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Abstract
The primary pupose of this quality improvement researgito design a structured study

to improve clinical process and outcomes in healthcare. This thesis presents a framework
for quality improvemenand evaluation of a clinical decision support system in €ross
cultural settings. The framework extends a SPO mmdal SPOE modekombines with

the CRISPDM model and the Patient Journey ModeicAitecture (PaJMa)with the
purpose of providing a neapproach for quality improvement in a NICU environment

and evaluating the effectiveness of the CDSS which was implemented as a tool to support
the quality improvement research. The approach is extending mining of physiological
data in reatime to develop aew clinical practice model that can be usedhtprove the
process of caring, provide patiergntral care, support clinical decistomaking, and
increase efficacy in acute care settings. This thesis demonstrates the framework within the
neonatal care nits through a case study of late onset neonatal sepsis in Canada and
China, uses the CRISBM for the process mining and PaJMa for presentation of routine
clinical practice and clinical process improvement. This research is extending
Mc Gr egor 0s A precess anmiagh drivén framework for clinical guideline

i mprovement in critical careo in 2011.

Keywords: quality improvement, clinical decisiemakingsupport, neonatal intensive

care environment, crossiltural settingsSPOE,CRISP-DM, PaJMa
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A Framework for Quality Improvement and Evaluation of a Clinical
Decision Support System in NICU Environment in C¢@sstural Settings

Chapterl: Introduction
This thess presents a framework fdhe implementation and evaluation ofinical

decision supportystems (CDSSs) to support and measure quality improvementn(QI)
healthcare It enriches quality improvement using techniques from patient journey
modelling (PaJMpand knowledge discovery. The framework is demonstrated in this
research through a case study in a neonatal intensive care unit (NICU) htudtoss
settings.The overall goals and objectives of the research are to define a franfewQI

that improves the clinical process by utilizingCDSSs that specifically use rdahe
sensor data obtained from various monitoring and supportive medical devidet®
evaluate the effectiveness of t8®SS onclinical outcomes. This research is motivated
by a number of factors includingecent dramatic advanced information technology (IT)
application in acute care settings together with rapid growth in the availability of
physiological data fronthe medical devices used to monitor neonatethécritical cae
environment; existing issues in terms dl in the NICU environmentjnefficient
utilization of physiological datdo sipport clinical decisioomaking, and the needs of
measurement of the CDSS impact on outcoméss Tesearch is further motivated by
potential benefits tothe neonatal critical care domain where quality of care can be
continually improved by new approaches to redesiigrclinical process anthe patient
journey, develop a new clinical practice model, and to evaluateCD®S in actual
prectical settings through analysis of physiological data intiesd.

Quality of carehas been defined as fithe degree to

and populations increase the likelihood of desired health outcomes and are consistent with

1



currentpr of essi onal knowl edgeo (Lohr , that&e® O,
emphases inthe definition of quality: individual, desired health outcomes, and
professional knowledge (Lohr, 1990). Based on this definition, in this thesis, quality of
caredefines: 1) the individual as an unique pati@mtvhom the provided health services

should be focusd (referred to apatientcentered care); 2) the desired health outcomes

are the clinical goals ofthe healthcare servicebeing provided and 3) the cuant

professional knowledgthat refers to the acquirdahowledge and tools that are used to

support the healthcare provideechievethe clinical goals. To expand the concept of

qguality of care in more detaithe Institute of Medicine illustrates six coomentsof

qguality of care that includesafe, timely, effective, efficient, equitable, and patient

centered as shown in tablelXInstitute of Medicine, 2001

Component Explanation
Safe Avoiding injuries to patients from care that is intended to |
them
Effective Providing services based on scientific knowledge to all

Patientcentered care

Timely

Efficient

Equitable

could benefit, and refraining from providing services to th
unlikely to benefit (avoiding underuse and overuse)
Providing care that is respectful of am$ponsive to individua
patient preferences, needs, and values and ensuring that |
values guide clinical decisions

Reducing waits and sometimes harmful delays for both t
who receive and give care

Avoiding waste, such as wasté equipment, supplies, idea
and energy

Providing care that does not differ in quality because

personal characteristics such as gender, ethnicity, geograr.

Table 11: Six components of quality of care (Source: Institute of Medi@a@el)

p .



Quality improvement refers to healthcaractivitiesthat aim to use current knowledge,
technology,and available resourceto changeprofessional behaviours include critical
thinking, professional practice, clinical performance, and clinical decisiaking to
increase efficiengysuch activities taexpand clinicalpractice to provide a consistent,
appropriate, patierfocused, and efficient healthcare services to improve outcomes
(Committee on Quality of Healthcare in America, 20%hn, Laupacis, Bnovost,
Guyatt, & Needham, 2010T.he recent increased applton of information technology

in healthcare domairesults in an impact tbealthcare services not only at an individual
level, but also impacts aspects of quality of care, organizatittare, public relation,
economy, and dalthcare structure (Mainz, 200Many numbers of QI initiatives have
accelerated and become a high priority in thealtmcare domain globallyas a
consequence of recent dramatic developmentapplication of IT inthe healthcare
healthcare r@rganization, and transformation of healthcare systems (Mainz, 2003).
Therehave beerincreased numbers of research studieQbrronducted in healthcare
organikations during the last two decades; which the focus of theskestwