recommendations delivered synchronously at the point ofarattéhese recommendations do

not require a clinician respon¢Bright et al., 201 Tablel is a modificationof Br i ght 6 s
systematic review of the literatu®right et al., 201 to introduce anumber of recent

studies related to CDSSs and CDSS intervention.

Table 1. Characteristics of CDSSs studies

Automated screening and just in tin
delivery of testing and referrg )
) ) Diagnosis of
Carroll et al. | materials at the point of care f( Early stage of
. | maternal ) USA
2013 maternal depression through Chi ] depression
depression
Health Improvement Compute
Automation (CHICA) system
A classiycation ¢ Injured workers
and accompanying computkased| Selecting with
clinical decision support tool to hell rehabilitation compensation

Gross et al. ] o )

2013 categorize injured workers towal programs that claims for a Canada
optimal lead to sacessful | wide variety of
rehabilitation interventions based ( treatment musculoskeleta
unique worker characteristics disorders
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colourcoded diabetes

Web-basel,

tracker (monitored 13 diabetes rig

factors, their respective targets a

Lower disease

(Holbrook ) ) o ) intensity in
give brief, prioritized advice, based g ) o
2003 ) o Diabeticcare participants Canada
national guidelines)
) ) ] (few had ce
Interfaced with electronic medice o
morbidities)
record and an automated telephg
reminder system for patien
Faxed and mailed reminders, flo Lower disease
sheets and reportdJsed laloratory Intensity in
(MacLean et ) o
1. 200 results and sent reminders wh{ Usual care participants USA
al.,
testing was overdue or results we (few had ce
elevated morbidities)
Contained a diagnostic anceatment
) More severely
algorithm based on the Dutch Type )
) o ) - diseased
) diabetes guidelinesPatientspecific ]
(Cleveringa ) ) ) ) population,
treatment advice, a  diabet{ Diabeticcare ) Netherlands
2008 ) ] ] cardiovascular
consultation with a practice nurse, ) )
disease in most
recall system and feedback eve i
patients
3 months
Feedback based on patient selports Lower disease
to increase motivation and readiness ) severity in
(Jefferyet ) ) | Health eduation o
make lifestyle changes, and identi ) participants USA
al.,2013h ) o ) materials
barriers to changehysicians receive (few had ce
patientspecific counselling morbidities)
o ) ) | Data collection
Visit  reminders,  patienspecific
o same as foi
physician alerts, a monthly progre{ ] ]
) ) intervention. Lower disease
review and proactive support ¢ . o
) ) Sites  received severity in
(Peterson et | patients at risk ) o
baseline data o1 participants USA

al., 2008

Directed at patients, physicians (targ
high-risk patients, audit and feedba
monthly, track outcomes and activit|

educate

process ang
outcome
measures and

continued usual

(few had ce

morbidities)
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quality

improvement
practices
Diabetic  care.
Patients were
also given
Cell-phonebased system thg OneTouch
incorporates reaime patient Ultra® blood )
) Lower disease
coaching based on blood gluco|l glucose metersg o
) ) severity in
(Jeffery et measures taken with a Bluetoet| (LifeScan, .
o participants USA
al., 20133 adapted OeTouch meter. Feedbad Milpitas, CA,
B ] ] (few had ce
for practitioners, including automatg USA) and asked o
) ] | morbidities)
analysis and suggested medicati to fax or phone in
changes their blood
glucose logbooks
to their providers
for review
Patientspecific data model glucos Use of | Lower disease
] metabolism and simulate patient continuous severity in
(Augstein et ) ) o o
1. 2007 therapeutic regime to optimize blod glucose participants Germany
al.,
glucosePractitioners received glucog§ monitoring (few had ce
data system morbidities)
More severely
) ) ) Diabetic care | diseased
Displayed an electronic reminder ai )
o ) | plus the letter| population
(Jeffery et letter summarizing practice guideling o )
) . | summarizing included 75% | ltaly
al.,2013h and benefits of anflatelet drugs in ) o
o ) o practice were high risk
high-risk patients with diabetes sent o i .
guidelines patients with
diabetes
More severely
) ] o o ) diseased
(Meigs et Patientspecific information, including ]
) Usual care population, USA
al., 2003 laboratory data, on a single screen ) -
Patientspecific
information,
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including
laboratory data,
on a single
screerover
50% have
cardiovascular
disease
Collected data from individual patier
electronic medical records to generg )
_ _ Lower disease
eight personalized carl o
(Lobach & ) ) ) severity in
. recommendations for diabetes mellitf i .
David, ] | Diabeticcare participants USA
based on established guideling
1997 ) ] (few had ce
Recommendatian were printed or| o
. morbidities)
6encounter f or ms
to record consultation results
Reminder reports describing diabet
preventivehealth statusand listing| Generic report§ Lower disease
] upcoming or past due preventiy without patient | severity in
(Nilasena et o . : . .
1 199 health activities for patients wit| specific participants USA
al.,
diabetes. Clinical alerts for higiisk | recommendationg (few had ce
aspects of patient's profile placed | were geneated morbidities)
the front of patients' charts
A 3.5h seminar
) ) covering blood
Computerized CDSS reminders we )
) sugar regulation
generated from the medical reco . ) ] ]
) ) | in nortinsulin | Lower disease
system and placed in patients' clir] o
dependent severity in
(Adanhl, records whenever the comput] ) o
] ) diabetes mellitug participants USA
2012 detected history, physical, laborato o
o All  participants | (few had ce
or pharmacy data indicating that ] o
] ) received a cours¢ morbidties)
seminar recomnrelation should be
] syllabus, key
considered )
reprints and 4
reference book
(Thomaset Updated medical records using dg Usual care Lower disease | USA
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al., 1983

entered byresearch staff, performe
audits based on patient data a
protocotbased algorithms, an
generated recommendations that w
printed in

patient reports fo

physicians before each clinic sessior|

severity in
participants
(few had ce

morbidities)

Coach, primary care provider pal,

Lower disease

) decision support with feedback fc severity in
(Quinn et iy . . .
1. 2009 practitioners, including automatg Usual care participants USA
al.,
analysis and suggested medicati (few had ce
changes morbidities)
Nurse puts printed form on top dia Lower disease
visit summary sheet on th severity in
(Jeffery et . . .
12013 examination room door, physicig Diabetescare participants
al.,
reviews the available diabetg (few had ce
treatment options printed on the form| morbidities)

Clinical areas considered WyDSSsresearchrs are categorised bfPearson et al., 2009

from 19902007, at Cardiovascular disease , Antibiotic therapy, Vaccinations , Respiratory
conditions, Anticoagulant therapy , Ellly (multiple conditions and drugs), Osteoporosis
and Other. Additionally, in recent years CDSS research studies in chronic gdisease

particularly diabetes carbaveincreaseqHussain et al., 2013effery, et al., 2013b

Although many technolags for clinical decision support have been proposed worldwide,
several authors have reported numerous challenges that current CDSSs oeeddme
Most challenges are &sllows:

1 Due to the importance of clinical workflow integration for CDSS sucoelsrts
should bemadefor the integration of CDSS with clinical systems already present in
hospitals and medical cantefgichner & Das, 2010 Holbrook, et al., 2003
Kawamoto et al.2005 Sanchez et al., 2013
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1 Maintainability and extensibility arthe second challenge overcomgPeleg & Tu,
2006 Sanchez et al., 20L.3Hence, cossave solutions are needed to maintain the
underlying knowledge criteria fahereasoning of the syste(8anchez et al., 201.3

1 To enlanced clinical decision support systenaue to clinicians timely medical
advice should be provided in CD$2eleg & Tu, 2006Sanchez et al., 2013

1 Lack of a framework or mechanisfor quantitative and qualitative evaluation of the
performance of th system, as well asvaluationof the quality of the knowledge
provided by CDSSLiu et al.,2006 Peleg & Tu,2006 Sanchez, et al., 201Sim, et
al., 200}

1 CDSS should be presented as complete solutions that assist cliniciangiueinmany
different task of their daily duties, and not only during specific activi{@anchez, et
al., 2013.

In this researclto the researcher has attemptedoteercome these challenges by developing
the IRD frameworKSittig et al., 2008

6.1.1Shared Decision Makingin HealthCare

The literature informs the reader tHf&DM is recognisedas the active participation of both
clinicians and families irelinical treatment decisions, the exchangeclifical information,
discussion ofreatmentpreferences, antthe joint determination of treatment plarfBarry &
EdgmanLevitan, 2012 Charles, et al., 199T égaré, et al., 2031 Makoul & Clayman, 2006

A physician may sometimes make a decision unilaterally, obtaineg tip at i ent 0 s
without offering the patient a choidem all options this is not an actual SDM butig still
information exchange between patients or their family with practitioners to improve the care
procesgWhitney et al., 2008 SDM has been conceptualized in several different ward,
usually involves a process in which an individislinformed of the seriousness of the
illness; the benefits, harms, alternatives, and uncertainty of preventive or treatment options;
weighs his or heoptions and participates in the decision making process with the clinician
in a shared roléHeadet al.2011, Pentz et al., 2035heridan, et al., 2004

The benefit 6 sharing the decisiemaking processs that it allows doctors to clarifwith
pati ent s or antundesstanding o key fladtseasdérelevant values, highlight the

unique circumstances that might alter the decision for any individual, and adidered
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clinical perspective on the decisig8heridan, et al., 2004Several of these functions may

not be necessary when decision aids are available, particularly if patients or their families are
known to be health literate and the decision aid allows for deliberation on values and
preferencegKennedy et al., 2002 Instead, independent decision making by the doctor in a
supporting role may someti mes be appr-opriat
efficacy for following through with a decisigiikiesler & Auerbach, 2006 Table2 presents
characteristics of CDSS studies

Table 2. Decision Types for Which Augmented Patient Involvement Is Particularly Important
Adapted fromWhitney et al.2003)

Due to the copy right issue, this table is omitted.

Typically, cases using SDM are of major importance and highruhcai nty i n whi ch
values, and hence shared decision makamghighly relevant Continuinglife support for
example for patients in a persistent vegetative state, surgery for localized breast cancer,
care or terminatiomf care for severelpurned personare in this categor(Whitney et al.,

200). To date, SDM studies are developed in different dosainhealthcareand this
presentedhn table?2.

Although SDM is supported in many disease management domains, some concerns and
issues still remainwith respectto adoping SDM solutions these concerns including
perception among sonmeedical practitionersthat the ultimate responsibility for treatment
should remain under their authorifigdwards & Elwyn, 2009Schauer, et al., 20Q7Client
capacity to participate in decisiof@6 Br i e n, ),adentifgrig the SDMQ@dmbponents
(Sheridan, et al., 2004/an der Weijden, et al., 20Land SDM user acceptand&choll, et

al., 2011 arethemain issues to promote this type of CDCS in the healthcare context.
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SDM has also some limitationgor example SDM is appropriate for situations in which two

or more medically reasonable choices ef@b c o n n o r )erégardiess of wh&heritHe

degree of risk is high dow (Whitney et al., 2008 Therefore, SDM is not appropriate in

these cases while patients or their farsileouldstill like to have participation in the care

process. Hence, more studies are needed to deepen the understanding of interactions between
patient decision aid use and the patterns of papiettitioner communicatiomhe format of

delivery of patent decision aidssuch as web based patient decision aids, also needs further
considerationCousin et al., 2012Flight et al., 201206 c onnor ;eParsomsletal., 2009
2012.

Research on shared decision makiag been undertakéBarry & EdgmanLevitan, 2012
Deegan & Drake, 2006 but much moreesearchis neededn this area of clinical support
Future work mght also explore other intervention components or component content that
might make SDM interventions more effective in promoting shared deci€ghresidan, et

al., 2004.

6.1.2Intelligent Decision Support Systems in Healthcare

The field of intelligent support systems in healthcare is expanding at aras@iBrahnam &
Jain, 201) Decision maing is a multistep process comprising problem recognition,

information search, problem analysis,

alternative evaluation and choi¢gikmund et al., 2012. Decision support strategies that
provide decision makers with effective, timely ways to access relevant information and to
structure complex problems, nesudilti-functional and intelligent decision support solutions
(Brahnam & Jain, 20%11Zhuanget al.,2012. Hence, in order to develop an Intelligent
Decision Support Systems ia healthcare caext, healthcare organizations are starting to
make extensive use of staiéthe-art data mining technologi€blanni et al.,2011). Zhuang

et al. (2012), designed a framework for an intelligent decision support system in the case of
pathology test orderin@Zhuang, et al., 20)2as presented in figu&

This framework demonstra¢he role of data mining and text mining in intelligent DSSs and
shows how data mining and text techniques were used to discover and extract useful
knowledge/evidence from past patogy requesto use the care experience of these patients

to the future similar cases
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Data mining lies at the interface of statistics, database technology, pattern recognition,
machine learning, data visualization, and expert systgfoh & Tan, 2011 Obenshain,

2004. There is vast potential for data mining applications in healthedargh can be
grouped as the evaluation of treatiheffectiveness; management of healthcare; customer
relationship management; and detection of fraud and abuse, predictive medicine and analysis
of DNA micro-arrays(Koh & Tan, 201]). However, data mining in healthcare contexts have

some limitations.

Due tothecopy right issue, thiBgureis omitted.

Figure2.Si mpl i yed framework for intelligent decisioc
Adapted from(Zhuang et al., 2032

The most important issueslating to adapting data mining in integent CDSS solutions is

the accessibility of data, because the raw inputs for data mining often exist in different
settings and systems, such as administration, clemcklaboratories(Koh & Tan, 2011

Mans et al., 2013 Mishra et al., 2013. Hence, several authors and researchers have

suggested that data hav@ be collected and integrated before data mining can be done
through building a data warehougautta 2013 Koh & Tan 2011 Mans et al., 20LMishra,

et al., 2013

6.1.3Knowledge Management and Discovery in Healthcare Contexts

According to Burstein and Carlsson 2008,k nowl edge management IS
process of acquiring and depl oyi (Bygsteikr 8owl edg

Carlsson, 2008. Knowledge management (KM) is a multidisciplinary approach that takes a
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comprehasive, systematic view of data assets of an organization by identifying, capturing,
collecting, organizing, indexing, storing, integrating, retrieving and shénege data assets
(Geisler & Wickramasinghe, 2009

Knowledge discovery in data bases (KDD) is defined as the nontrivial process of idgntify
valid, novel, potentially useful, and ultimately understandable patterns ifCiatg 2007.

One of the most relevant plications of KDD for healthcare contexts is the model of the

Intelligence Continuum (IC)Wickramasinghe & Schaffer, 2006

Table 3. A list of relevant previous works in using Knowledge discovery in healthcare area

§ -% The potential use o| In this study, objectives are to: (1) present
[} [%2]
% 8 classification based data minir] evaluationof techniques such as decision tree &
= ‘i’ techniques such as decision ti association rules to Predict the occurrence of rq
‘m ©
% g and association rusgdo massive| of transmission based on treatment history of H
e]
o % & volume of health care data. patients. (2) Demonstrate that data mining met
IS S
‘s’ -g I can yield valuable new knowledge and patte
§ 8 related to the HI patient; (3) assesses
Rl -
5 2 utilization of healthcare resources and demonst
0 £ . . .
° = the socioeconomic, demographic and med
T S . . .
e = histories of patient.
< ©
2 29 o N . . _
© % g = daa mining techniques, namely This research has developed a prototype Intellig
> g
% g % 5; decision trees, naive bays a| Heart Disease Prediction System (IHDPS) usg
g ‘% ﬁ 2 o neural network medical profile such as age, sex, blood pressure
£ 5 :E % I blood sugar andit can predit the likelihood of
2 8 E ¢ patients getting a heart disease.
= 5 g O
L o g O
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Knowledge discovery approache

for early detection of

decompositiorconditions in heart

failure patient§Candelieri, et al.

20098

Several KD algorithms hav

been applied on collected data|

They propose an innovative knowledge ba
platorm of services for effective and efficie
clinical management of heart failure within elde

population.

The IC model includedut is not limited tpapplying the techniques of data mining, business
intelligence/business andilys (BI/BA) and knowlede management (KMWickramasinghe

& Schaffer, 06). In order to maximize the value/utility of our IRD framework and because
the importance of combining techniques of DM, BA/BI and KM in the present context, in this
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research the IC model is applied as the foundation for the research framework3Table
presents some relevant studies in applying knowledge discovery in healthcare contexts.

The focus of knowledge discovery is usually data mining and how to achieve data mining
tasks. However, the complete knowledge discovery into data base prgeesst simply an
application of highly sophisticated data mining algorithms and an immediate deployment of
data mining results into the businesses.

Data mining is the application of specific algorithms for extracting patterns from data
(Fayyad et al. 1996)t is a powerful technology with potential to help organizations focus on
the most important information in their data warehoBesiham et al. 2006 Data mining

tools predict future trends and behaviors, helps organizations to make proactive knewledge
driven decisionglLarose, 2005)The automated, prospective analyses offered by data mining
move beyond tha@nalyses of past events provided by prospective tools typical of decision
support systemgMishra et al. 2013)The different methods of data miningeaused to
extract the patterns and thus the knowledge from this variety datdbaygad et al. 1996)
Selection of data and methods for data mining is an important task in this process and needs
the knowledge of the domain. Several attempts have beea toadksign and develop the
generic data mining system but no system found completely géhksiara et al. 2013).

Data mining is one of the main components of knowledge discoverysashibwn in figure

3.

Due tothecopy right issue, thiBgure is omitted.

Figure 3. The sixstep KD model.
Adoptedfrom (Pal & Jain, 200b
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Weemphasize that there is no wuniversally
strong and weak points based on the application domain and particular objgZibgest al.,
2007. So, to address our resela goals and domaihhave choseithe KD model. Also)

have foundData Mining as a key step of KD modelsdis common in all of KD models.

Baseal on the intelligence continuum (IC) modéWickramasinghe & Schaffe006, using

data mining technique is an approach extracting patterns from large data sets and
deducting knowledge insights from those pattdibssouza, 2002 The IC is including but

not limited to data mining, business intelligence/business analysis (BI/BA) and knowledge
management (KM)(Wickramasinghe & Schaffer, 2006 In order to maximize hie
value/utility of the IC model, it is used as a platform to improve decision making process
Techniqueof data mining aralso usedo detect risk factors artd predict some anticipade

results through and after surgery.

Data mining is a computerizecedhnology that uses complicated algorithms to find
relationships real or perceivedand trends in large databases, previously unknown to the
retailer, with the aim of promotingdecision suppor{Mishra et al. 2013)Data mining
consists of several taskadieach task uses a variety of methodologesfigure 4 shows
their relationshipgLarose, 2005) Data mining commonly involves three classes of tasks
(SeongPyo & Sungshin, 2000)

1 Classification: Arranges the data into predefined groups. For exaamg@enail program
might attempt to classify an email as legitimate or spam. Common algorithms include
Decision Tree learning, nearest neightsp naive Bayesian classification and neural
network.

1 Clustering: Is like classification but the groups are notgfiedd, so the algorithm will
try to group similar items together.

T Prediction Is the same as classification or estimation except that the records are

classified according to some predicted future behaviour or estimated future value.
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Due tothecopyright issue, thigigureis omitted.

Figure 4. The relationship of data mining methodologies to tasks.
Source: adopted frofseongPyo & Sungshin, 2000

To find some valuable points and models, relevant rese@skextracted to make a critical
analysis ordata miningmodels and technique$able 3 has a look on their title, objects and

also their using techniques to justify or prove their models and applications.

Acrossthis researchknowledge discovery and data mining techniques are applied to predict
results or effects based pertinenthistorical data and relevant factors through treatment of
patients, while discoverg patterns and relationships between these key factors would be

very effectivein predictng care outcomes

6.1.4User Acceptance

According to Hauge et als(2007) study, two elementf clinical decision support
applications are critical taghe applicationssuccess, independent of the implementation

environment, afollows (Hauget al., 2007:

1) The mechanism by which the systems acquire the data used in their decision algorithms;

and
2) The interface through which they interact with clinicians/users to report their results.

Usercentred design (UCD) is well recognized as edfective human factor engineering

strategy to design ease of use into the total customer experience with products and
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information technology (IT) that has been applied specifically to healthcare IT systems
(Vredenburget al., 2002)

The shiftmdemtnr edds@yesttter €d 8 edesi gn has increa:
software system@Diaz et al.,2008. This is because of the iterative nature of «sartred
design (UCD) that means all stages of the process can be revisitedkeé@a more efficient
development process which results in a product that is less likely to recajwe nedesign

after the final evaluation process is complgfed Matos et al., 2033

Hence, in this studyu s e pesspectives in order to enhance the CDSS usability and

acceptability are critical component.

6.2 Risk Definition and Categories in HealthCare
Medical decisions always have to be made tradeoff between benefit and rigkerrito,

2011). Unfortunately, many decisions are based upon an incareantompleteknowledge

of risk (Tsumoto & Hirano, 201,0Van der Weijdenet al., 2007). Different viewpoints
concerning risk can result in different optimal choices because of different perspectives
(Tsumoto & Hirano, 201,0Kuntz & Goldie 2002 Unfortunately, in this regard, treatment
can be based on a complete misperception of (@#rrito, 2011 Luo et al., 2014.
Identifying the basic types of risk and characterising them might be helpful to understand
which types of risk are acceptable to different pasiemid to different providers(Cerrito,

2011). Therefore, basic types of clinical risk and their characteristics are summarized in table
4:

Table 4. Basic types of clinical risk and their charactestics
Adapted from(Cerrito 2012)

Dueto thecopy right

issue, thigableis

omitted.
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In order to help patients understand potential risks and benefits of a procedure, and select the
option that best accommodatesitlp@rsonal needs, information has to be coupled with-high

quality decision counsellin@Kuhn, et al., 2006
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6.2.1Benefit of Risk Detection to the Clinical Decision Making

In medicine, ptients or their families are ndhe only decision makergCerrito 2012)
Physicians, government and healthcare providers arecatgdbute to thedecisionmaking
procesgTremblay et al.2012. Since quality of life, cost and access are three major issues
for most of healthcare decision maké@eenes, 20011 need to investigate whether a shift

to a solution will decrease cost and/or increase a¢Cémsston et al.,2011).

Surgical performance is usually indirectly measured by postoperative outcome of the initial
hospital stay by means of risidjustel audits(Gayet 2002 Risk adjustment is importanin

allowing assessment of performance and commgaoutcomes amongst individuals or
institutions(Kang et al.2004. Statisticalinferences alone cannot be used to determine what

is considered acceptable performar(Gayetet al., 2005. Todayodos avwmil abl e
capture clinical risk factorsi o ok a't the Abig picture, 0o froc
postoperative car@arrazabal et al2007). It is somewhat misleading, however, to judge an
individual surgeonos p e r fowtcomeadata esuchbag -8&y s i ng |
survival or hospital survivglLarrazabal et al., 200.7A poor outcome can be the result of a
technical error, a ursing mistake, a drug error, or substandard intensive care monitoring
(Larrazabal et al.,, 2007 Additionally patients undergoing congenitatant surgery face

many other types of risksuch as disabilitiesaffecting mortality rates during and after
admissiongBenavidezt al., 2007). Therefore it is imperative that surgedgiven, validated,
risk-adjusted outcome analysis is employadd thiscan indeed lead to improvements in
performance ¥y both individual cardiac surgeons and cardiac surgery cefMi@aoudis &

Jacobs 2002

Risk adjustment for paediatric congenital heart operations, in itself, is challenging due to the
great diversity of th patient population in terms of the diagnoses, indications for operation,

the operation performed, the age at which an operation is deemed necessary and feasible, and
other factors(Kang et al.,2004). An internationally accepted procedural classification
scheme, Risk Adjustment for Congenital Heart Surgery (RAGCH$Jenkins et al., 2002

groups 79 different types of operations into six categories ranked in order of increasing risk,
as perceived by clinicians. The RACHSscheme has been validated in a range of contexts

(Kang et al.,, 2004 The paediatric risk of mortality (PRISM) method in operative risk

L RACH-1 is risk adjustment for congenial heart disease based on these variables: risk category, agmandtpy@resence of major
non-cardiac structural anomaly, gender, race, insurance volume and combination of cardiac surgical procedure.
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prediction after opeieart surgery in children is another wetiown model used in

predicting risks of heart surgery in childr@Mildha et al.,2007).

As the two mainstream methods of assessing risk factors in hegetysuMilth et al(2007)
compared the performance of RACHSwvith PRISM assessment systems in operative risk
prediction after open heart surgery in child(&fildh et al.,2007). Their study showak that

the performance of PRISM in this largeale, norselected paediatric opdreart surgery
patient population was poor while the discriminatory power of RAQH&as good and in
accord with other studies recently published in the literature. HoweysHRS-1 failed to
accurately predict death after paediatric cpheart surgery patientdvildha et al., 200Y.
Their conclusion fromtheir studywas that a different and more precise approach in
predicting the outcome of the surgical procedure for these patients was ne(fdddag;, et

al., 2007. Table 5 presents some of wedthown and old risk adjustment systems in

healthcare contexts.

Table 5. A review of selected risk adjustment systems ihealthcare area

ACG This system was originally developed as a aade adjustment measure for ambulatory populati
(Weiner et al.,, 1996 Later, it was extended to incorporate inpatient diagnoses as well. The g
categorizes diagnosebased on duration, severity, ethology, diagnostic certainty and the likelihog
specialty services will be needed. I®BCM codes are assigned to 32 ADGs (Adjusted Diagng
Groups). The ACG system explains about6@percentof the variation in cocurrent health costs, an
less for prospective health costs. The ACG system has been implemented by the Minneapolig
Health Care Action Group. They reported a relatively smooth experience with the ACG §pstem
1998.

DCG This system was devaped as a health adjuster for HMOs that enrol Medicare populdfiahset al.,
20021, Pope et al.,, 2001 DCGs are clinicallyoriented and resourdeased, and use demographic g
diagnostic information. Initially, the model was calibrated on the Medicare population. It was
extended to commercial and Medicaid populations. This model estimates beneficiary health
(expected cost next year) from demographics and the worst principal inpatient diagnosis (principal
for inpatient stay) associated with any hospital admission. The Washington State Health Care A

also incorporated a DCG model.

CMS- CMS (Centerdor Medicare and Medicaid Services) was required by Congress's BIPA, in 2000,

HCC ambulatory diagnoses in Medicare ra#tjustment, to be phased in from 2004 to 2007. To this end,

evaluated several riskdjustment models that use both ambulatorgl anpatient diagnoses, includin
ACGs (Weiner et al., 1996 the chronic disease and disability payment system (CH8hick, Gilmer,
Dreyfus, & Ganiats, 2002 clinical risk groups (CRGYHughes et al., 20Q4the clinically detailed risk
information system for cost (CRISC) (Tseng et al.2003, and DCG/HCCgDunn, 1998. CMS chose|
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the DCG/HCC model for Medicare risk adjustment, largely on the basis of transparency, €
modification, and good clinical coherence.

CDPS The Chronic illness and Disability Paymentsg&ms were developed specifically to compensate 1
fairly for individuals with disabilities. It is a primarily resourbased system that is based on deta|
clinical information for the disabled. The system has been developed for Medicaid and M
populations(Kronick et al., 200 The system uses demographics and diagnostic information, an
used the length of enrolment, datof services, type of provider, procedural information, and catega
service. The model has over 700 diagnostic groups that are combined into over 50 dig
subcategories. The system predicts between 30 anpeffentof the variance in a populati with
disability. However, it is important to note that this population is likely to have costs that easier to
than the general population. The CDPS was implemented for the Medicaid population in Colorad

did suffer from some selection,Grequired rates to be adjusted over t{pann, 1993.

GRAM The Global Risk Assessment Model is a clinically based, hierarchical model of health céFeeusg et
al., 2003. The model was developed on 100,000 individugho were randomly selected from seve
HMOs. The model uses data on demographics, eligibility, diagnoses, and costs. The system us
Permanente Clinical Behavioural Disease Classification System, which groups diseases by thei
attributesand the expected responses to the disease. There are 350 diagnostic categories that &
grouped into 19 categories. The model explains 17 precent of the variancg@evc&fof the explainable

variance in prospective costs. This model has aeshbmplemented to date.

CRG This system was developed to predict costs for individuals with congenital and chronic health co
(Hughes, et al., 2004 CRG is a categorical clinical system that classifies indadsl into mutually
exclusive categories and assigns each person to a severity level if he or she has a chronic health
The system uses demographic, diagnostic, and procedural information. The CRG grouper assi
individual to a hierarchicalldefined health status group, and then to a specific CRG category and s
level if they are chronically ill. There are nine health status groups, and over 250 CRG categories
most other risk adjustment systems, the CRG is a categorical thmickel and not a regression mod
The testing and refinement of CRGs included three large data sets representing different pojpu
Medicare, Medicaid, and an employer based population. Prediction performance varied dependin
population testé. For a Medicaid population, the CRG yielded a predictive power of 30 precent. CR

implemented for several paediatric populations in Ohio and Maryland.

Based on the extensive review of the importance of risk detection in healthésfeund

that applying IT based technigues such as Bl followed by data mining has the potential to
significantly increase the performance of the current risk adjustment methods. Although risk
detection is an essential part of healthcare decision making, to the beshef aut hor s
knowledge,very few intelligent systems exist in healthcare with specific-tresd risk

detection component.
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Given the importance of risk detection in the context of Congenital Heart Disease for children
(CHD) and the fact that, to date,al¢ime risk detection has not been incorporated into
healthcare decision support in any meaningful wiag, outcomes of this study have a
significantcontributionto practice

6.3 CHD Context
Congenital Heart Disease (CHD) is a common health problem affectiany children
around the worl d. The term ficongenital hear
bl ood vessel slLapazabad et al.t 2000t ACHDt hd one of t he |
infants | ess (AlHW, 200%ancetheyisk afdeath teadn® significantly high
for these patients throughout their life, with over 40% unable to reach the age of five.
Unfortunately surgery is not considered a final cure, as it can result in a considerably high
rate of complications,and the ceexistence ofcertain other diseasesuch asdiabetes or
various types of cancereeds to be considerefls well as the direct adverse impact on the
patients and their families, CHD also carries significatietal and economic implicatians
Furthermore, infants born witcomplex congenital heart disease are not only at risk of
serious heartelated complications, but also of developing a deadly bowel disease, regardless
of the type of surgical intervention they receive for their hgdospital, 201,

In consideration of CHD surgery, it is important to consider not only immediate medical
result, but also the ongoing risk of increased probability of sudden death, exercise
intolerance, neurodevelomnt and psychological problems as well as {@rgh impacts on

the family unit as a whole. This mufaceted consideration is important because:

1 The risk of late sudden death for patients surviving operation for common CHD is 25 to

100 times greater thaan agematched control populatiaisilka et al.,1998.
1 Exercise intolerance is significantly increased in many survivors of the surgery.

1 More than 50% of patients after surgery demonstrate abnormalities in neurodevelopment

testing.

1 Between 1in-8 and 1in-3 of survivors exhibit podraumatic stress disorder (PTSD) and

a further similar percentage display signs of PTSD symp{8msAmitay et al., 2006

1 Children with complex CHD are rated by their parents and their teachers as being more

withdrawn, experiencing nme social problems and engaged in fewer physical activities.
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1 Fewer parents have attachment relationships with their-@fated infants compared to
those of healthy infant@Goldberg & Rock, 1992and parents of childrenith CHD are

found to be overprotective, overindulgent and inconsistent in disciplining their children.

1 Families of children with CHD experience more financial strain and greater familial/social
stress compared to control gro@aseyet al.,1996As can be seen the decisions relating

to treatment strategies for children suffering from CHD are both lsongmd high risk.

Congenital heart defect/disease asstructural problem with the heart present at birth.
Congenital heart defect/diseassuls when a mishap occurs during heart development soon
after conception and often before the mother is awatestie is pregnant. Defects range in
severity from simple problems, such as "holes" between chambers of the heart, to very severe
malformations, such as complete absence of one or more chambers o(Shtudsy et al.,

2007).

A numberof differing classification systems exist for congenital heart defects. In 2000 the
International Congenital Heart Surgery Nomenclature was developed to provide a generic

classification syster(Shanley et al., 2007as followed:
1 Hypoplastic left eart syndrome and Hypoplastic right heart syndrome

Hypoplasia can affect the heart, typically resulting in the underdevelopment of the right
ventricle or the left ventricléShanley et al., 2007 This results in only one side of the heart
capable & pumping blood to the body and lungs effectivglghanley et al., 2007
Hypoplasia of the heart is rare but is the most serious form of (SHBnley et al., 20071t

is called hypoplastic left heart syndroifi¥_HS) when it affects the lefide of the heart and
hypoplastic right heart syndronfelRHS) when it affects the right side of the heart. In both
conditions, the presence of a patent ductus arteriosus (and, when hypoplasia affects the right
side of the heart, a patent foramen ovaleyital to the infant's ability to survive until
emergency heart surgery can be performed, since without these pathways blood cannot

circulate to the body (or lungs, depending on which side of the heart is defective).
1 Obstruction defects

Obstruction defest occur when heart valves, arteries, or veins are abnormally narrow or
blocked. Common defects include pulmonic stenosis, aortic stenosis, and coarctation of the

aorta, with other types such as bicuspid aortic valve stenosis and subaortic stenosis being
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comparatively rare. Any narrowing or blockage can cause heart enlargement or hypertension
(Jenkins et al., 2007

1 Septal defects

The septum is a wall of tissue which separates the left heart from the right heart. Defects in
the interatrial septum or the interventricular septulomablood to flow from the left side of

the heart to the right, reducing the heart's efficiefdenkins et al., 200 entricular septal
defects are collectively the most common type of C@inette & Sahn, 2006 although
approximagly 30% of adults have a type of atrial septal defect called probe patent foramen

ovale(Jacobson, 2032
1 Cyanotic defects

Cyanotic heart defects aleown assuch because they result in cyanosis, a bigrsly
discoloration of the skin due to a lack of oxygen in the bisbues Such defects include
persistent truncus arteriosus, total anomalous pulmonary venous connection, tetralogy of

Fallot, transposition of the great vessels, and tricuspid afsiéins et al., 2007)

This research is aiming tdetect some risk factorassociated with hypoplas left heart

syndrome in patients with CHD.

In this research, thbypoplasticleft heart syndromés seenas thecondition withmost risk

associated with surgical procedures involv@igD surgeryfor children.

6.3.1Hypoplastic L eft Heart Syndrome

Hypoplastc left heart syndrome is one of the more common congdvatat defects and is
the most common anomaly resulting in defatim congenital heart disease during the first
year of lifein the United StateEgan & Festa, 20312/an der Bom et al., 2011

The 1980s witnegsl the simultaneoudevelopment and implementation of two surgical
approaches tithe neonate with HLHS. Norwood et(Blorwood, 1991 Norwoodet al.,1983
reported the first successfuidpplication of staged reconstructive surgery and have

subsequentlyreported studies involvinga sizable group of patients undergoing such a
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sequencef surgical theapy. Bailey et al(Bailey et al., 1986in contrast, have introduced
and espoused transplantation in the neonatal perioHEbtS. Both of these treatment
options have their particular difficulti@sd limitations. Neonatal cardiac allotransplantation
is acutelylimited by the supply of suitable donor heafShrisant et al., 2005 The
reconstructivepproach requires a sequence of technically demanding proctthiresmy be
fraught with high operative mortality and signifitanterstage attritiorfJacobs et al., 2011
A previous analysis of @surgeon'experience with staged reconstructisnggestedhat
some HLHS subgroups are athigher risk for mortality and attritioiGhanayem et al.,
2012. To address this apparent discrepancy and to identifyadditional patient or
procedurespecific risk factors relatet first-stage palliabn of HLHS, the records ofll
patients’ who underwent stage | palliation for HLM®re reviewed at Boston Children's
Hospital between January 1983 and June 1@@&nayenet al., 2012

Specifically, stage | mortality, survival to secestdge palliationand actuarial survival

among patients whsurvived stage | palliatiowereexamined.

Due tothecopy right issue, thiBgureis omitted.

Figure 5. Bar graph showing hospital mortality according to anatomic subtype
(Ghanayem et al., 20)2

HLHS patients with MS/AS mayndergo a course of reconstructive paMatsurgery with
overall results similar to those currently offered by cardiac transplantdfom et al.,
2013.Patients with other anatonalcsubtypes faa# significant earlymortality but are now
more likely to survive to subsequent palliatpmeceduregMarshall et al.2012. Given the
short supply of organ donors, the magpropriate HLHS patients for transplantation are
those witheither mitral or aortic valve atresia, particularly those wieigh <3 kg and/or

have an ascending aorta diameter ofrs2 (Marshall et al., 2012
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6.3.2 HLHS Risk Factors

To identify all patients with HLHS seen at C. S. Mott Children's Hospital, University of
Michigan Medical Center, between January 1990 and August 1995, the Pdciathiclogy
Diagnostic File and the Pediatric Cardiovascular Surgery Database were searched for the
diagnosis of hypoplastic left ventricle and Norwood procedure, respecfidelye et al.,

2012. Records were reviewed for all identified patients whose birth dates fell between
January 1, 1990 andugust 31, 1995. A total of 164 patients with the diagnosis of HLHS
were identified. Among the patients, 31 were considered at higlamdkvere categorized

using the followingtems:

Noncardiac congenital condition
Prematurity/low birth weight
Chromosmonal anomaly
Galactosemia

Absent corpus callosum

Anal atresia

Chronic renal failure

Multiple limb defects

Congenital diaphragmatic hernia
Recurrent left atrial tumor
Hypothyroidism and portal fibrosis

Pulmonary venous obstruction

=4 =2 =4 A4 A4 A4 -5 -5 A2 -5 -2 -2 -2

Age > 1 month

Although some relevant researdentified a number ofisk factors,l couldn't find such
significant categoriefor detecting risk factors in HLHS his lack of relevant information in
the literature led us tdesign a multidimensional model thistbased onother important

categories of risk factors affected by HLHS.

From the literature review, different risk categories for CHilirgeryare recognizedand a
numberof them are presented through followed sections.
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6.3.3CHD Surgery Risks PresentedBased onSurgery Phases

Based on available outcome data, it is clear that the risk is high for-devetopemental
impairments in patients with CHD postoperatively. For example several risk factors for
adverse neurodevelopmental sequelae have been identified and can bedclags

preoperative, intraoperative, and postoperative fa¢kdastinezBiarge et al.2013.
1 Preoperative factors

The incidence of associated structural brain abnormalities and acquired lesions such as PVL
and hypoxic ischemic injury is high in patients with CHD and can be detected by
neuroimaging preoperatly (Chock et al., 2006§. This obviously impacts
neurodevelopmental outcome. Sevpreoperative acidosis, hypoxia, aocardio circulatory
insufficiency have also been correlatgih poor outcomgSnookes et al., 20L0OCHD can

be a feature of several different genetic syndromes that have associated neurodevelopmental
profiles. For example, Trisomy 21 and velocardiofacial (VCFS) syndrome, well known
syndromes associated with CHD, are also characterized by developmentalLdgless
O6Neill )t al., 2006

1 Intraoperative factors

Cardiopulmonary bypass (CPB) allows for continued perfusion of vital organs during repair
of CHD (Clark, 2009. Potential deleterious effects include embolianptications and
activation of inflammatory pathway@ealy et al., 2012. Several studies have correlated
prolonged CPB time with poor nmdevelopmental outcome. Deep hypothermic Circulatory
Arrest (DHCA) is used in some infants who require extensive repair of complex CHD
(Markowitz et al.,2007). Duration of DHCA likewise has been correlated with poor outcome.
The duration of the safe periodDHCA has not been clearly delineated. However, very long
DHCA times (>4560 min) have been linked to greater mortality, neuromotor deficits, and
global delay§Markowitz et al., 200Y The Boston Circulatory Arrest Trial provided further
evidence for the disadvantageous effects of DHCA when compared-ftoleM\ZPB (Straub

et al.,, 2008 This is consistent with animal data that demonstrates reduction in neuronal
apoptoss and histological injury when antegrade cerebral perfusion is preserved with LFB
compared to DHCAMarkowitz et al., 200). Emerging surgical techniques are now focused
on improving newlogic outcome for patients with CHD. New hybrid strategies in the repair
of hypoplastic left heart syndrome (HLHS) allow for avoidance of CPB and DHCA during
the neonatal perio@Straub et al., 20Q08and regional lowflow cerebral perfusion (RLFP)

49



mechanisms allow for continued brain perfusion and avoidance of DHCA during aortic arch
recongruction (Visconti et al., 2006 Whether or not these will improve loigrm outcomes

in this population is still to be determined. Other intraoperative management strategies have
also been emined with regard to neurodevelopmental outcome. Jonas(20@8 reported

results from a randomized trial comparing a lower (20%) versus higher (30%) hematocrit
hemodilution strategy during CPB and found that the lower hematocrit group had

significanty lower Bayley PDI scores at 1 year follawp (Jonas et al., 2003
91 Postoperative factors

The postoperative management is aimed at maintaining the delicate balance between the
systemic and pulmonary vascular resistances and avoiding shifts of either one relative to the
other (Bizzarro & Gross, 2005 Ideally, the systemic arterial oxygen saturation should be
maintained at 75% to 80%, which generally indicates that the pulmtmagstenic blood

flow ratio is less than 1.8izzarro & Gross, 2005 A continuous infusion of fentany, begun
during the operation and maintained for 24i&hours, is used to blunt the stress response of
the pulmonary vasculature and prevent important fluctuations in systemic oxygen saturation

that may be provoked with noxious stimuli, such as suctiofBirxarro & Gross, 2005

Management of infants with CHD in the immediate postoperative period is crucial as several
treatable or avoidable postoperative complications may fmwvémpact on longterm
outcome. Reports from the Boston Circulatory Arrest Trial demonstrated that transient
postoperative clinical and electroencephalographic seizures were associated with worse
neurodevelopmental outcomes at ages 1 and 4 @aysor et al., 2006 However, a recent

report by Gaynor et al(2006 on a mixed population of cardiac lesions, suggested that
postoperative seizures were not predictive of a worse outcome at 1 year(Gfagger, et

al., 200§. Frontal onset of a seizure was associated with a worse psychomotor outcome in
this population. Thus, it remains unclear if seizures are simply a marker of CNS injury or a

true predictor of outcome, although there is some evidence for thgMterhi et al., 200y

Postoperative temperature control is critical as hyperthermia is known to be detrimental in the
presence of ypoxic ischemic injury(Polderman & Herold, 2009 Mild post ischemic
hyperthermia has been shown to significantly exacerbate functional and structural neurologic
injury after deep hypothermic circulatory arrest in animal modEislderman, 2004
Similarly, decreased systemic oxygen delivery may also further contribute to CNS injury
(Polderman, 2004
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In a small number of patients, Hoffman et @005 showed that systemic venous oxygen
saturation was a significant risk factor for poor neurodevelopmental outcome and ghat thi
risk was directly correlated to increasing time spent with systemic venous oxygen saturation
<40% (Hoffmanet al., 2003 Hamrick et al(2003 reported outcomes isurviving patients

with CHD supported with postoperative ECMO. Only 13% of patients survived completely
intact, with 50%a suspect or abnormal cognitive outcome and 28% \waitbuspect or

abnormaneuromotor outcomg@Hamrick et al., 20083

6.3.4Risk Factors Based on Prenatal and PostnatdDiagnosis

HLHS is proportionately one of the most common congenital cardiac defects diagnosed
prenatally, because standardlanber views obtained during routine obstetrical ultrasounds
demonstrate hallmark findings of either a small left side or an echogenic left ventricle
(Friedberg et al., 2009In addition, there isisually reversalléft to right) shunting across the
foramen ovale and often retrograde aortic arch flow, all easily recognized hy-tiole
Dopplerimaging(Donofrio et al.,2004). Prenatal diagnosis of HLHS has clear advantages. It
allows time to counsel parents and time for both parents and physiaiamg for the patient

to plan perinatal management aagbkessome relevant risk factors eémablesurgery for new

born. Table 6 defines some main variables iprenatallyand PostnatalDiagnosed Patients
Undergoing Stage 1 Palliation of HLHS in Bostorspital in 2001.

Table 6. Demographic and Surgical variables in Prenatal and Postnatal Diagnosed Patients Undergoing Stage 1
Palliation of HLHS
(Donofrio et al., 200%

Due tothecopy right issue, thigbleis omitted.
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Prenatal diagnosis of HLHS affords the opportunity dounselling and perinatal planning
(Donofrio et al, 2004. For patients in whom surgical palliation is elected, prenatal diagnosis
provides an opportunity to avoid the preoperative hemodynamic and metabolic insult so
frequently seen in those diagnosed postnatal(Donofrio et al., 2004 This improved
preoperative state may, in turn, contribute tproved survival after firsstage palliation, as

was seen to be the case in our experience.

6.3.5Risk Factors Based onSurgery Procedures

HLHS has three essential surgy procedures that they areoNdsurrey, HerFontan or

BCPSsurgery and Fontan surgergspectively:
1 Norwood Procedure

Although the basic principles for each of the three stages remain consistent, modifications in
operative techniques continue to result in improved outcdMasshall, et al., 201)2

The essential elements of the Norwood operation are the provision of unobstructed systemic
and coronary blood flow with aortiarch augmentation, relief of pulmonary venous
obstruction by atrial septectomy, and control of pulmonary blood flow through a restrictive
systemic to pulmonary artery shuiurck et al., 2010 The reconstruction of the aorta and

its association with the pulmonary valve must be performed without excessive dilatation of

the allograftpatchin orderto avoid compression of the left pulmonary artery.

Early in our experiencesompression of the left pulmonary artagsulted in someften
subtleleft pulmonary artery obstruction that only became hemodynamically significant after
the Fonta procedure, when the entire cardiac output passes through thegMergall, et

al, 2012. Obstruction to pulmonary artery blood flow was believed to be the most
significant contributing factor to death among the early patients in this series undergoing the
Fontan procedure. More streamlined tailoring of the allograft patch at tte dinthe
Norwood procedure and routine augmentation of the left pulmonary artery at the time of the
hemtFontan procedure has improved substantially this important problem in the more recent
patients. Reconstruction of the aorta to provide unobstructeayr artery flow presents a
technical challenge when the ascending aorta is less than 2 to 3 mm in d{dtaesbiall, et

al., 2012. However, careful alignment of the aorta with the proximal pulmonary artery to

avoid rotation or kinking is possible, even in patients with an extremely diminutive ascending
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aorta. Prior analyses from thand other institutions failed to identify the size of the

ascending aorta as a risk factor for dg&trck et al., 2010

The control of pulmonary blood flow remains the most significant issue surrounding the
Norwood operation and is the factor associated most often with early death. The dynamic
balance between the systemic and pularg vascular resistance is altered easily and depends
on many factors. Although the size of the shunt itself is one major element, this must be
viewed in the context of the overall patient condition, particularly the status of the pulmonary
vascular restance. Older age at operation is likely to be associated with elevated resistance,
and postoperative pulmonary blood flow may be inadequate if too small a shunt is used
(Hehir et al.,2011). A similar, but usually transient, situation exists in patients with
pulmonary edema esulting from excessive pulmonary blood flow or obstruction to
pulmonary venous return. Conversely, a large shunt will provide too much flow when
resistance is low, and the resultant pulmonary over circulation will lead to low cardiac output,
systemic acidsis, and early death. Because postoperative condition is considerably more
stable when right ventricular volume overload is avoided by using a small shunt, the optimal
patient undergoing the Norwood procedure should have low pulmonary vascular resistance
and no increase in extra vascular lung wgteurck et al., 2010 Thus, the pa&tnts
undergoing firststage reconstruction beyond the neonatal period and those with obstructed
pulmonary venous return have posed a significantly greater risk. The group of patients
presenting with prematurity and low birth weight also have posed aeasen risk
predominantly from the inability to sufficiently limit pulmonary flow, even whem

polytetrafluoroethylene shunts are us€dehir et al., 20111

Recently,| have used standard Blaleckaussig shunts in patients weighing less than 2.5 kg
and have noted more appropriate pulmonary bl@od, possibly because the smaller

subclavian artery acts as the flow regulating ve@agick et al., 2010

This modification recently has been used successfully in five consecutive patients weighing
less than 2.1 kg. Between January 1, 1998 and June 30, 2001, 158 infants underwent the
Nor wood procedur e at offRhiédelghia.i Ratient eanddaperative s p i t
variables were assessed as potential risk factors of operative (hospital discharge and at least
30 days after surgery) andygar mortality (Table7). Data are presented as medians and
rangeqTabbutt et al., 2012
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Table 7. Potential risk factors of operative in the Norwood procedure
(Tabbutt, et al., 2092

Due tothecopy right issue, thigbleis omitted.

Many factors are likelyo beresponsible for the improvement in operative swahfoellowing

the Norwood procedureThese factorgnclude improved surgical techniques, improved
perioperative management, and improved anesthetic techniques. Despite the improving
outcome, early survival for these children is still significantly lowentfaa other forms of

heart disease, which require neonatal surgical intervention.
91 Hemi-Fontan Procedure

Removal of the ventricular volume overload resulting from the systemic shunt has proven to
be an important step in reducing mortality from the Fontaxemure(Brown et al., 201}
However, when small shunts are usedhe first stage, pulmonary blood flowill rapidly
become insufficientor patient growthand the second stagéthe procedursvill be required

at an early agéBiglino et al, 2013. This has not resulted in an increased risk, however, and
hemiFontan procedures have been performed successfydbtientsasyoungas 1 month of
age(Kung et al., 201B The salutary effect of the hetfRontan procedure probably results
from the fact that after this operation, patients generally remain well palliated, fresk of r
factors, until they reach an age when they are more suitable candidates for the Fontan

procedurgMarshall et al., 2012 Therefore, it is essential that all risk factors be addressed at
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the second stagdhese risk factorsncluding tricuspid regurgitation, pulmonary artery
hypoplasia, residual obstruction to pulmonary venous retmd, systemic outflow tract

obstruction(Marshall et al., 2012 A potential connean for the inferior vena caval return

must be provided at the subsequent Fontan procedure to simplify thasstggally and

avoid the need for additional dissection, which may damage the sinus node or its arterial

supply.
9 Fontan Procedure

After a progrly constructed henffontan operation, the final stage of the reconstruction
should be the simplest procedure. It remains our preference to construct atriatiateral
tunnel, channeling the inferior vena cava to the pulmonary arteries througbnihecton
made at the previous operatidmouw & Gewillig, 2013. Removal of the temporary wall
separating the superior vena cava to pulmonary artery amassfrom the right atrium will
result in a large unobstructed pathw@yiordano et al., 2013 Therefore, the operative
dissection is kept to a minimum, which redsidelood loss and potential injury to the
conduction system and phrenic ner¢@srdano, et al., 20)3Total cardiopulmonary bypass
time and aortic cross clamp tinaso are minimized, resulting in less perioperative edema
and pulmonary dysfunctio(Rebeyka et al., 20)3Since adopting these strategies at our
institution, the risk of the Fontan procedure has decreased dramatically and the postoperative

courses have been mostly uncomplicated.

Ten criteia which would permit a good outcome after the Fontan operdiawe been
identified The ten commandments included data which could be obtained before surgery by
examining the patient, and carrying out tests like echocardiography and cardiac

catheterizatn.

Here is a list of the ten criter(ebeyka et al., 20)3

Age above 4 years

No distortion of lung arteries from prior shunt surgery
Normal venous drainage

Normal ventricular function

Adequate pulmonary artery size

No atrio-ventricular valve leak

=4 =2 4 A4 -4 A -

Low pulmonary artery pressure (b& 15 mmHQ)
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1 Low lung blood vessel resistance
1 Normal heart rhythm

1 Normal right atrial size

In effect, all these criterieelateto ensuringthat the resistance of blood vessels in the lung
was not too high. A high resistance would interfere with padsing blood flow. This could

be produced by very small pulmonary arteries, blood vessel wall thickening and hardening,
mitral valve leak or reduced function of the left ventricle. In all of these conditions, a Fontan

operation would not be performed, oodified to reduce the risks.

The Fontan operation has been modified many tisivese its firstdescription(Hirsch et al.,
2008. Each modification aimed to avoid one of the drawbacks of the previous dfpes
surgery While some are definitely better,hetrs are not very differefP6 Ud e k em et
2007). | am still striving to devise the "best" type of Fontan repair for each group or

individual.

As the researcher hasentioned earlier, in the original Fontapeoation, the venous blood
was diverted to the lungs directly from the right atrium, and the ASD was ¢loéed d e k e m,
et al., 200J. While the original Fontanoperationused an artificial valve between théenor

vena cava (IVC) and the right atrium, future modifications eliminatedltbisw & Gewillig,

2013.

The aims of the "ideal" Fontan operation @reuw & Gewillig, 2013:

To achieve a smooth stredmed blood flow from veins to the lungs
To retain growth potential as the child becomes older

To avoid ug of artificial materials

= = =4 =4

To be adaptable to patients of any age group

Table 8. Independentrisk factors in stage 1 for death through Fontan completion
(Louw & Gewillig, 2013

Due tothecopy right issue, thigbleis omitted.
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6.3.6Risk Factors Based onSurgery Stages

Staged reconstructive surgery has radically altered the prognosis of hypoplastic left heart syndrome
(HLHS). Antenath diagnosis allows for appropriate counseling and time to consider treatment

options.In table9, some risk factors in different surgery stages are presented.

Table 9. Risk factors based on surgery stages

Boston Group Boston Group

a smaller Ascending Aortd€.001), ascending aorta diamet2.5 mm P=.018) and
those in whom synthetic tube grafisre used in
Aortic Atresia P<.001), neoaortic reconstructiofP€.03) were less likelio

survive to a secondtage operation
Mitral Atresia P=.002)

Sex .362
Risk Factor P

Age at operation .543

Weight <3 kg .946
Sex .146

Anatomic subtype .001%
Anatomic subtype .0632

Ascending aorta <2.5 mi .018
RV function 119

Stage | procedure type .059
Restrictive ASD 212

Surgeon .845
Stage | procedure type .542

PA-Ao material 03F
Delayed chest closure .218

Shunt type .025
Lowest recordegH 191

Delayed sternal closure .024°
Ascending aorta <2 mm  .00Z

CPB >median .748
Circulatory arrest >median .170

Circulatory arrest >medii .623

Weight <3 kg 0242

Year of operation .001%
Coarctation .375
Tricuspid regurgitation 723 PA-Ao (pulmonary artery
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Surgeon 439
Shunt type 521
Age .638
Immed. preop pH 0172
CPB >median <.007
Year of operation 242

RV indicates right ventricular; ASD, atrial septal defeg
Immed. Preop pH, plasma pH immediately before sta|
| operation; and CPB, cardiopulmonary bypass.

Significant by multivariate analysi®€.05).

Significant by univariate analysi®<€.05).

Taorta) material indicates type of prosthetic materi
used in neoaortic reconstruction; Shunt type, type
systemiepulmonary shunt; and CPB,

cardiopulmonary bypass.
2 Significant by multivariate analysi®€.05).

3 Significant by univariate analysi{P<.05).
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6.3.7Process Across CHD Surgery

To claify the effective place of intelligent solutions in CDSSs, in this research the broad
deynition of decisi on s(Mgragas,r2008 Asddmonstrateth e s | s
figure7, it is defined as the set of activities within unstructured or sractured decision

context that are aimed to support rather than replace the decision maker &oiltpté

|l earning on the DMO0s behal f, and are wusing

edectiveness of the decision making proo@darakas, 2008

Due tothecopy right issue, thigureis omitted.

Figure 6. The clinical decision context
Adapted from(Marakas, 2003Zhuang et al.2009
Decisionrmaking regarding surgery for infants with congenit@lart disease (CHD) is
especially multifaceted and complex. Patients may havargty of symptoms, but are often
quite functional, and therefore, it is appealingean towards a complete amaical repair
(Reddyet al.,1997). However, ifthe decision is for late repair, risks and benefits of surgery
mustbe weighed against potential risks of not proceeding with the suif§temnatis, 2010
Moreover, the decision to treat CHD with either drugs, or syrgera combination of both
depends on a large number of faci@sy & Brunton, 200§.

The decision making process in the context of CHD can be divided into three phases (Figure

8). In the first or preoperation phase, the surgeon, having received enough inforraatorm

the patient and his/her medical condition, makes a decision relating to whether surgery is the
best medical option. Once this decision is made but before surgery, the parents must decide
whet her to accept or r e]j eatidnofthh gredistedrogoermes.6 s d e
Once parents and surgeons have agreed to proceed, in phas®@ datisions pertaining to

the unique situations during the surgery must be addressed. Finally, in the post operating
phase, or phase 3, decision makingrisarily done at two levels;

a) Strategiesto ensure a sustained successful result for the patient during aftercare and

beyond, and
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b) Recordof lessons learnt for use in future similar cases.

To capture this complexity, two steps of decision makirgdefinedin three different and

key phases of the decision making process for CHD surgery. The first type of decision

making i s cdhaddiedi dimumagkicmdo as it is primar.i
The secondtypeisal | ed @A pamarkt aalgod dbeicaiucre some sur g
as fnAquality of i feo) directly affects the

whether to proceed with the surgery. Fig8rehows the decision making framewdrkave
developed based on the keyaghs explained above.

Operative Operative

Decision Decision
Making by Making by

Surgeons Surgeons

Decision

Making by
Patients/
Parents

Figure 7. Decision making framework across the CHD surgeryMoghimi et al. 2011)

To clarify the function of the decision making framework across CHD surgery for this study,
| summarize current surgery stegosd the associated decision making process in one of the
common CHD classifications; Hypoplastic Left Heart Syndrome (HLHS) in fi§uiLHS
patients, usually have three types of surgery during their childhaatment period.
Norwood, BCPSand Fontan i@ most recent surgeries that are conducted to patients in
different age and conditions. However, the Norwood surgery is still much more complex and
risky with a high rate of mortality and morbidity.

As is depicted in figur®, the current statgypically involvesthe parental decisioand whilst

the parental decision isignificant, is often not recognized as a key component of the
healthcare outcom&he surgicaldecision making processn the other hands clear in all
critical steps. Thus, our proped IRD Model will be a valuable Model to apply in the
highlighted stepsn Figure 9, in all three surgery phases and surgery types to predict the
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operationoutcomea by detecting risk factors to assist parents as well as surgeamsking

superior decisins.

— Applying Surgery P  Assess the short-term
Fetal DX Neonatal DX procedures & techniques Cutcomes
e *
| Terminated I Live bom 4"'—-.._,--—_--—_"“5
Structured Semi or Assess the long-term
R Decisions Unstructured Cutcomes
No Staged reconstructive Early death Do
surgery surgery A
v B e
Procedure/type \‘
— /
Choosing Surgery details like Periodic
time & techniques assessments
|
\ . > - 7 N\, -’

Figure 8. Flow Diagram of Key Steps with CHD Surgery in the case of HLHS to Demonstrate the Importance of the IRD Model

Although DSSs in the healthcare area is generally well discussed, aceepfascch
solutions tends toedlow because doctors (the primary users) are reluctant to use computers
(Baldwin, 200). Close consideration must also be paid to ensuring the clinical utility of any
proposed solutionThis researcltontend that by incorporating real time risk detectibe

IRD Modelis likely to then become more relevant and helpfulolwhin turn will enhance its

utility and thus adoption.

6.4 Implication of Literature to This Study
After conducting a comprehensive literature review around key concetitis efudy, it has

beenfound that an Intelligent Risk Detection (IRD) model in suppmd better treatment
decisiors madeduring and after surgery can provide superior healthcare outcomes for the
patients and their families. In developing a solutsuth as the IRDit is necessary to
combinethe three key areas of knowledge discovergkrdetection with decision support
systems (figurel0). This then representshe important contributiorthatthis researcimakes

to both theory and practice the healthcare context.
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Tt is important to
note that the
proposed IRD model
draws primarily
from 3 significant
bodies of literature,
RD, KD and DSS
and its foundations
are derived from the
IC model

Figure 9. Key contexts of the literature revew (Moghimi et al 2011)

Table 10, presents key findings through the literature review mostly in recent in 10 year2({2803

Table 10. Key Findings in Literature review in 10 years (20032013)

(Gagnon et al., 2032 Review investigating facilitators and barriers to H patient/health professional
implemenation: design, technical concerns, familiar| interaction

with technology, time consuming nature of use
increased workload, lack of compatibility with existir
work practices, interoperability, concerns about valig
of resources, cost, legal issues, patienithe
professional interaction, applicability to patients, attitd
of colleagues toward technology, role boundaries
changes in tasks, material resources.

(Cresswell & Sheikh, A number of social aspects surrounding technologl Socioi technical aspects of
2012 innovation are highlighted throughout the literature| technological innovation in
increasing the chancesfofs uc ces sf ul 0 il healthcare

(Keshavjee et al., 2006 | Canadian reew of what makes EMR implementatiq Importance of three factors of
successful, developed a framework based on revie\ people, process and technology
qualitative implementation literature, followed principl
of

systematic review, 125 included qualitative articles

A high incidence of fail
Athere are several existing models that describe fa
for successful implementation but none of these
inclusive enough

A technology is i mpleme
time, people/processes and technology are invol
strong leadership is impi@ant, stakeholde
communication
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and engagement is important, implementation ig

dynamic and evolving learning process, usability

important

Framework:

A divides implementati of
implementation, implementation and po

implemenation
A amgt drs identiyed can
of the phases

A identiyed factors can

A factors divided into

technology
(Ludwick & Doucette, Canadian redw of EMR adoption in primary car| The importance of socitechnical
2009 looking at articles from a range of countries with a vi| factors

to identify lessons learned from EMR implementatiq
(but

examined evidence from a range of care settings), fq
that focus of articles was on sociotechnical dest
similar factors seemed important across care sett
also

included grey literature/government and professig
bodies literature

A Found -technical factoos aver® most importa
for successful implementation, important that the n

system yts in with exist
practices
A Barriers were identiye

on patient safety, priey, impact on healthcar
professiondlpatient relationship, reservations fro

users, implementation time needed, cost issues

(Mair et al., 200y Examined barriers and facilitators to the implemental The importance of , inadequate
of HIT and found technology design factors, heg inter-agency cooperation and
professional interactions, and organizational factors t( positive interagency ceoperation
Important Key barriers include: inadequate informat]
management, inadequate inteagency cooperatiorn
intrusive technology/rigidity of system, cost, lack
testing

Key facilitators include: positive inteagency ce
operation, pbexibility,
willingness, ability to order information

Other factos: health professional/patient relationships

(Kuhn, et al., 2006 To identify currentthallenges and development in heg The importance of socitechnical
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information systems, soci@chnical issues were rankq factors and also patient
highly important in interactive and communicative heg empowerment
information  systems environment. Also patid
empowerment was identified as an important issug
improve the practice of healthcare by patients to
active participants in the care process.

(Kuhn, et al., 2006 Through updating a systematic review on the barriers| The importance of shared decisi
facilitators to implement shared decisioraking in| making process

clinical practice, potential contribution of shared decis
making models to the improvement of the decis
making process quality is emphasizedsdlitis stated
t hat AfPatientsd demand
decisions has been increasing. In order to help pat
understand potential risks and benefits of a proced
and select the option that best accommodates
personal needs, inforrian has to be coupled with high
qual ity decision counsel

(Elwyn et al., 201p Creation ofa platform of tools to provide information { The importance of shared decisic
doctors and patients should be the first step in giy making process
patients choice about their treatment.

(Bates et al., 2003 To develop an effective decision support syst¢ Technical factors:
clinician information needs must be anticipatadd 1 Anticipate needs and
deliver tocliniciansin real time. Also, Maintaining the deliver in real time
knowledge within the system and managing 1 Adapting Knowledge
individual pieces of the system are critical to succes driven approach
delivery of decision support. Moreover istfound that it f  Regular evalations

is useful to track the frequey of alerts and reminder
and user responses and have someone, usual
information systems, evaluate the resulting reports (¢
regular basis.

(Kawamoto, et al., 2005 | To identify featwes of successful clinical decisig computer based decision suppor
support process, four features are identified: auton]
provision of decision support as part of clinici
workflow, provision of recommendations rather than j
assessment, provision of decision support at the tirde
location of decision making, and computer ba

decision support.

(Rosenstein & O'Daniel, | The factor most influential in reducing sentinel eve| Importance of relationships
2005 and their potentially negative effects on clinig among clinicians
outcomes is improvement of relationships amg

clinicians.

(Zwarenstein & Reeves, | Policymakers, manage and clinicians have a growif | mpor t ance of ¢
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2006

interest in interveni

two

ng

major approaches: 1) quality and saf

improvements by systematically analysing c¢

processes, and 2) Inter professional education

interventions to feter collaboration

relationships

(Menearet al., 2012

Now more than ever, there is a need to embed knowl
translation (KT) strategies within care practice ¢
research to ensure application of relevant findings
practice, overcome the typically slow uptake of evide
into everyday care, and support primary care refor
Advancing both the practice and science of KT
necessarily require that the worlds of care practice
research be brought much closer together.

Importance of knowledge

translation

(Lai, 2012

To be respectful of pmnts and parents/guardial
participation and decisions, shared decigimking
(SDM) between health care professionals, patie
parents and guardians is widely recommended today.

Importance of shared decision
making (SDM)

(Whitney, et al., 2008

Typically, cases using SDM are of major importance
high
share@l decision making, were highly relevant, f

uncertainty in whi
example, continuing life support for patients in
persistent vegetative state, surgery for localized b
cancer, or care or termination of care for severely bu

persons

Importance of shared decision
making (SDM)

(Haug, et al., 2007

According to Hauge et a{2007)study, two elements o
medical decision support applications are critical to tk
success, independent of the implementation environn|
as followed:

1) The mechanism by which the systems acquire the
used in their decision algorithms; and

2) The interface through which they interact w

clinicians/users to report their result

The importance of design factors

(Cerrito, 2011)

Unfortunately, many decisions are based upon

incorrect knowledge of ris{Cerrito, 201)

The importance of risk assessme
and detection

(Van der Weijdenet al.,
2008

In communicating cardiovascular disease risk, prim
care physicians must be aware that they mostpenter
low-risk patients and that the perceived risk does
necessarily correspond with the actual riBhysicians
should be skilled in the use of effective formats for r
communication that are ideally integrated within pati

decision aids for cdiovascular risk management.

The importance of risk assessme
and detection

(Karmali & Lloyd-Jones,

It is suggested that @station of lifetime risk and othe

The importance of risk assessme
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require subjective interpretation, and different users 1
obtain opposite ratings of the same quantitative ri
These Imitations suggest that risk matrices should
used with caution, and only with careful explanations
embedded judgments.

2013 novel methods of risk communication, such as-ri and detection

adjusted age, should be used as an adjuncty@d0risk

estimation.
(AnthonyTony Cox, Inputs to risk matrices (e.g., frequency and seve The importance of risk assessme
2008 categorizations) and resulting outputs (i.e., risk ratirf and detection

(Farooq et al., 2032

Clinical risk assessment of chronic illnesses in
cardiovascular domain is quite a challenging ¢
complex task which entails the utilization of standardii
clinical practice guidelines and documentati
procedures to ensure clinical governance, efficient

consistent care for patients

The importance of risk assessme
and detection

(Ahmadet al.,2012

In conclusion, further developmt and implementatio
ofthe computemssisted healthisk assessments fqd
psychosocial health risks

should pay close attention to contsptecific social
aspects

of the technology.

The importance of risk assessme
and detection

(Sequis et al., 2012

To determine if electronic risk assessment and alert
physicians can improve the quality and safety of cf

pain evaluations.

The importance of risk assessme
and detection

(Jiang et al.2012

Developing a patiendriven adaptive predictiof
technique to improve personalized risk estimation

clinical decision support is critical.

The importance of risk assessme
and detection

(Maniet al.,2012

Risk forecasting can be used to plan prevention

intervention strategies.

Theimportance of risk assessme
and detection

(Amin et al.,2013

Data mining techniques have been very effective
designing clinical support systems because of its al
discover hidden patternand relationships in medicg

data.

The importance of data mining
followed by knowledge discovery,
in clinical decision support

(Gosain & Kumar, 2009

The study outcomes are t(l) present an evaluation (
techniques such as decision tree and association ru
predictthe occurrence of route of transmission baseq
treatment history of HIV patients. (2) Demonstrate t
data mining method can yield valuable new knowle
and pattern related to the HIV patient; (3) assesses
utilization of healthcareresources and demonstrate f{

socioeconomic, demographic and medical histories

The importance of data mining
followed by knowledge discovery

in clinical decision spport
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patient.

(Srinivas et al.2010

This research has developed a prototype Intelfigtart
Disease Prediction System (IHDPS) using med
profile such as age, sex, blood pressure and blood su
can predict the likelihood of patients getting he
disease.

The importance of data mining
followed by knowledge discovery,
in clinical decsion support

(Candelieriet al, 20093

The authors propose an innovative knowledge bag
platform of services for effective and efficient clinig
management of heart failure within elderly population,

The importance of a knowledge
based techniques

(Peter & Somasundaram,
2012

In this research paper, the use of pattern recognition
data mining techniques into risk prediction models in
clinical domain of cardioasculamedicineis proposed.
Also, in this research byse of classification model
which can nonline

implicitly detect complex

relationships between dependent and indepen
variables as well as the ability to detect all poss

interactions between predictor variables.

The importance of data mining
followed by knowledge discovery
in clinical decision support

(Bernabeet al.,2012

In this study, which examined decision theory
specifically through the expected utility theory and m
attribute utility theory, enable for an explicit al
ethically weighted rislbenefit evaluation. This makes
balanced ethical justification possible, and thus a n

rationally defensible decision making.

The importance of risk assessme
in clinical decision making
process

6.5 The Theoretical Approach of the Research

Identified gaps in literature review in order to develop an intelligent risk detection application

are preented at tabl&1.

parties

Real time communication/ relationsh

and knowledge transition between ca

Table 11. Gaps in the literature review

in real time.

Lack of communication facilitators to sharédrmation,

knowledge and decision between clinicians and between clinici
to patients of their families in order to support clinical decisions
understanding the treatment risk factors and anticipated outcon

Socictechnical issues

data importance and timing issues.

Lack of some specific Socitechnical components in healthcare t

make a successful implementation of a new technology to addr

Technology Acceptance Issues

Resistance between healthcare professionals to accept newteo

based technologies due to the importance of accuracy and priv
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To addresghe gaps and challengetescribed irtable 11, the proposed IRD framework has
been designed based d¢ime three following theoretical foundations. The first theoretical
founddion is User Centred Design (UCD), an information system design approach with a
strong focus orthe designof a system through understanding and supporting the interests,
needs and work practice of the intended ugawsson & Fitzgerald, 2008Gulliksen et al.,

2003 Norman & Draper, 1986 The second theetical foundation is based on Network
Centric HealthCare Operations (NHCO), as an unhindered networking operation within and
among all three domains that govern all activities conducted in healthcare Spl&2® are

based on free, MuHdirectional flow &ad exchange of information and utilizing all available
means of (Information Computer/Communication Technoloy2T to facilitate such
operations (Lubitz and Wickramasinghe 2006a,b). The third theoretical foundation is the
Intelligence Continuum (IC) Modledefined as a collection of key tools, techniques and
processesised int oday 6s Kk nowlTkeedogle techmiques @amd yprocesses include
but not limited to data mining, BI/BA and KMgndtaken together they represent a very
powerful system for refing the raw data material stored in data marts and/or data
warehouses by maximizing the value and utility of these data assets for any organization
(Wickramasinghe and Schaffer 2006).

6.5.1Development ofthe Conceptual Framework

In order to realise the proped IRD model, it is necessary to develop a conceptual model of
the decision making stages and risk assessment (fidgiurerhe lefemost block in figurell

depicts the first stage of risk assessment. The output of the risk assessment process will help
in determining importansurgery risk factors andill also assist irpredicting outcomes (in

risk detection block) based on the specific risk factors. piteelictedresults enable the
surgeons to then make better informed decisions regarding whether)(tw podceed with

the surgery in first phas# be followed by @econd and third surgical phase.

If the decision is indeed to proceed with the surgery, all relevant information then needs to be
passed on to the patients/parents, inquerative phasen order to allow them to make their

final decision regarding the surgery. Depending on their dediseva will be anove to

second phasef surgery,or the process will be concludediny such conflictbecome

feedback into the system for future risls@ssments for the same or other similar patient

conditions
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Figure 10. Preliminary conceptual framework (Moghimi et al. 2011)

1 Risk Assessment

Detecting the risk factors based on a risk assessment process using knowdedgery
techniques is a useful way assess improvements in surg@rgrrazabal et al., 2007 After

first identifying important risk factors in the literature, expert inpuit seek at two distinct

stages to address this subject. The specific stages involved in the risk assessment process are
shownin figure 11. In the first stage, the specialists through an expedmof surgeons are
presented with risk factors identified from the literature. The experts will then nominate (or
introduce) some main risk categories or dimensions as well as risk factors to be used in the
surgical decision making process. In the néags, in order to design a scoring mechanism,

the expert group will be asked to evaluate the risk factors and also define the relationships
between these factors or between these factorprasdntsome actual or anticipated surgery

results.

In the Scorig Mechanism, the surgeons can achieve consistent strategy execution and
monitoling of performance by trackin@ patient situation irthe surgery procedures, and
enhancing their relevant datéhe Balanced Scorecard can provide a complete view of the
risk factors, their levedf risk and their impact on surgical results via a risk detection process.
A value range of the risk factors wilen beextraced by the expert group, in order to define

the relevant key performance indicators (KPIs). Finally, risktang, the last step of the risk
assessment process, will serve to keep the model up to date by usingfresulsreport

made by comparing actual and anticipated results.
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1 Risk Detection Using Knowledge Discovery

To incorporate an intelligent technglp processinto the proposed risk assessment process,

this researchproposesa data mining process followed by knowledge discovery. In the
research case, the data types have a significant impact on the data mining tasks. Hence, after
finishing the data ct#cting phase, the suitableols forextracton will be neural networks

and association rule3his research will design a small database theludest he pati ent
data and also data to show risk factditsis will assist the research in applying theessary

data mining techniques and in developing and implementing the risk midaelkesearch

process themoves through steyd to 6 (below).

Stepl. Understand all clinical requirements, dataset structure and data mining tasks and

designing a dimensial data mart

Step2. Prepare target datasets: select and transform relevant features; data cleaning; data

integration. Communicate any findings during data preparation to domain experts.
Step3. Train multiple data mining models in randomly sampledtitjmars
Step4. Evaluate data mining models using a set of performance metrics.

Step5. Discuss the data mining results with domain experts. Explore potential patterns from
data mining results. If identify new risk factors or patterns, communicateultfgs) with
decision makers and determine the appropriate actions.

Step6. Go back to Step 1 if some new questions are raised during the process or new KPIs or

risk factors are discovered. Otherwise, finish and exit the process.

1 Applying Anticipated & A ctual Results

In the proposed conceptual moaelolved toevaluate a risk detection process, the actual
results will be compared with the anticipated results. This is becauseEcasionsctual
results present new risk factors or new measurenteipgul in assessg the risk factors.

This comparison would ban effectivesolution to create a final report to show some
important items, and finally apply them to the risk assessment process, for next iterations of

evaluations.
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6.6 Summary and Significance of Sidy Based on the Literature
Overall, considering the studyms and goalto improve the surgical decision efficiency by

detecting risk factors, more than 500 relevant publicationstal in the period2003 to 2013
were reviewed while almost 350 gfublications werdocused on Information Systems and
Health Informatics Approximately 150 of reviewed papersere related to healthcare
contexts. Through the initial literature review in healthcare conthd$ollowing issues and
challengeshavebeenidenified and demonstratihne importance of designing and developing

such a computer based risk detection decision support soastithre IRD

1 Lack of communication facilitators to share decisions between clinj@adsbetween
clinicians and patients or éir families in order to support clinical decisions by
understanding the treatment risk factors and anticipated out¢@aies et al., 2003

1 Lack of some specific Sociechnical components of people, process, technology and
environment in healthcare to make a successful implementation of a new technology
to address data importance and accuracy is@gsn et al., 2006Candelieri et al.

2009; Gosain and Kumar 2009; Srinivas et al. 2010; Peter and Somasundaram 2012;
Bernabe et al. 2A2; Yoo et al 2012; Padhy et al 2012; Amin et al. 2013).

1 Lack of a dynamic risk assessment system, in the healthcare cfffaeiisky et al.,

2004 Gambrill & Shlonsky, 2000 Greenland, 2012 Pancorbdidalgo,
Garcigdernandez, Lopekleding & AlvarezNieto, 2006 Ryan et al., 2012
Twetman, Fontana, & Featherstone, 2013

1 Lack of a multidimensional risk detection model/algoriti@nderson, Brodie,
Vincent, & Hanna, 20L12Aylin, Bottle, & Majeed, 2007 Gran, Fredriksen, &
Thunem, 2004 Staal, Hermanns, Schrijvers, %an Stel, 2013Trucco & Cavallin,

2009.

Therefore, to facilitate the ggical decision making process, it is realizgdthe researcher

that such contexts are appropriate for the application of an intelligent risk detection decision
support. This study proffers a suitable solution which combines the application of data
mining tools followed by Knowledge Discovery (KD) techniques to score key surgery risk
levels, assess surgery risks and thereby help medical professionals to make appropriate

clinical decisions.
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CHAPTER 3

Methodology & Research Design

This Chapterexanines the research methodologgd research desigadopted in this
study Chapter 3first outlines the philosophy that underpins the approach taken with the
researclanddiscusses he r esear cher 6s a(peptioro3aldidtusseIthee n e x |
rationale for the research design atataanalysis. The&Chapterthen outlines the reasons for
the adoption of singlecase study metho®€hapter 3also provides an overview of the data
collection methods used for tseudy, as well as the means used to arealye dataChapter
3 concludes with sections on the limitatiorfdtte research and ethical considerations.

7.1 Methodology
The researcheported in this thesis exploratoryin natureand is designed tachievethe

research aim of reducing the burden wfgery oncardiacpatients, their parents and society

Thestrategic benefitof this researclre well aligned witlthe research main objectives of:

A Exploringthe main components, barriers, issues and requirestertesign and develop
an Intelligent Rsk Detection framework to healthcare contextsch is then applied tthe
research case.

A Providing superior decision support in the healthczwatext specifically examining

decisions pertaining to CHD surgery.

To address the research objectives, thidysis designed to answer this question:

x How can an intelligent risk detection (IRD) Model be developed in the healthcare

contexts

Throughouthis research, a qualitative approach using an exemplar data site as a caise study
adoptedand the approacicorporatesvell established qualitative data collection techniques
(Boyatzis, 1998Glesne & Peshkin, 199%in, 1994 2003. The data collection techniques
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will assist incollecing requirements andapturing thanain components to develdipe IRD

Model, asan IT based framework in healthcare contexts (Mantzana et al). 2007

Qualitative approachmethodology has been increasingly applied much information

systems and health informatics resegBarbour, 1999Bradley et al.2007 Katsma et al.,
2007 Mantzana et al., 20QMyers, 1997 Yen & Bakken, 201p Qualitative nethodology
has been shown to l@esuitableapproach to explore requirements, potitgs and issues
with regard to developing a clinical IT/IS solutiofKaplanet al.,2004 Mantzana et al.,
2007).

The goal of qualitative research typically involves understanding a phenomenon from the
point of view of the participants to discovire actual process involved in producing the

results of such studiesvhich oftenlead to specificoutcomegKaplan & Maxwell, 200% .
Therefore, due t o tdrspectivesrpdesigiing arc edevadoing au s er s 6
computer based systemgualitativeresearchapproach can contribute to the explanation of
user6s behaviour and requirements with respe
and failure(Kaplan & Shaw, 2004

The many traditions of qualitative reseh include, but are not limited to, cultural
ethnography (Agar, 1994 Quinn, 200%, institutional ethnographyCampbell & Gregor,
2002, focus groupgKrueger & Casey, 2@@), in-depth interviewgGlaser& Strauss, 2009
Quinn, 200%, participant and nonparticipant observatiof@pradley, 1980 and hybrid
approaches that include partcompletemultiple study type¢Bradley et al., 2007

This study has important otributions to both theory and practice in healthcare dimease

of risk detection, while prevalent in many industries such as finance, has rarely if at all been
incorporated intoa healthcarecontext This in turn makes an intelligent risk detection
framework the preferred choide detect surgical risk factor§hus, our study proposes an
intelligent application for highevel surgicalrisk detection and outcome prediction to support

surgical decisions.

7.2 Case Study
In the field of information system$S) research, the case study methodolsgn accepted

method usedto investigate contemporary phenomena in their contexheson & Host,

2009. For example, Benbasat et @987)provide a brief overview of case study research in

73



information systemsin this researchhe general definition of the terro f case study is
applied,as used byto Robson(Robson, 200g Yin (Yin, 2003 and BenbasatBenbasat,
Goldstein, & Mead, 1987

Case study methodology was originally used primarily for exploratory purpostspme
researchers still limit case studieghis purpose, as discussed by Flyvbj&Q06).
(Flyvbjerg, 2009. The maincriteriafor acase studware(Perryet al.,2004):

1 Hasaresearch questidmeen determirgtatthe beginning of the study

1 Data is collected in a planned and consistent manner

1 Inferences are made from the data to answer the researtioigues

1 Explores a phenomenon, or produces an explanation, description, or causal analysis of
the research question

T Threats to validity are addressed in a sy

According to Runeson & Host (2009het key characteristics of a case stgtipuld beits
flexibility to cope with the complex and dynamic characteristics of real world phenomena,
like software engineering The case studgonclusions are based on a clgacture of
evidence, whether qualitative or quantitative, collected from multiplecesun a planed

and consistent mannérhe case study analysaslds to existing knowledge by being based on
previously established theory, if such exist, or by buildegv theory (Runeson & Host,

2009. In this research study, the single case study has been chosen in the contexts of
Congenital Heart Disease (CHD) in children, an area which requires complex high risk
decisims that need to be made expeditiously and accurately in order to ensure successful
healthcare outcomes.The power and potential of Business Intelligent and Data Mining
techniques to support treatment decision making scenarios is shown in this heatthisae ¢

The case studyvas conducted at he bi ggest public childreno
Victoria, Australia.

Theaspect of generalization ¢@nsidered in this research in the contexbofhat extent it is
possible to generalize the findings thagbua case study method, and to what exaeathe

findings are of interest to other people outside the investigated (Ehqadjerg, 2006.
Investigation of the relevance for other cases of this research wasthdoogh external

validity to assist in generalising the research findings.
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7.3 Research Design
To demonstrate the researdbsignsteps and phasefgure 11, is presented The research

consistf three main phasdmeingstudy design, qualitative data colliect and data analysis.
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: Literature review |
|
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| v ;
| Research Design I
& ' |
2 : v |
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n | |
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Figure 11. Research Design
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7.4 Ethical Considerations
At the time ofdesigninga case study, ethical considerations must be rftidger & Vinson,

2002. Theresearch study is to be strictly confined to ethical resgammtesseand it ishas
to beapproved by the Human Resela Ethics Committee (HREC) of tlrase study siteas a
low risk study. Howeverat RMIT University this research studyasassessed as a high risk
study due to access to sensitive data. Therefore, ethics appravadbtained fronRMIT

University in 2011as a high risk study.

After obtaining ethics approvalffom RMIT University and the Childréa hospital

qualitative data was collectedthe case study sitasing the followingnethods:

1 Individua semistructured interviews
1 Questionnaire
1 Observation
1 ReviewingData basg

1 Reviewingdocuments/files/reports
All patient datawas treated with the highest level of confidentially. Abllecteddataand
information was double dedentified to ensure the highest level of confidentiaktyd
anonymity Any /all patient data collectedvas disclosed only withthe participants'
permission, except as required by laRarentsof patientswere only selected if they
volunteeed to participate in this stugyat which time theywere given the semi structured
guestionnaee to complete and retur@onsentforms and information statementvere issued
to potential participants at this timeln this waythe researcherminimized/negate any
interaction with the thareseanchesséreaddl timeshiddiud uf f er e
of the sensitivity of the clinical context amdade efforts tavoid intruding into their lives

and unduly providing them any extra stresgrief.

All information wasstored securely in the Cardiology department at The Hospital and /or the
Sclool of Business IT and Logistics at RMIT University.
The following people may access information collected as part of this research project:

1 The research team involved with this project

1 The Hospital Human Research Ethics Committee

1 The RMIT University Reearch Ethics Committee
The informationwas double dedentifiable. This means thdhe participants’ nanseare
removedandgavethe information a special code numb@nly the research team can match

the name to the code number, if it is absolutely re=xg<o do so.
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It is planned tokeep the information for at least 7 yeah®wever, based on Victorian
governmentaw andthe Hospital protocol pat i ent swvilbeistoredantilihaytareo n
25 years of age. After this timé&he informationwill be securely destroyed. In accordance
with the relevant Australian and/or Victorian privadgw and other relevant laws,
participants have the right to access and correct the infornthtibarecolleced about them
and store. Participation in this reseavdsvoluntary. Participantsn this studyhad the right

to withdraw their participation at any timend have any unprocessed data withdrawn and

destroyed.

7.5 Data Collection & Participants
In this study, qualitative data are collected through data souicksas an expert group of

Surgeons, Cardiologists and 1 CU clinicians,
reports and documents@and observing clinical regular meetings in the study .sifee
populations under study and participant numbegdlidata collection phases are presented at
tablel12.

Significant amounts of qualitative data aalected by individual serstructured interviews

and open ended questionnaires.

The study data set included 115 records of CHD patients tl@mcase stud site in
Melbourne Australia. Patients achildrenwho are diagnosed as CHD pateoategorisedn

the first pre operatiostagediagnosis by HLHS (Hyponastic Heart Left Syndromes), from
2006 to early 2012.

Table 12. The population/s under study and participant numbers

An expert group of: 1 An expert group20 relevant clinical experts as cardigit,
Semistructured | q Surgeons CHD surgeons and ICU consultants identified in the rese
interviews 1 Cardiologists site.

1 ICU Consultants
Parents of children, wh| § Parents: 115 CHD patients affected by HLHS identified in
affected by CHBEHLHS research site, between 2006 to early 2012, wlieof them

Open endeq

Questionnaires were diseased by the data collection time. Heheoeailed our

operended questionnaire and

parents not only in Melbourne, but around Australia.
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CHD-HLHS Patients| { Patients' records: Records of 115 CHD patients affecteq
records through th{ HLHS are reviewed through the hospital data bases.

hospital data bases { Clinical Reports: Operation Reports, Echo Cardio Reports

Reviewing datg

bases/reports

and documents Conference reports

1 Historical documents: Hdr copy of documented historic

forms and clinical assessment reports

Clinical regular meeting | § Observing Clinical Meetings conducted at the research

Observation Several Clinical Meetings observed and recorded bety

December 2011 (after takinghts approval) and August 2012

The data set isonstructedbased on thep a t i @paratiGnsreports in all major surgeries

which includeNorwood, BCPSand Fontanp at i ent s6 di agnosi s repor
echo cardiology reports and cardiatheder reports. As presentedhfig.12, 68% of HLHS

patients was Male.

M Femail

H Male

Figure 12. The study characteristics based on the gender

7.6 Data Analysis
There is no singularly appropriate way to conduct qualitative data analysis, alttheug is
general agreement that analysis is an ongoing, iterative process that begins in the early stages

of data collection and continues throughout the s{idsdley et al., 2007

The use of thematic analysis is applied in the analysis of data in this research as it provides a
structured way of understanding how to develop thencaties and sense then{Boyatzis,
1998.
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Once the data have been reviewed and there is aafjeameterstanding of the scope and
contexts of the key experiences under stumhding provides the analyst with a formal
system to organize the data, uncovering and documenting additional links within and between
concepts and experiences describgthe data(Bradley et al., 2007

Some qualitative research experts (Miles and Hubern$®d)ldescribe a more deductive
approach, which starts with an organizing framework for the codes. In this approach, before

reviewing all data in detail, the initial st

Following this approach in this researghy e de d¢ypes(in table 13), are adapted from
(Bradley, et al., 20Qhat they ardnelpful in generating taxonomyhemes, and theory, all of
which have practical relevance for health serviesgarci{Corbin & Strauss, 20Q&.incoln,
1985 Lofland & Lofland, 1995Miles & Huberman, 1994

Table 13. Code types,
Adapted fron(Bradley et al., 2007

Due tothecopy right issue, thigbleis omitted.

In this study the semistructuredinterviewsare transcribed and codes are identified from
transcriptions as well dom the other collected dgtand codes mapped to captured themes

derivedfrom the literature reviewre then determined

The derived codeare then applietb the chosen case (CHD) to further explore the specific
components and benefits of IRD Model to the resegudstion Qualitative techniques are
employed toanalyse data collected through questionnaires, observattbothar resources

such as data bases, reports and clinical documents
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7.7 Summary
Qualitative inquiry can improve the description and explanation of complexwoekl

phenomena pertinent to health services rese@cidley et al., 200Y. In this research a
gualitative approach using an exemplar data sitesasgée case study is adaptéd address
research objectives and to answer the research queShmnstudy is exploratory in nature
and endeavour® explore the main components, barriers, issues and requirement to design
and develop an Intelligent Risk Detection frameworké¢oappled to healthcare contextsn
particular of CHD for children. Data collection was through sestmuctured interviews,
guestionnaireqybservatiorand the analysis afocuments, files and data bagesn the study

site After conductingthe data collectio phase thematic analysis is applied to analyse all

collected qualitative data.
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CHAPTER 4

Data Collection and Analysis

This Chapter describes the analytical approach to the study and details the results of the semi
structured interviews, questionnaired)servations, and the database reviews, reports and
documents analysis and was conducted at the
Australia, by using as an exemplar case study. The analysis and interpretation of the data
assiststhereseaelr i n assessing the analytical resul
guestion

fiHow can an intelligent risk detection (IRD) Moddle developed in the healthcare

context?0

This Chapter is organized into seven main sections.

1 the first section descrds the case study site,

1 the second section describes the early management of infants with HLHS at the
hospital,

1 section 3 presents the surgical procedures at the hospital,

1 section 4 describes themes (thematic codes and sense themes) allowing
categorizabn the collected data within the case study ,

1 section 5 describes the study findings

1 the summary is presented in the section 7.

8.1 The CaseStudy Site?
The hospital i s t he bi ggest publ i c chil dr e
outstanding cartor children and their families for over 140 yearparts of Australia
The Hospital is the major specialist paediatric hospital and care extends to children from

Tasmania, southern New South Wales and other states around Australia and overseas.

All clinical information of this section has been adapted from@inical documentprocedure approved by the following
department headsat the Hospital:
Dr Lara Shekerdemian, Director of Intensive Care
Professor Dan Penny, Director of Cardiology
Dr Christian Brizard, Director of Cardiac Surgery
Dr lan McKenzie, Director of Anaesthesia
Dr Michael Stewart, Director of Neonatal Emergeicgnsport Services
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With apassionate, highly skilled and committed staff of close to 4,000, the hospital provides
a full range of clinical services, tertiary care and health promotion and prevention programs
for children and young peopl&he Hospital is the designated a statEle major trauma
center for paediatrics iustralia and a Nationally Funded Centre for cardiac and liver

transplantation.

In 201712 the Hospital treated 34,784 inpatients. There were 246,140 outpatient clinic
appointments and 10,741 children underwengey. The Hospital had73,602 children
present at the emergency department and approximately 200 children received care in the

community every day through théospital at home.

The Hospital is a key member of the Paediatric Clinical Network, working fdement the
Department of Health Strategic Framework for Paediatric Health (2009) Ha$@tal also
actively contributes to the implementation of Victoria's Cancer Action Plani 20G8rough
membership of the Paediatric Integrated Cancer Service (PHDE) the Victorian

Comprehensive Cancer Centre (Victorian CCC).

TheHospital leads a number of statede services, including:

T  Victorian Paediatric Rehabilitation Service (with Southern Health, Bendigo Health,
Eastern Health and Barwon Healtlkestablishedin regional cities of Victoria):
delivering paediatric rehabilitation services to children, adolescents and their families.

1 Victorian Paediatric Palliative Care Program (with Southern Health and Very Special
Kids): providing a multidisciplinary approacto tpalliative care for children across
Victoria.

1  Victorian Forensic Paediatric Medical Service (with Southern Health and Victorian
Institute of Forensic Medicine): providing assessment and care for abused, assaulted
and neglected children and adolescents.

1  Victorian Infant Hearing Screening Program: conducting hearing screenings of
newborn babies whilst they are in hospital. The delivery of this service involves
working with diagnostic audiology and early intervention services from across
Victoria.

1 Victorian Paediatric Orthopaedic Network (with Barwon Health, Southern Health and
Western Health): fostering collaboration amongst service providers to support the
coordination and delivery of quality paediatric orthopaedic care in Victoria.
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The Hospital has alwag/held a special place in the hearts of all Victorians and in 2010, as
testament to leadership and advocacy role, the hospital was awarded the prestigious
Committee for Melbourne 2010 Melbourne Achiever Award, for outstanding contributions to

the Melbourneeommunity.

8.1.1Department of Cardiology

The Hospitalis one of the largest Children's hospitals in the Southern hemisphere, and, from
the point of view of paediatric cardiology and cardiac surgery, provides a service for the
states of Victoria, Tasmania éithe Southern part of New South Wales. A tertiary referral
service is provided for patients with complex congenital heart disease and for infant cardiac
surgery for South Australia and also for the Northern Territory. A small number of infants
with complex cardiac defectsin particular "Hypoplastic Left Heart Syndrome", are referred
from Western Australia, New South Wales and Queensland for surgical management of their

heart problems.

The Department of Cardiology is home to the National Paediatric Hleamsplant Centre

and caters for patients needing heart transplantation from all over Australia. The Department
of Cardiology also caters for a number of overseas patients, principally from South East Asia.
The surgical unit within the Department of Caldgy carries out in excess of six hundred
surgical procedures per year. Approximatetne third of open heart procedures are
performed in the first six months of life (half of these in the first month of life). The surgical
practice encompasses the frdinge of palliative and reconstructive procedures, including

heart transplants.

The Department of Cardiology hten staffcardiologistsvho work fulktime and partime at

the Hospital A smaller service exists ane of the medical centers in the Stéaemajor
suburban hospital), which operates on a predominanthpatignt basis and is managed
independently of the Hospital service. The DepartmentaséliGlogy runs approximately 25
outpatient clinics per week in Melbourne, and peripheral clinics in referral centres in
Victoria, Tasmania and Southern New South Wales. Approximately 8,000 echocardiograms
are carried out annualkithese including Mmode,2D, Doppler and color flow mapping, and
transoesophageal studies. Approximately 500 caaditieeter procedurese performed each

year, including intervetional procedures such as balloon valvuloplasty, balloon dilatation of

coarctation, coil embolization, device occlusion of persistent ductus arteriosus, device closure
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of Atrial Septal Defects and musculentricular Septal Defec{®/SDs), balloon angiolasty

and stent implantation.

A comprehensive arrhythmia investigation and treatment service includes Holter monitoring,
exercise testing, electrophysiology studies, and radiofrequency ablation used for the

elimination of arrhythmias.

The Department hasveide range ofesearch activitieand interests, publishes extensively in
academic journals and presents its results at National and International meetingdises®r

each year.

8.2 Early Management ofl nfants With HLHS at the Hospital
Infants with hypoplastic left heart syndrome (HLHS) are amongst the most challenging sub
groups of cardiac patients to care for and manage. This challenge may begin at birgh, it ma
begin earlier in those with a prenatal diagnosis, and the period of greatest acute risk often
continues until the time of stage Il palliatiowhen the patient is between 4 to 6 months
Infants with hypoplastic left heart syndrome often respond poorlgemingly minor
external stresses, or to subtle changes in their medical management. These events can lead to

significant morbidity and mortality.

The goal of these guidelines is to establish a streamlined approach to the early care of infants
with hypopastic left heart syndrome at thdospital, with the aim of optimising their

condition from birth until the postnatal period after stage 1 palliation.

8.2.1Prenatal Managementfor ThoseWith an I n-utero Diagnosis

Steps for prenatal management pHtients withan inutero diagnosis are describeas

follows:

1. Where possible, delivery wilbec hedul ed to occur in one of
Melbourne.

2. Fetal echo scans will be reviewedthgHo s pi t al cardi ol ogists at

gestation to aonfirm dagnosis, and to determine thadequacy of interatrial
communication. The exact timing of these scans will be determined by the perinatal

obstetrician responsible for overall management of the pregnancy.
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3. For interstate patients, relocation telbburne will, in general, be scheduled for around 35
weeksd gestation. I't i s expected that a pel
with comprehensive details of the pregnancy as soon as a decision for delivery in Victoria
has been made.

4. For each patient, a joint meeting will be arranged \ilign Hospitalcare manager(s), a
social worker, the consultant cardiologist and the consultant cardiac surgeon. This
meeting will be arranged by the Fetal Management Unit, or by the referring cgrstiolo
(for Mercy Hospital / Monash Medical Centre patients). Hospital ICU nursing unit
manager will be informed of all pending deliveries at this time.

5. The attending perinatal obstetrician aihe Hospitalcardiologist are responsible for
ensuring hat significant new findings that arise during the pregnancy e.g diagnosis of
another serious abnormality, are communicated to all management team members at the

perinatal hospital and thiéospital

6. The attending perinatabstetricianhas primary respwibility for determining the timing
of delivery. Normal vaginal delivery following spontaneous labour at term is the goal for
otherwise uncomplicated pregnancies. In the case of induction of labour the timing will
be determined by consideration of clidiead social factors as well as availability of
obstetric and cardiac surgical resources. It must be remembered that following an

induction of labour, delivery may occur anywhere frofm2hours later.

8.2.2lmmediate Post-natal Care at Referring Hospital

Due to the importance of posiatal care, several immediate paostal care are planned, as
follows:

1. Birth suite management will be directly supervised by a Neonatal Consultant or Fellow.
The baby will be transferred to the local NICOr fongoing stabilizabn onceinitial

resuscitation has been completed.

2. Intravenous accessa triple lumen UV line should bénserted and established before

transport (or two separate peripheral lines if a UV line cannot be inserted).

3. Umbilical arterial access shoulde obtained at the discretion of the attending
neonatologist, and in general only if the neonate is ventilated and/or requiring vasoactive

drugs.
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4. Prostin delivery (1120ng/kg/min) should be commenced immediately after obtaining first

route of intravenos access.

5. The referring neonatologist will contacENS to arrange transfer to th@spital.
6. Target oxygen saturations-85%; avoid additional oxygen unless sat < 70%.

7. At | east 1 hour 6s -ratated apmoeas t otherstabilppyemiorto d f or

transfer.
8. Ventilation should not be routine in the stable,-aoidotic patient.
9. Blood gas (arterial armbilical venous, not capillary), glucose, lactate prior to transfer.

10. NETS team to inform ecall cardiologist + ICU obirth and patient condition, and likely

time of transfer tahe Hospital

11. All infants will be transferred tine HospitaPICU in the first instance.

8.2.3Management of thelnfant With Suspected orConfirmed Restriction of the
PFO

Restriction of thePatent ForamenOvale (PFO may be suspected from-utero imaging;
alternatively restriction of PFO should be suspected in the infant with a known diagnosis of
HLHS in whom there is severe metabolic acidosis, with poor oxygenation, and Xray
appearance suggdewy obstructed pulmonary venous drainage.-dgrerative survival and
neurological outcome of these infants depends on early surgical or transcatheter intervention

to enlarge the restrictive communication.

When suspected prenatally, a Consultant Neongigilshould directly supervise the delivery
room management of these infants. If the clinical findings immediately after birth are
consistent with HLHS with restrictive PFO, the baby should be intubated, commenced on
prostin, muscle relaxed and sedatece (below), and transferradgith supplemental oxygen
therapy, as early as possible to thdospital. Other standard resuscitative measures are
generally ineffective in this situation. For these infants, the neonatal transport team should be

available to trarmort them to the hospital immediately after birth.

The oncall Consultant Cardiologist should be present to do an echo cardiogram immediately
on arrival of the infant at the ¢$pital. Cardiac catheter laboratory and cardiac surgery staff

should be on stalbby for immediate intervention.
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8.2.4Pre-operative care at the Hospital

The Hospital hasome rules and policies to poperative care for patients affected by HLHS,

as follows:

1. All infants will initially be admitted tdPre ICU PICU).

2. The Cardiology €&llow and Consultant, and 7West AUM or care manager, should all be
informed when the infant arrives on PICU. An echo cardiogram should be performed
within 2 hours of arrival (with the exception of infants with restriction of PFO). CXR &

ECG in allcases

3. Bloods- On arrival, routine blood$ FBC, blood gases + lactate, electrolytes, glucose,
Coagulation studies, chromosome analysis, blood group and save serum.

4. Stable patients who are not acidotic areb havea normal lactate, with secure central or
peripheral intravenous access (two), may be transferred to 7West after review by the ICU

consultant.

5. Surgery This will, where possible, be planned for day 3 or 4 of life, but may be planned
earlier if there is circulatory instability particularly when this related to excessive
pulmonary blood flow.

6. Other Health ProfessionalsFamilies will meet with Care Managers and social workers

after admission, either on 7West or in ICU.

7. Associated abnormalities
Routine preoperative ultrasound scansheead + kidneys will be performed.

8.2.4.1 Other Aspects ofPre-operative Management
In preoperative management process there are some important procedures that should be

considered, at the Hospital:

1. Feeds

Infants with HLHS are at high risk of gut ischaamand our current approach is not to feed
them. Infants arriving athe Hospitalwithin the first 24hours of life, who have CV access
should be given TPN until surgery. Those without TPN should receive 10%dextrose / 0.45%

saline as maintenance fluid.

87



2. VascularAccess

Insertion of peripheral drips can cause fluctuations in systemic vascular resistance secondary
to agitation and paimultiple attempts at vascular access should be avoided, as this can be
traumatic for the infant, and can increase timdence of intravascular thrombus formation.

Experienced personnel should obtain access in these patients.

a) Peripheral lines

In a conscious patient, sucrose and / or paracetamol, or a small dose of sedation should be
routinely given prior to this beghdone. Access should be attempted by a senior ICU
doctor (senior registrar or consultant), in the treatment room on 7West or in intensive

care.

b) Central lines

Central venous access should not be attempted in-amamsthetised patient.

If umbilical venous access is not present, and CV access regihesdfemoral venous

lines should be inserted, under anaesthesia, by a senior ICU doctor or cardiac anaesthetist.
Neck lines should be avoided wherever possible. Heparin (10u/kg/hr) should be routinely

infused to central venous lines.

c) Arterial lines (The hospital)

Where possible, aim for access in the right upper limb is preferred. Avoid multiple
unsuccessful attempts before referring to the Consultant Cardiac Surgeondewnut
right arm will alsoprovide optimal monitoring during intraperative period of isolated

cerebral perfusion.

3. Management of aow SystematicCardiac Output

Four distinct causes should be considered & systematically excluded; an echocardiogram is

essential to guide managent

4. Intubation (at referral hospital / the Hospital).

Indicationsare included in

i. Apnoeas,

il. Shock, severe circulatory disturbance

iii. Pulmonary overcirculation (Saturations >90%yith systemic hypoperfusion (lactic

acidosis)
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Intubation can cause considerable instability to infants with a-dapendent systemic

circulation. Intubation should ideally be performed by a senior neonatologist / intensivist

using the guidelines outlined below.

T

Drugs - Pancuronium 0.1mcg/kthen Fentanyl 5mg/kg (give muscle relaxant
first to avoid chest wall rigidity & bradycardias which may be associated with
intravenous fentanyl)

Colloid (4% albumin) or saline should be available (20ml/kg)

Consider lowdose dobutamine infusion (up to 5mcg/kg/min) preomtubation.

Target blood gases:

T

)l
T
T

pHT normal

PaO2i 3545

PaCO2 3545

At the Hospital the Hospital: Consideradditional nitrogen to reduce F2§Ctb

minimum 0.18, only in the infarwith pulmonary overcirculation and evidence of
systemic hypoperfien after appropriate circulatory resuscitation, with or without
an intravenous systemic dilator. However, this is only a temporary measure, and

infants with these clinical signs warrant urgent surgery.

8.2.5Intra-operative Management

At the Hospital, therare also some rules and polices during the operation, as follows:

1. Intubation 7 as above

2. Central VenousAccess

1

Where possible existing central lines (UV/femoral) will be used for induction of
anaesthesia, pfteypass management. Otherwise, a sihgheen jugular line will
be inserted for this, and removed as early as possible.

A direct atrial line will be left in situ by the cardiac surgeon at surgery

3. Arterial accessi as above

4. Drug therapy:

Vasodilators
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Ublockade

Phentolamine may be used intperatively, in favour of phenoXyenzamine which

is much longesacting.

Nitrates

Nitroprusside rather than GTN, as it is more effective arterial dilator. This may be
used in preference to phentolamine as affects can be rapidly reversed by
discontinuing the infusion

Inotropes

Dobutamine should be routinely used on weaning from bypass.

Noradrenaling consider lowdose noradrenaline in the event of excessive systemic

vasodilation on separation from bypas

8.2.6Post-Operative Management

Postoperative process at the Hospital is described, as follows:

1.Drug Therapy
Vasodilators as above initially, with the introduction of phenoxybenzamine when
adequate haemodynamic stability. Captopril should be intemtloace enteral feeds
have been established.
Inotropes
Dobutamine; escalation with low dose adrenaline if poor contractility on
echocardiogram.

Noradrenaline should be weaned early.

2. Central Lines
It Should be removed as early as possible. Systéeparin (10u/kg/hr) should be given

early after surgery, if no major bleeding.

3. Principles ofManagement ofVentilation and Circulation :

These are detailed in the existing ICU protocol

4. EchocardiogramsOn ICU or 7West
All infants should have at st weekly echocardiograms (on a specified day of each week)
after the Norwood operation, to assess the presence/absence of the following conditions:

1 Patency of BT shunt / Vmax across A conduit

1 Function of systemic RV
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Degree of Tricuspid Regurgitati
Adequacy of ASD
Neo-aortic obstruction & arch obstruction

Thrombus (intracardiac, SVC)

= =2 =4 A =

Effusions

5. Line Insertion for Extubated, Non-sedatedPatients
The same guidelines should be followed as forgmerative patients, to minimise the risk of

sudden decompensation due to changes in systemic vascular resistance.

6. Long Term Central Venous Access
Broviac lines (single lumen, 3F) should be considered early in infants likely to require longer

term inotropes or parenteral nutrition.

8.3 Surgical Proceduresat the Hospital
Infants with HLHS will underg three stage operations at tdespital. The first operation is

called Norwood, performed on infants less than 30 days of age. The second one is
Bidirectional CavePulmonary Shunt (BCPS)enerally perfaned on infants between 3 to 6
months of age. The third stage is called Fontan, usually will be conducted for children at the

age of 4 to 6 years old.

Norwood

v

Bidirectional Cavo-Pulmonary
Shunt (BCPS)or Hemi-Fontan

\

Fontan

Figure 13: Three stages of surgical Procedures ahée Hospital

1. Stage 1 Norwood

The aim of the Norwood surgery is:
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9 To establish reliable, unobstructed outflow to the systemic circulation and to balance
systemic and pulmonary circulations.
1 To aply the following descriptions to the diagram below:
A. Theductus arteriosus is ligated and divided and the central and branch pulmonary arteries
are detached from the main pulmonary artery
B. The hypoplastic aorta is then opened and a patch augmented to this region.
C. The augmented aorta is then attached toc#indiac end of the main pulmonary artery
stump.
1 An atrial septectomy, to ensure unobstructed pulmonary venous flow, is performed, as
is a rightsided BlalockTaussig shunt which ensures blood supply to the pulmonary
circulation (see following diagrams).

Due tothecopy right issue, thiBgureis omitted.

Figure 14: Norwood Procedures
(Blythe, 2011}

2. Bidirectional Cavo-Pulmonary Shunt/ Bidirectional Glen (BCPS)

BCPSsurgeryis defined as follows:
- BCPSgenerally performed on infants between 3 to 6 tin®of age.
- This decreases the work of the right ventricle by decreasing the 'volume Ihad’
volume of blood that the heart needs to pump with each beat).
- Involves transecting the superior vena cava at the right pulmonary artery level and
anastomsing the cephalad portion of it to the proximal right pulmonary artery. The

cardiac end of the superior vena cava is oversown.
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Due tothecopy right issue, thiBgureis omitted.

Figure 15: BCPS Operation
(Blythe, 201}

3. Fontan

- This completes the reconstructive surgery required and available for the HLHS patient

- The superior and inferior vena cava are connected to the lung arteries allowing blood to

flow directly to the lung circulation, bypassing the right ventricle.
- This optimizes cardiac output.

There are two types of Fontan procedures:

A. Extracardiac Fontan

- Most commonly performed Fontan procedure at present as no suturing needs to take place

within the rght atrium, and right atrium pressures are minimized.

Due tothecopy right issue, thiBgureis omitted.

Figure 16: Extracardiac Fontan
(Blythe, 201}
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B. Intracardiac Fontan/ Total Cavo-Pulmonary Connection

- Less commonly used due to the suturing required. Such suturing can cause arrhythmias.
This also leads to increased pressure in the part of the right atrium that is used to carry the
IVC blood to the Pulmonary Artese

Due tothecopy right issue, thiBgureis omitted.

Figure 17: Intra -cardiac Fontan
(Blythe, 201}

8.4 Themesi Development ofThematic Codes andSenseThemes.
The useof thematic analysis is applied in the analysis of data in this research as it provides a

structured way of understanding how to develop thematic codes and sense themes (Boyatzis
1998). The semmstructured discussions are transcribed and codes are ie@nfibm
transcriptions as well as the other collected data and then codes are mapped to captured
themes as discussed in the literature revighwen findings from this processe appliedo

the condition under study congenital heart disease (CHD) tather explore the specific
components and benefits of IRD Model to the research case study. Qualitative analysis
techniques are employed &malyzedata collected through questionnaires, observation and
other resources such as data bases, reports anmchicliiocumentsThe study resultare
presentebased on the clinical and the roimical perspective. The clinical perspective is
based on data collected through the expert group as well as clinical observations, data bases
and reports. The netlinicalper specti ve i s based on parentséo

guestionnaire.

Identified Themes from clinical and nafinical perspectives are presented at below tables:

94



Table 14. Identified themes from clinical perspective

A Clinicians' intention to use IRD

A Clinicians'recommendations

A Enables towards risk factor screening

A Contributing factors to assess patients' quality of life
A Clinicians' barriers to use

A Clinicians' confident to address surgical risk fast

Table 15. Identified themes from non-clinical perspective

A Socialimpacton thefamily life

A Patients' quality dlife afterthesurgery
A Parentslevel of understandingbout thesurgery outcomeandrisks
A Parentsintentionto uselRD

A Parentsattitude towards surgery decision making process

8.5 Categories ofCollected Data Within the CaseStudy
This study has identifiedwo major categories of analysis within the case study, clinical

perspective and meclinical perspective. Theseo categorizeare describecasfollowed.



8.5.1Clinical Perspective

The clinical perspective is derived and elucidated from the following data collection

techniques:

x  Collecting data through semistructured interviews with an expet group of:
1 Cardiac Surgeons
1 Cardiologists

9 ICU Consultants

Table 16. Units of analysis andreferencefor semtstructured interviews

1 EC1 Clinical- Expert goup, Cardiologist 1
2 EC2 Clinical- Expert groupCardiologist 1
3 EC3 Clinical- Expert groupCardiologist 1
4 EC4 Clinical- Expert groupCardiologist 1
5 EC5 Clinical- Expert groupCardiologist 1
6 EC6 Clinical- Expert groupCardiologist 1
7 EC7 Clinical- Expert groupCardiologist 1
8 EC8 Clinical- Expert groupCardiologist 1
9 EC9 Clinical- Expert groupCardiologist 1
10 EC10 Clinical- Expert groupCardiologist 1
11 ES1 Clinical- Expert group, Cardiac Surgeon 1
12 ES2 Clinical- Expert goup, Cardiac Surgeon 1
13 Ell Clinical- Expert group)CU Consultant 1
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14 EI2 Clinical- Expert group)JCU Consultant 1
15 EI3 Clinical- Expert group)JCU Consultant 1
16 El4 Clinical- Expert group)JCU Consultant 1
17 EI5 Clinical- Expert group)JCU Consultant 1
18 El6 Clinical- Expert group)JCU Consultant 1
19 EI7 Clinical- Expert group)JCU Consultant 1
20 EI8 Clinical- Expert group)JCU Consultant 1

In the semistructured interviews, through the first set of questions, the expert groups asked
about the importance of detecting surgical risk factors and predicting surgical results to
improve decision making in CHD surgery. 75% of clinicians had positive point of views
pertaining to the use of such a solution as the IRD to improve surgicaloteansiking

process. For example when askedi Do you think detecting sur

predicting surgical resul ts wil.l hel p to in
stated-
Nnéyes. I't would be wusef ul .diffésentrwgys, paticulatye c h n i ¢

during last 5 years & surgical risk factors are changing as well. Therefore, detecting
surgi cal ri sk factors and predicting surgica
AE. C. 3, Cardi ol

E.l.4 added
néyes, I t hi n.KWot everybodg knows about istegfated formal analysis, so,
potenti al | T solutions can do that.o

AE. | . 4, | CU Cons

E.C.5, states that:
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APotentially, 1t could be useful. Asisyou sai
type of surgery areomplexand we make these decisions based on past experience. We can
have more structure to plan the surgeries. o

AE. C.5, Cardiol
EI6 believes that:

AféThe | RD can be beneficial to serve resea
improving accessot medical technology for diverse populations, and positively impacting
quality of life for children around the world who affected by CHD. However training and
ease of use are two important factors to facilitate the use such a solution in a clinical
environ ment é. 0.

AE. | . 6, | CU Cons

Although most ofntervieweeshad a positive intention to use IRD, 10% of participants in the
expert group had doubt with respect to iise 15% of participants had negative point of
view. For example, E.C.1 was not shiev IRD can be beneficial to improve surgical

decision making process:

Al never had an experience or necessity to u

useful . Moreover, | 6m not sure whether it i s
AnE. C. 1, Car di ol

15% of participants in expert group had negative point of view pertaining to the use of the

IRD Modelt o i mprove surgical deci sion making pr
group feel mostly negative toward the IRIbdel, as they believe they can pretdsurgery

results based on their experience. The cardiac surgeons also believe that during an operation
there is no chance to use such a solution. However, before and after surgery the IRD can be

useful but its reliability and accuracy should be provem.@xample ES2 feels:

AéNo, I beli eve gener al use of this solution
Consequently, during the surgery, surgeons should rely on théioadecisions based on

their experienceéo

neE. S. 2, Cardi ac S
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A € N o , s not tldar wihat specific usability issuesexst, so | 6 m not sure hov

can be updated to detect new risk factors an
AE. S. 1, Cardiac S

né | dondédt think this solution wor ksnowel | t
hear any positive feedback or success stories relating to the use computer based solutions in

clinical treat ment process, particularly in
AE. C. 9, Cardiol

The potential benefits of IRModel were examined in the second set démiew questions

and participantos views were discussed. So

Ae | think reducing the time that care prov

across surgical decision making processes is a potential beneflhad s ol ut i oné o

AnE. C. 8, Cardi ol

AéWi th more complete information about a pat
enable this outcome through providing heal't
access to surgical risk factors thabntain concise surgery information and expected

outcomes for a patient €éo
AE. C. 9, Cardiol
Aésupporting the information and knowl edge

between cardiologists, surgeons and ICU consultants can be a benéRDosolution,

particularly duringposto per ati ve processeo

=1
m

7, Il CU Cons

To design the IRD framework, it is important to define suitable risk groups to categorise
surgical risk factors. Hence, through the third set of questions, three mlif@ategorieare
collected through intervieweesThese categories are stated as followddwever, they

mostly suggest a category based on types of the surgery (Norwood, BCPS & Fontan).
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For example, EC1 proposes a category based on:
AéDemogr apohrisc,alEcfhaoctf eat ures & | CU component .
E.C. 1, Cardi ol

=]

E.C.2 suggests a category based on

Nféage groupéo

=]

E. C. 2, Cardi ol

The rest of participants in the expert group propose a risk category based on surgery types:

Aécat egor i si rbasedron thiee stages vfosurgeriedNorwood, BCPS and

Fontani s t he best way to detect risk factors.

Participants were also asked to rate captured surgical risk factorsofrorisk to high risk.

Tables18, 19 and20 present relative weighting of these risk factors.

x  Collecting data through reviewing data bases/reports and documents:
fPatientsd Medical Record

At the hospital, a medical record is a manual (paper based) or electronic (scanned) record
containing a patiefg health and personal information, status and treatment. The purpose of
the medical record is to serve as a means of communication between different health
professionals involved in a patient's care. Information recorded in the medical record also
provides information for research, education, audits, quality management, clinical and

resource managememtelevant reports and documeintslude:

- EcoCardiogram Report
- Conference Report

- Operation Report

- Discharge Report

The results of reviewing data bases/mpand documents are presented in tables 3, 4 and 5.

In these tables all captured risk factors and relevant measurements across the Norwood,
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BCPS and Fontan surgical techniques in the three phases-gbgnaion, at operation and
postoperation. The vaety of risk factors and their risk level in each surgical technique and
phaseemphasize the importance of analytic techniques, such as data mining, in the study

context.

Table 17. Units of analysis andreferencefor reports and doawments

1 Clinical, Ecoe Cardiogram Reports

2 CR Clinical- Conference Reports 50
3 OR Clinical- Operation Reports 115
4 DR Clinical- Discharge Reports 85
5 PMR Clinical- P a t i MedlitasR&cord 115
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Table 18. Captured risk factors & relevant measurements across Norwood surgery

Norwood risk factors -Pre op
Weight

preoperative acidosis

Intact or restrictive atrial septum

Ascending aortic size
Associated genetic anomalies

Ventricular function

Preoperative ventilation
Tricuspid regurgitation
Diminutive ascending aorta

Prematurity

Age at surgery

Cardiopulmonary bypass time and deep
hypothermic circulatory

arrest time

Anatomic subtype

Anatomic subtype of aortic and mitral atresia
Norwood risk factors - op

Age at surgery

Surgeon

Weight at surgery

Shunt size

Total support time

CPB time

DHCA time

Myocardial ischemia time

Type of Norwood Reconstruction
Delayed sternal closure

Need for post-operative ECMO or VAD support
Bleeding

Norwood risk factors - post op
Cardiopulmonary bypass time
Postoperative diastolic pressures
Time to sternal closure

initial base excees

Minimum base excees

duration of ventilation

time to establish enteral feeds
length of intensive care unit stay

AV valve regurgitation

poor heart function

Bleeding

Low blood pressure

initial serum lactate

maximum serum lactate
Ventricular assist device
Extracorporeal Membrane Oxygenation (ECMO)

5
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3
weight
5

[S2 62 NN &2 B &2 &2 B &) B &) IS N

weight
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weight(1-5 or low to high)Measurement

As continuous variable (<3 kg) and any weight lower

than 2.5 kg

pH<7.20

Can result in severe pulmonary congestion. Severely aff ect
preoperative state

As continuous variable and any diameter of 2 mm or less
Strongly infl uence both early and long-term outcome

Diffi cult to separate on multivariate analysis because of mai
competing factors

If moderate or severe tricuspid regurgitation
<or=2.0mm

lye 3SaildArzy 0ST2NB ocqnn
separate factor to weight alone

Especially if present late

Refl ect ischaemic and infl ammatory insult. Might be
surrogate marker of diffi cult anatomy to repair

Aortic or mitral atresia groups do less well than aortic or
mitral stenosis

(kg)
(3.0, 3.5, or 4.0 mm)
(CPB time 1 DHCA time)
(min)
(min)
(min)
6adlyRFNRY W52dzf Sm.  NNBf Q
(yes or no)

mmol/I
mmol/I

> moderate
> moderate

mmol/I
mmol/|



Table 19. Captured risk factors & relevant measurements across BCPS surgery

BCPS risk factors -Pre op

length of stay after norwood in ICU
pulmonary artery size

type of shant

tricuspid regurgitations

type of LV

size od BT shant at Norwood

AV valve regurgitation

Poor heart function

Ventricular function

Intraoperative non-CPB(Cardiopulmonary Bypass) to CPB conwersion
Cardiopulmonary Bypass time

Age at Surgery

BCPS risk factors - op

Age at surgery

Surgeon

Shunt size

Total support time

CPBtime

DHCA time

Myocardial ischemia time

Delayed sternal closure

Need for post-operative ECMO or VAD support
Sano operation

Bleeding

S

O W W NWWrpS~Dooaaou

weight

(&)]

A W oot oror oo O A

weight(1-5 or low to high) Measurement

> moderate
> moderate

(3.0, 3.5, or 4.0 mm)
(CPB time 1 DHCA tim:
(min)

(min)

(min)

(yes or no)

BCPS risk factors - post op weight

Total hospital length of stay
Postoperative length of stay
Operative mortality

Any complication

Systemic venous obstruction
Reoperation (bleeding)
Sternum left open
Persistent neurologic deycit
Infection (wound infection)
Infection (mediastinitis)
Pneumothorax

Pleural effusion
Pneumonia

Prolonged mechanical ventilation
Need for reintubation
Tracheostomy

Phrenic nerve paralysis
Cardiac arrest

ECMO

Arrhythmia

Chylothorax
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mmol/l
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> moderate
>moderate
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Table 20. Captured risk factors & relevant measurements across Fontan surgery

Fontan Risk Factors-pre op
Age at Surgery
Low cardiac output
pleural effusions
chylothoraces
ascites
hepatomegaly
peripheral oedema
malabsorption of fat
hypoalbuminaemia

Progressive exercise intolerance

I+ @It @S AyadFUOASyOe

Hypoxaemia

Norwood risk factors - op

Age at surgery

Surgeon

Shunt size

Total support time

CPB time

DHCAtime

Myocardial ischemia time
Delayed sternal closure

Need for post-operative ECMO or VAD surg
Sano operation

Bleeding

Norwood risk factors - post op
Cardiopulmonary bypass time
Postoperative diastolic pressures
Time to sternal closure

initial base excees

Minimum base excees

duration of ventilation

time to establish enteral feeds
length of intensive care unit stay
AV valve regurgitation

poor heart function

Bleeding

Low blod pressure

initial serum lactate

maximum serum lactate
Ventricular assist device

Extracorporeal Membrane Oxygenation (E

arrhythmia

weight(1-5 or low to high)

5
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weight

w oo o0 ;o0 ;0o b»

weight
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Measurement

(3.0, 3.5, 0r 4.0 mm)
(CPBtime 1 DHCAtime)
(min)

(min)

(min)

(yes or no)

mmol/l

mmol/l

>moderate

>moderate

mmol/l

mmol/l



x  Collecting data through observation

At the hospital, there is a regular weekly clinical meeting to investigate all complex clinical
cases in the cardiolggdepartment to share issues with the other experts, and to discuss

decision making related to time and type of the surgery.

Table 21. Units of analysis andreferencefor observation

1 CM Clinical- Clinical Meetings 10

The main findings through observation are:

- Capturing critical milestones across three phases of surgerggBration, Operation
and Post operation)

- Benefits of applying IRD to the CHD treatnterocess.

- Barriers of applying IRD to the CHD treatment process.

8.5.2Non-clinical Perspective
In this qualitative study, the nealinical perspective is captured by participants completing a
guestionnaire. There were 85 questionnaires, information stateamhtonsent forms
mailed to parents. However, only 35 parents signed the consent form and filled out and

returned the questionnaire.

x Coll ecting data through distributing ques

Patientsd parent s wrelatedtoithe sutgical de@siom magirgiprocess o f v
by completing the questionnaire. The questic
the surgical risk factors and their intention to be involved in the surgical decision making
process. The questionai re asked parents about their <c¢h
the possible role of knowledge sharing and the importance of the IRD Model in improving
their home care management and their childre
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Table 22. Units of analysis andreferencefor questionnaire

1to35| P1, é, Non-Clinical, Questionnaire 35

In the United States of America, lewwcome adilts experience substantial health and health
care inequities when compared with higherome individual§Berenson, Doty, Abrams, &

Shih, 2012. In consideration of this fact, the first set of questions in the questionnaire asked

parents to state their household i ncome. T h e
examineany el ati on between parentso6é6 income and t
of clinical i nformati on. The participantds i

during their child care process was also investigated by the first set tibgaeResults from

the questionnaire pertaining to parentsoé 1inc

Table 23. Parentso6 total annual household | ncome

Less than $40k | P11, P18, P21, P31 11%

$40k$60k P1 P2, P12, P13, P25 P29, P33, P34 23%

$60k$80k P7, P10, P14, P15, P16, P17, P23, F 34%
P28, P30, P32 , P35

$80k$120k P3, P4, P5, P19, P20, P22, P26 20%

More than| P6, P8, P9, P24 11%

$120k

1 Parents' level of understanding about the surgery outconseand risks

The next set of questions in the questiorm&rdesignedo seek mformation with respect to
the level of understanding of parents in understanding surgical risk factors and expected

outcomes. Most parents stated that:
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Aé Sur ge on sogissnddscribea the suméry process and possible outcomes very

well and our | evel of understanding was high
ArP3, P4, PS5, P8, P9, P12, P18, P1

AThe internet was fantastic. It p readvandd e d a
understand. There was a lot of negative feedback on his condition by the 1st cardiologist. We
saw evidence of this, as did the sonographer who did the 2nd scan. The cardiologist did not
even have the latest information and we received a lotefsps ur e t o 061 et nat
cour seo. It was not wuntil we went to Mel bour

at ease. Our cardiologist we have now is fan
nP13, Parent s

However, some parents had a medium level otwstdnding and one of them had no interest

to know about surgical risk factors and possible outcomes.

ARéWe had a basic knowledge of the risk facto
However, we think our level of understanding was medium becaugs of tinical

ter mséo
nP31, Par ent ¢

Aélt was not too easy for us to understand

tried to describe alll conditions in detail sé

nP29, Par ent ¢

~

Aé During that ti me we wer e V eas/ealddemessedoi nt e
So, we had no interest to hear about the surgery risks. We were trying to think positive and be

hopeful .. .0
AP14, d&arent
1 Parents' attitude towards the surgery decision making process

In the next set of questions in the questioraarents were asked about details of their
decision making process before agreeing to surgery for their child. The aim of this set of
guestions was to elucidate how understanding

decision to agree to syical procedures for their child.
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All parents answeretthat they acceptedndertaking surgery without consideration of surgery

risks and outcomes.

Afédoesndt matter how many risks is invol

chance of treatmén was 1% because it was the only

ved.

way

iPOS8, Parent ¢

T Parentsd intention to use |IRD

In the other part of the questionnaire parents were asked about their intention tdads a
such as IRD to seek information about the surgical @sids outcomes prior to undertaking

surgery. Most parents had an intention to use theNRDel.

Table 24. Parentso6 intention to use | RD
Parentsodé | ntent

T0%...uieeeeeeeiiemeeereeenann Positive

10%....cccoiiiiiiiieeeee e Negative

20%....ciiiiiiiiiiieeeeeeeeeenan No ldea

Parentsd positive pModehgexpessedunithe followirmg cammentst he |

pre

al

Ael preferred to get more information to
about his reactions. . .o

nPO4, Parent s
Aél preferred to r ec ed sugeriesavhea we areftakisgra&imi o n
at homeéo

iPO5, Par ent ¢

>
D

B ause of my background that is clinical | was familiar with the surgery risks however,

| 6m al ways seeking new information and knowl

i POG6, Par ent ¢
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ARéOverall we got enough i nformation but 1
where dactors failed to communicate with us. So, this solution might be helpful in these

serious conditionseéo

iPOS8, Par ent ¢

=]
D
=
D

received | ots of information during al/l

didndot any source uaf ainnyf cnmremwa tciomrd i ttd oans ko ra bam )
APOY9, Parent ¢

Ael would | i ke to know more about similar ;

probl emséo
AnP11, Parent s

AéEnough i nformation but I wi sh it was exp

apd i cation as it was a | ot to take on board
AP12, Parent s

20% of parents were ignorant with respect to using a computer based clinical application and
10% of parents didndét | ike to usédreamy caliil mio

health, surgery risks or the surgery outcomes.

~ 7z I

A é prefer to discuss with doctors direct

information via a computer based systeméo

iP26, Par ent ¢

Aél 6m not good in using computeréo
AP31, tBar en
dondt | i ke to know too much or in detai

nP14, Parent s
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1 Patients' quality of life after the surgery

Il n this set of questions parents were asked
the Norwood surgical procedure. The aim of this question was comparing the anticipated
surgical outcomes with the actual surgical outcomes to support the importance of the IRD
solution in predicting the surgical results before doing the surgery. Althoughoimaatents

were informed about the expected surgical outcomes, the parents would like t@ receiv
detailed information astheyr e awar e of the current status

They ascertained their c hi | rdedysandqrenatkaedtay o f
followed:

ARéExcell ent . |l ssac is incredibly sensitive a
very happy little boy. o

APO2, Parent ¢
A Go o d s a hdathy happy boy blgiss active than his 2 yeaage 0

i PO 4, Parent ¢

1]

Mmtal health issues 18 months post surgévestill see a psychologist regularly. It was

o

ut of our expectationo
APO3, Parent ¢

AGood. Oscarbés physical health is now great,
problems as a result of a lengthy @ntplicated hospitalization 18 months ago. Although we
were informed about these possible outcomes

APOS, Parent ¢
AExcell ent . He is doing very well i n the sch
APOG6, Parent ¢

A N o tally go®d. But it is not because of the surgery. He is affected by some physical

problems because of staying in the hospital for a long time.

nPOS8, Par ent ¢
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ASlIightly, |l ess than nor mal . I am already i
neurologicali ssues but I di dnot know what it me ¢

expectations. o

iP10, Par ent ¢

AMI I dly | imited. Breathlessness [/ fatigue o
stage). Gross é. Devel opmbhtispaetiasl asl gth

AP12, Parent ¢
AShe has a smaller frame and it IS very (o

approximately 16 k at 6.fears old She has a 600@ointsappetite. However, she burns a lot
of energy for daily tasks. The biggeconcern | have is her mental development. She has a
very poor memory, struggles to retain information, comprehend new info, and gives up very

qguickly. o
iP1l6, Parent ¢

AShe has delayed physical and ment al devel o
information about these possible | imitation
them too much reducing her quality of life. She is a happy girl and enjoys all aspects of her

childhood just | i ke any other children. o

AiP19, Par ent ¢

~

Al must wehadspokemtebythated ar di ol ogi st, we didnét t

good! Thanks goodness for medical staff with correct up to date information!

iP20, Par ent ¢

AHe does get short of breath; he al sway suf f e
stricture from repeated intubationséWe didno
AnP23, Parent ¢
ALess than nor mal . Shortage of breat h, bl ue
activities are his main probl emsbo

iP28, Parent ¢
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A S a @md ahstroke as a result of the surgery but has no residual effects. Stroke was not
discussed before the surgery. He had so many complications that can occur in the post

surgery but still surgery was SamO0s best opt
AP32, Parent ¢
1 Social impact on the &mily life

The last set of questionsaw related to social impact 6@HD and surgical intervention on
parentsdé6 family | ife and seeks to find out
25, shows that 65% of parent consi der ed CHD lzat a rne¢aeve impactlonn | d 6 s
their family and social life.

Table 25. Social impactof CHD onp a r e fanilg libe

Social impact on the family life

26%....cccuieaeeiiiinnnn Positive
65%.....c.ceeveeiiiiiiiannn Negative
9%. .. ... eééeéeé

fiNegative impact. My husbandhesu f f er ed chroni c depressionbo

nPO1, Parent s

5t

Negative i mpact . coldiigns; sahoolcand workeabsdnees; Ihaspital
Vvisitsd inpatient/ outpatient and organizing

nPOA4, Parent s

AThe answer to this question depends on the

nowady s mostly positive. A really difficult qgu

AP1O0, Parent s
ANegative i mpact. Moved house due to I|iving
hospital. Al so | had to reduce my weatr k h ot
hospitalizations. 0

=]

P14, Parent s
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i N e g amainly fnancial (travelling from country NSW to Melbourne for chegk /

surgeries. EmotionaF at her

i P o s iimpactz &lumerous lengthy procedures, htaizations plus frequent medical

appointments plus ongoing mental health issues associated with hospitalization are

chall enging, however | feel Dblessed every
AP0O3, Parent
APositive | mmgdadt .usltclhhaserbntomget her . We
anymore. So overall we are | oss stressed.
APO7, Parent
APositive I mpact We have made some new

families with hearth problems and | love doingib be mor e appreciate

APositive I mpact

8.6 Findings

can get quite down about

AiP19, Parent

nPO9, Parent
We have | earnt to be

AnP21, Parent

In the previous sections, the findings of this study are discussed in two perspeciiviesl

andnon-clinical. A summary of key findings are presented in Télle

Interviews

Table 26. Summary of key findings in each step of data collection

Expert Group of:
-CardiacSugeons
-Cardiologists
-ICU clinicians

1 Benefits of IRD to facilitate CHD decision making
complexity

1 Barriers to apply IRD to CHD treatment process

1 Facilitators to adopt IRD

1 Importance of IRD to the CHD decision making
process

1 Importance of analytic techoiies such as data
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mining in the study context.
1 Issues to design and develop the IRD application

practice.

Questionnaire |Pati entsé Pa|fBenefits of I RD to fac

making during the care process and also to assist

themtoassesshei r chil dés qu
steps.

Observation Clinical Meetings 1 Benefits and Barriers to apply IRD to the CHD
treatment process

Data Base/ Relevant clinical Data base| { Importance of analytic techniques such as data

Documents and reports mining in the study context.

In this study,additional investigation is required to determine the expected findings (EF),

emerging themes (ET) and significant findings (SF).

Expected findings are already discussed in the literature review. In plaoniagpond to a
certain development problem or opportunityward developing the IRD Modelt is

necessary to develop EF that assist in conceptualizing the initial framework.

Emerging themes (ET) are categories of analysis by using existing theoretistalictanto

examine data. Emerging themes will also be discussed to develop future relevant studies.

The significant findings (SF) are identified specifically with the findings which are
significant only to the research case study conducted at the puldptaiolocated in
Melbourne. The SF are based on interview and questionnaire data as well as observation and
document reviewing. These SF were found to substantially eliminate difficulties and barriers
to developing and implementing the IRD Model in thegital. Table27, reveals the findings

categorized with respect to each developed theme.
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Table 27. Findings Categorization

A Clinicians'intentionto uselRD SF
A Clinicians'recommendations ET
A Enablegowardsrisk factorscreening EF
A Contributingfactorsto assespatientsiquality of life ET
A Clinicians'barriersto uselRD ET
A Clinicians'confidentto addresssurgicalrisk factors EF
A Socialimpacton thefamily life SF
A Patients' quality ofife after the surgery EF
A Parentstevelof understandingbout thesurgery ET
outcomesandrisks
A Parentsintentionto uselRD SF
A Parentsattitude towardssurgerydecisionmaking process EF

8.6.1ExpectedFindings (EF)

The initial conceptual framework highlights a mechanism to enable risk factor screening to
detect risk factors. The literature review confirms that applying data mining techniques is a
possible solution to detecting surgical risictors and predicting surgical outcomes prior to
undertaking surgergFayyad et al 1996; Han and Kamber 2006; Cios.e2@)7; Kumar and
Reinartz 2012)However, the literature review shows that clinicians can predict the surgical
outcomes and detedtd surgical risk factors but with less accuracy than applying data mining
techniquegKoh & Tan, 2011 Srinivas, Rani, & Govrdha, 2010

As discussed in the literature reviéRarolari et al., 2012Yagi, Akilah, & BoachieAdjel,

20117), clinicians'confidenceto address surgical risk factors is one oé thain components

in the clinical decision making process. Clinicians should exchange their information with
patients or their families, and undertake discussions with the other clinical staff before
surgery to investigate and determine the best treatamehtiecision making processes for the
patient. Hence, they have to address surgical risk factors at the highest clinical level.
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It is important to continuously evaluate and update the IRD framework to maintain its
relevance and application. The evaluatstrould be based on anticipated surgical outcomes
being compared with actual surgical outcomes to identify and record new risk factors and
different surgical outcomes within the IRD. Patients' quality of life after surgery should be
monitored to capture thectual surgical outcomes and to identify any new-ppstative risk
factors. In the literature review, it has been determined that surgical risk factbtse level

of surgical riskchange over timéBateman et al., 201XKavousi et al., 2012 It is therefore
necessary to ensure that the IRD framework is up to date and relevant. The interview findings
support the fact that most of clinicians feel that the framework should be evaluated regularly
by relevant clinicians to make sure all new risk factors are captured and the risk
measurements are still valid. The accuracy and efficiency of the IRD would fienszhin

the course of consistent evaluation of the IRD.

Parents' attitude towards the surgical decision making process is another important
component in the IRD initial framework. As already discussed in the literature ré®avy

& EdgmanLevitan, 2012 Charles, et al., 19971 égaré, et al.,, 201IMakoul & Clayman,

2000, the patientsd family and parents woul
decision making process. This is based on the fact that the parents and family prefer to
receive more iformation during the surgical decision making process rather than just signing
the consent form before surgery. Hence the parents' attitude towards the surgical decision
making process is one of the expected findings in this study. Most of parents ése¢hech

case had a positive attitude towards using IRD during the surgical decision making process.
However, in the research case, parents would like to use the IRD to improve knowledge
sharing between clinicians and parents rather than using IRD to tmmistto make a
decision whether to perform the surgery or not. This is because all parents stated that there

had no choice except to do the surgery.

8.6.2Emerging Themes

The following section reports potential emerging themes andl@@ments relevant to the

IRD application in the healthcare context:

1) Early identification of patients atriskhr ough i nf or mation transfer

parents and clinicians
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2) Providing superior decision supptittough knowledge sharing between clinicians

3) Developing key performance indicatorsrtwnitorthe surgery risk factors,

4) Predicting surgical results to identify patients at risk during the surgery,

5) Standardizing clinical risk assessment and management processes to facilitate superior

health outomes,

The emerging themes are mapped (figlg according to their perceived degree of impact

on surgical decision efficiency, in all phases of Software Development Life Cycle (SDLC).

The places of bubbles in this map aestimated based on defined alaheasurements to

analyse collected dat&or examplej nf or mat i on transferring bet
clinicians to identifying patients at risk, as one of the captured emerging themes (the first
bubble from left), should be considered at the Btage of the solution development (design)

as demonstrated in Figure 18. Aldased on the study findingke importance of designing
appropriate functions and componentdaailitate transferring informatiobh et ween pat i e
parents and clinicians very high.

Predicting surgical resultébubble 4)is also the other emerged themes that should be
considered during the design phase while t|
parents and clinicians is very high.

Providing functionalities to falitate knowledge sharing between clinicigbsibble 2)is the

other emerged theme that is important to addresmglihe design phase. Howevéne

findings show knowledge sharing between clinicians is very challenging and without an
acceptable protocalefinedby the hospital, it is not possibletion such a process.

Monitoring and assessing key performance indicators (bubble 3) also should be possible
throughthe IRD solution and sufficient technical features should be developed to facilitate it.

The studyfindings show having this functionality is not really clinical for clinicians, due to
regular check up at the hospital.

Standardizing clinical risk assessment and management processes (bubble 5), is one of the
important emerged themes that shouldcbesidered during the solutiomplementation In

fact, clinician believe the solution should &edited and evaluated by experts regularly and to

do this a standard risk assessment and management process should be organized by the

hospital executives tkeep the system up to date and enough capable during years.
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Figure 18. Mapped emerging themes

8.6.3Significant Findings (SF)
This research study has revealed findings that are significant in the research case study of
children afected by CHD who underwent surgerytla¢ Hospital Of the hospital clinicians
who were participants ithe study interviews, many hadpositive intention to use the IRD to
detect surgical risk factors and to prediatgical outcomes more accurately. Pagticipants
also commented and believed that the IRD can be useful in improving knowledge sharing

between clinicians.

Three clinical specialities in the management of CHD surgery are cardiologists, cardiac
surgeons and specialists in neonatal cardingive care. The interview content showed that
most of the clinical specialists mentioned that communicatiod knowledge sharing
betweertheir relativespecialities isvery important and IRD might be a suitable facilitator to
improve knowledge sharingebwveen thes clinicians. The participantsade the comment

that there are always sorh@den risk factors or possibgn inaccurate translation of risk
factors. It can be said then that in these cases IRD can be helpful in assisting clinicians to
make thebetter decisions particularly during the qmeeration phase in the treatment of
CHD.

The findings of this study pertaining to CHD cases, suggest that clinicians feel that the IRD
cannot be helpful during surgery. This is because the cardiac surgeons bediethe IRD
might be more efficient before and after surgery, due to the nature of critibalcadkcision
making during surgery. The cardiac surgeons commented that they prefer to make some ad
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hoc decisions which rely on their experience and knovdedgher thangsing an application
such as théRD.

CHD for children is one of the most comment health problems and it affects ahiarnen

around the world. A€HD is diagnosed after birth, it creates a very emotional situation for
the parents andtheap i ent s 6 f a midHP on thE pagents ang thewr socia &nd
family life is significantly negative. The study questionnaires, in fact, showed that 65% of
parents stated that t heir chil dés health pr
family life. 70% of parents had a positive intention to use the MRidel with the view its

use would alleviate, to some extent, stress and anxiety associated with CHD in their child.
Therefore using the IRDModel to predict surgical outcomes and to detsatgical risk

factors in each step of surgery might be helpful in reducing parents stress and emotional
pressure during the treatment and surgical process. The parents and family of the patient
believe that the IRDModel can be useful to keep them informaldout the clinical process

and surgical risks.

8.7 Summary
This Chapter presented all the results and findings from -seodtured interviews,

guestionnaires, observations and databases, documents and reports revibeinge of
thematic analysis was pled in the analysis of data in this research. The study results are
presented based on the two different perspectives, that is, clinical andimecal. The

clinical perspective was obtained from analysis of collected data through the expert group as
well as clinical observations, data bases and reports. Thelinaal perspective came from

the parentsd6 thoughts and feelings, collecte

The benefits of the IRD as determined through s&tmictured interviews with the clinician
expert groups include:
1 Facilitating CHD decision making complexity,
9 Barriers to apply IRD to CHD treatment process,
1 Facilitators to adopt IRD,
1 Importance of IRD to the CHD decision making process,
1

Importance of analytic techniques such as data minitigeistudy context,
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issues to design and develop the IRD application in praclibe study findings through

anal ysing data captured by the parentsd que
facilitate parent sod de cssandtoassishpatentsntgassess theirn g t
childés quality of |life in different steps o
The benefits and barriers in applying the IRD to the CHD treatment process and the
importance of analytic techniques such as dataingiin the study context are the other
significants findings of this study and were determined through observation and reviewing

data bases, reports and documents.

A detailed discussion of the results, ithenplications and limitationsand the conceptual

framework will be discussed in the next Chapter.
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CHAPTER 5

Discussion

The results of this study reveal mixed support for existing theandanodelsuch as
User Centred DesigQUCD), Network-Centric Health Care OperatiofsiIHCO) and the
Intelligence ContinuunlC) Model and provided a deeper understanding of these theories by
proposing new elements within them. Based on the research findings and emerging themes,

the IRD framework was developed to address the research question
AHow tael liingent ri sk detection application ca

Further analysis of emerging themes indicated that there are several facilitators, barriers and
recommendation derived from the research casend this constitutes the sifjoant
contribution of this research to the practice of paediatric cardiac sufigerparticipants from

within the hospital who completed the questionnaires and interviews provided some suggestions and
strategies t@xtend the application @he IRD Modé to other clinical contextssuch as hip and knee

replacement in orthopaedic surgery

In order to provide an #epth understanding of the results, this Chapter discusses each of the

main components of the research framework

Contextual components ofeghiesearch framewofkection 51)
Implications and recommendations for practice (sectidy 5.

)l
1
71 Implications and recommendations for theory (secti@) 5.

1 The IRD Framework (section4,

1 Model verification and validation (sectiorb}p.

1 Lessons learntdm the Hospital (section®,

1 Lessons learnt from this study (section)5.

1 The study limitationgnd the chapter summary (sectiorts 5.9).

9.1 Contextual Componentsof the Research Framework
As already described in section 2.5.1, the main componértteedRD initial conceptual

framework (figure 11) are related to risk assessment, risk detection, anticipated results in the
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parental decision making process and the surgical decision making process, actual surgery
results and also surgery final reporthéBe components (table 27) are included in some

elements that are captured from the content of the literature review.

Table 28. Main contexts of the initial conceptual framework

Risk Assessment Monitoring and evaluating risk factors
Risk Detection Analytical techniques such as data mining
Anticipated Results Predicting the surgery results by applying analyti

techniques such as data mining

Parental decision making muort | Facilitators to assists parents to understand surg
risk factors

Surgical decision making suppor| Facilitators to improve complex surgical decisiol
making process

Actual surgery results Patientsd quality of
Final reprt of the surgery Comparing the surgery actual results and anticipa
results

The study findings suggest more components that make up the IRD Model (table 28), such

components including

Risk factor screening,

Contributingf act or s t o gaafitsoéldes pati ent s o
P a r eiment®rdto use IRD,

Cl i n i reconamersdétions,

Cl i niiatanttomte @se IRD,

P a r eattitude owards surgery decision making process,

Benefitsof IRD to facilitate surgical decision making complexity,

Cl i n i conficemt ® éddress surgical risk factors,

P a r elevel of dnderstanding about the surgery outcomes and risks,
Socialimpact on the family life,

Benefitsto apply IRD to CHD treatment process,

= =/ =4 A4 -4 A4 A5 -4 A2 -5 -2 -1

Cl i n i oconfidgemt ®© a@ddress surgical risk factors,

122



1 P ar elevel of Gnderstanding about the surgery outcomes and risks,
1 Socialimpact on the family life,

1 Benefitsand barriers to apply IRD to CHD treatment process.

These components are also included in some elements that are captured through data

collectionwhich assists idlescriling the components functionality.

Table 29. Main contexts of the study finding

Business analytics tools

KPIs

Dashboards

Risk Profile

Business analytics tools (Data
Mining-Neural Network technics)
Web based application

Decision sharing

Knowledge sharing

Analytical Reports

Training facilites

Importance of Usability
Importance of Accuracy
Training

Using the application in prep
Using the application in posip
Information exchange between
parents

Knowledge sharing between paren
and clinicians

Enables risk factor screening

=a|=a =4 a2

Contributingfactas toassesgatients'quality of life

Parentsintention touse IRD

Clinicians' recommendations

Clinicians' intention to use IRD

E e I R e N

Parents'attitude towards surgery decision making
process

=

Benefits of IRD to facilitate surgical decision maki T R!Sk detection

. 1 Risk assessment
complexity
Clinicians' Confident to Address Surgical Risk Ellflks profile

Factors . . .
Access to surgical information

Posibility for knowledge sharing
between clinicians

E R

Knowledge sharing between parents

Parents' Level of Understanding about the Surgery L
and clinicians

Outcomes and Risks

Social Impact on the Family Life Information exchange between paren

Benefits to aply IRD to CHD treatment process Real time risk detection

Barriers to apply IRD to CHD treatment process | Delay to detect risk factors
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I n this qualitative study, cardiol ogi st s, S
parents described theiagicipation in surgical decision making. For example, researchers
often query patientsod preference (Hemdgiady ticip
2011; Pentz et al., 2012Sheridan et al., 2004However, in this research case study, all
patientsd parents descr dineghm decisiomimaking pracessnt i o n
because of a wish for exchanging information with clinicians rather than being involved
directly in clinical decisiommaking.l n f act, the parentodos descri
role (i.e. during the treatment process§ a r ef |l ecti on of the exper

the care of their sick baby rather than sharing in the deemsaking process.

Studies examining ar ent sé6 participation in clinical d
the choice of treatmerfKiesleret al.,2006 Say et al.200§. However, this stu
show there is no opportunity for patientso

regard to the clinidareatment their children. Due to the nature of CHD, the only possible
curative treatment is the surgery. Hence, parental decision making is not meaningful in the

research case study.

This study compares the differences in parents' point of view to jgtatize surgical risk
factors with clinical expertsdéd point of vie\
research pertaining to the treatment of CHD there is no evidence to suggest these differences
were examined. Consequently, the currénty findings show parents and clinicians have
completely different points of view with respect to examining surgical risk factors. For
example, physical limitation is a surgery risk factor after Norwood surgery and is recognised

by cardiologists, while pants cannot understand exactly what these physical limitations are.
Parents would like to more details, such as any limitation on walking, running or walking up

or down stairs. Clinicians usually define the level of risk by comparing all relevant clinical

facts and factors together to provide parents with an estimation of the risk level. However,
this research shows that parents would I|ike

risk rather than a generalisation.

Clinicians in this study also digss the importance of changing the surgical risk factors and
level of risks over time. Hence, the most useful approach to enabling clinicians to use the
IRD in their complex decision making is developing a-teat solution. This would involve

all of clinical conditions and observations of the patients, even their current conditions and

observations, being applied to the IRD during the risk detection and decision making process.

124



A review of relevant literatur@/redenburget al2002)examines the importaa®f useability

and acceptability to develog clinical computebased solution. The current study findings
and the literature review are consistent with the role of useability and acceptability to design
and develop the IRD solution, as presented in 28le

Clinical decision making is viewed in the initial conceptual framework in all three phases of
surgery (preoperation, at operation and post operation). However, the current study findings
show that there is no feasibility/possibility to use IRD solutduring the operation phase.

This is because CHD surgeons stated that during surgery they prefer to rely on their own
experience to detect surgical risks rather than using such a solution as IRD. Cardiologists and
specialists in ICU, however, feel comfable to use IRD during preperative and post
operative phases. There is, therefore, consistency between the initial framework and the study
findings. Data supporting this finding is presented in Table 29.

Clinical experts in this study frequently empizasl their need to produce analytical reports
by using a computer based solution like IRD to compare actual surgical results with
anticipated surgical results. Previous studies examine the significant role of business
analytical tools and data mining techues to develop analytical reports in healthcare
contexts (Burstein & Carlsson, 2008). Therefore, there is consistency between the study
findings and the initial conceptual framework to apply business analytics tools and data

mining in the IRD Model.

Risk detection and risk assessment are identified as two key components of the IRD solution,

captured in both the initial framework as well as the study findings.

Table 30. Capturing Consistencybetween the study findingswith the initial conceptual model

Analytical reports Yes
Training facilities No
Usability and acceptability Yes
Using the IRD application in prep Yes
Using the IRD application in posip Yes
Information exchnge No
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Knowledge sharing between parents and clinicians Yes
Risk detection Yes
Risk assessment Yes
Access to surgical information No
Knowledge sharing between clinicians No
Realtime decisions No

The study findings show that of fourteen inityaltlentified elements, only six elements were

consistent with the conceptual Model. These elements are:

Analytical reports

Using the IRD application in prep

Using the IRD application in posip

Knowledge sharing between parents and clinicians
Risk deteabn

= =/ =4 A4 A4 -2

Risk assessment

Therefae, the research findingsuggest that these siglements could explore key
components of the IRD framework as a solutionskmw how an intelligent framework

application can be developéadthe healthcare contekthamely paediaic cardiac surgery

9.1.1IRD Framework
The research findings and emerging themes explore key components of tfrarivork
(Figure18), to demonstratéow an intelligent risk detection application can be develdped
the healthcare contex\pplying two theoriesand oneof IC Model, NHCO and UCD made a
strong foundation for the IRBPamework

This study has found thatterviewedclinical experts believed that detecting and managing

of surgical risk factors during all three surgery phases is often vamplex, due to
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difficulties and costs of managirlgrgescaledata. However, relevant studies have shown
that the integration of modified informationcaknowledge management into ttencepts of

networkcentrc operations and the employment B o y d dmay a@dieBsAhese issues
(Von Lubitz & Wickramasinghe, 2006%on Lubitz, Beakley, & Patricelli, 2008

Boydos OODA #fAl oopod0 pr oviltheed onafour cenfipbnesot i ve f
observe, orient, decide and act, for developargativity and initiative throughout an
organi zation and harmoni zing t hieoompetdive ac hi e
environments (Angerman, 2004 Richards, 2001 The foundation of networkcentric
philosophy is the OODA loopthileBoy d6s OODA | oop governs the
extraction, developent of competitive thrusand alsogeneration of germane knowledge

(Von Lubitz & Wickramasinghe, 2006aBo y d 6 s O @GIBoMcorporatgs both people

and technologgentric conceptéBoyd, 1987 Von Lubitz & Wickramasinghe, 200%a

The dynamic aspest of the OODA loop haw seen it recently rapidly adapted by
unpredictable changes within the theatre of operatignsll et al.,200Q Richards, 2004

Von Lubitz et al., 2008 Hence, inthis research casd, is found thatadapting the OODA

loop provides an effective technique to integrate healthcare research with giaicate.

This is because applying the OODA loop involves the research case in the process of
observation, orientation, decision making and tacking action while this process is already
confirmed by the IRD initial framework and the study findings. In,fdted OODA strategy

can be integrated with the IRD process. The steps of the IRD initial framework, as
demonstrated in figure 11, include a cycle of risk assessment, risk detection,

parental/personal decision making, analytical report and evaluation.

Risk assessment is involved in the observing of data and information to assess surgical risk
factors and forward them to the risk detection procEss. information should be integrated

into the orientationstep to detect hidden risk factors and predict tingisal outcomes

through the historical data and to introduce these hidden risk factors and predictions of
outcomes to patientsd parents, cardi ol ogi st s
on the IRD initial framework, parents and cliniciatgld make a decision regarding the

surgery. However, the study findings show that in the research case study there is no parental
decision making process, in this step. The next process is taking action. This means
developing an analytical report to applgcision results to action and to evaluating the IRD

Model by comparing actual and anticipated results.
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Therefore, the OODA loop can be adapted by the IRD solution as an intelligent tool to
facilitate rapid responses to outcome data in the research Itdsows, that based on the
analysed data and research findings, the key components of the IRD framework can be
observe, orient, decide and act in a real time environment, to detect surgical risk factors by
intelligent techniques and todffsgure 19).

Figure 19. The IRD Framework

9.2 Implications and Recommendations forPractice
The discussions with the expert groups by interviews showed that Norwood surgery is much

more risky than other surgical pextures for CHD repair and treatment. This is because the
mortality and the morbidity rate is more than that found with other CHD surgical techniques.
Hence, applying a solution such as the IRD application within the Norwood surgical process,
particularly diring the preoperation and posiperation stages, would improve the surgical
outcomes significantly. Based on the analysis of collected data, surgical decisions are often
made based on doctorso6é intuition -achdaaexper.
hidden in the database. However, based on presented results there are numerous risk factors,
and possible cardiac conditions and diagnoses across CHD spectrum of surgery which makes
surgical decision making and the knowledge sharing process complexll forvolved
healthcare parties. Thematic analysis of qualitative data through several data sources used in
this study, proved the importance of discovering hidden patterns in data to assist in the
development of data and attributes for a data mining ntodatilitate surgical risk detection

and surgical outcome prediction. To develop an IRD Model, this research suggests using data

mining techniques namely decision trees, artificial neural networks and data classification to
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prepare the IRD Model for asin practice. Based on the research findings, the significant

roles of data mining in the IRD Model are addressing the following key requirements:

T Given a patientsod6 medical profil e, predic
and Success)

1 Identify the significant impact and relationships in the surgical risk factors with the
predictable states (Mortality, Morbidity and Success).

1 Identify the surgical risk factors through the medical profile.

The role of domain experts is important during the deplmase of the data mining solution

to allow the extraction of specific knowl edg

The study has identified that there is no decision sharing or parental decision making process
in children with CHD as there is no dsicin alternative for parents other than surgery.
Hence, this study recommends a knowledge sharing process, rather than a decision sharing
process between clinicians and parents in the CHD surgical decision making process,
particularly post surgery. The slyidefines this recommendation as an important component

of IRD Model.

In summary, the findings related to practice include:

1. The importance of knowledge sharing between clinicians as well as between
clinicians and patients through an-lime application;

2. The cliniciansd involvement during systen

3. The acceptability and capability of the system and high demand of outcome

predictions to improve decision efficiency.

This study highlighted the rol e omaflifewithr ent 6s
respect to their intention to understand and monitor-ppstative risk factors. In the case of

CHD, postoperative home care is very important to assist in avoiding any side effects or
sudden death. Hence, a solution such as IRD can éecefffi ve t o moni tor par
social life and their income to provide them with training or special services in order to assist

them to improve their knowledge and information towards-ppsetative home care.

The logical next step of this researnshto design and develop an appropriate prototype of
IRD solution in order to identify and address issues associated with usability and

acceptability of the proposed IRD model for use in paediatric cardiac surgery.
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9.3 Implications and Recommendations forT heory
In this research three strong theorigser Centred Design (UCD), Netwe€entric Health

Care Operations (NHCO) and Intelligence Continuum (MDdel, were applied tocreatea
comprehensivebody of knowledgethat was usedo develop the IRD ModelThe study
findings make a significant contribution to theory by proving the importance of the principals
of the three theoriess well as proposing new elemeotsitributingto them

9.3.1 User Centred Design (UCD)
UCD guidelines can be applied in the design @ekelopment of the IRD framework in order

to explorethe explicit understandinghe o f usersod6 tasks tme enei s

multidisciplinary skills and perspectives.

The expl oratipmmspectvkearcd ipatci eamis®06/ prdornsthe sd p e
design phase about thaipllective attitudes towardéshel RDdés potent i al as

applyingintelligent solutions in the healthcare context.

This exploratory research also reveals various steténical concerns abotlie potential
impacts of the IRD solution on clinical knowledge sharing, critical thinking and complex

decision making process

This research reaffirms the importance of UCD principles and clinician participation in the

subsequent design procesedto evaluate theadution acceptability.

U Implications and recommendations fortheory

One of the principals of UCD i s defined a
understanding of user s, t & Dkager 1886;d Gulkkser,i r o n m
Goransson et al. 2003; Aon & Fitzgerald 2008). The study findings emphasidbe
significant r o | ie theoddésigrmfahtalthearet seldtiongha pasemts being

Ai nf or mat i oncompeneneof heeg ysVt,ema user s. I n this :
receivensentaskpagptai ent sé parents who need t ¢
pertaining tadifferent treatment process T h e  p going of Yiedv & important to improve

the capability and acceptability of the designed solutiand is due to patient/parents

empowerment role in the care process.
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9.3.2Networkcentric Healthcare Operations (NHCO)
In order to perform knowledge transferring and information sharing among clinicians and

between clinicians and patients/pareritee application ofNHCO allows full, unhndered

sharing of informatiormn the treatment of CHD

As NHCO is employed as a source of information superiority necessary to gain competitive
advantage\(on Lubitz and Wickramasinghe 2006&)allows for the exploration ofall of the
characteristics othe operational environment ahe IRD solution such as diversity of
infrastructure, security, social structure, policies, and econoMgn (Lubitz and
Wickramasinghe 2006b).

The doctrine of networkcentric operations finds its origins in the pioneering eidBoyd
(1987), and it allowsanalysis ofthe process of decisiemaking, interaction with and control
of a fastpaced and unpredictably changing environmBi#{CO can be adapted to explore
process componewf the IRD Model to address complex setslefisions in reatlime.

U Implications and recommendations fortheory
This study confirteent dematmpontdadomai md d@f t h
order to facilitate knowledge and information sharing between care parties, as a significant
issuein developng the IRD ModelBy adapting Boyddo OODA | oop a
NHCO (Von Lubitz & Wickramasinghe, 200p#0 incorporate both peopl@nd technology
centric conceptin order to design the IRD Model is the other contribution of this study to

theory.

9.3.3The Intelligence Continuum (IC) Model

This study supportthe importanceof IC Model components in clinical complex decisio
making process in order to maximize the value of the data and thsedatato improve
processes throughe techniques and tools of data mining, BI/BA and KM (Wickramasing

and Schaffer 2006).
ThelC Model components make a suitable foundationth@IRD model by applying socio

technical components as well as new IT based techniques andstwblsas data mining
followed by knowledge discoveryas the IRD modelis a powerful compositenodel

presentng all of these components together.
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U Implications and recommendations fortheory
Thisresearchha@&sound t he fi-ti med andcéssebhg al so pl a
developing intelligent solutions in the healthcare contand time and redime processing
are used in conjunction withe other elements of I®/odel, suchas data, people,
technology, process amshvironment. This is because in clinical contexts, particularly during
the surgical phases, receiving the last available informatidnkaeping information up to
date is important. Hence, retihe data process is a significant requested component, as
suggested by participating clinicians.

9.4 The IRD Model
The functionality of theproposedlRD Model is further enhancedby drawing fromthe

conceptof User Centred Design (UCD), Netwe@entric Health Care Operations (NHCO)
and Intelligence Continuum (IC)for example, pecifically applying the three domains of
NHCO (physical; domain, information domain and cognitive dom@on Lubitz &
Wickramasinghe, 2006bin the context of networkentricity, healthare operations must be
conducted within the three functionally related domains of physioatain information
domainand cognitivedomain To developa powerful and welktructured network, which
facilitates information sharing among all participants imitthe operational continuum space

(Wickramasinghe & Bali, 2008these three domains are applied in the IRD Model.

In accordance witlthe importance of rapid decision making and knowledge generation
necessary to support decision making in comp
(Von Lubitz, et al., 2008is applied.The sociotechnical and analytic nodémtegral to the

IC Model) are included into théRD framework to support both people arethnology
perspectivesand to highlight the need for key analytics at various points throughout the
decision making processrlo facilitate capturinghe significantinput of users(clinical and

nontclinical) to design and develop theD frameworkthe principles of UCD(UserCentred

Design and C(co-creation) are incorporatedlhe IRD main components and contexts are
presented in figur20. Followed suksections present the main components of the IRD Model
designed in three domainsptysical, informathn and cognitive
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Figure 20. Main components of the IRD framework

9.4.1Physical Domain
Considering the theory of healthcare netwoektric operations, the IRD Model is founded

on three domains gbhysical, information and cognitive hrough theNHCO theory, the
physical domain is the collection afl physical assets (platims) such aslata management
facilities, hospitals or clinics facilities and activitieadministrative entitiesas well asall

other physical subcomponerfison Lubitz & Wickramasinghe, 200%c

Therefore, to design the physical domain of the IRD Model, physical components of the
study findings are explored in the research case. These comporemqsoate, redaime

processes, computer technology, data, information systems and data warehousing.

Peoplein the research case, are all clinical and-adni ni c a l actors such
cardiologists, surgeons, clinicians in intensive care,asuand administrators. These people
have clinical or administrative inputs to the current information systems available in the

hospital.

133

a











































































































































































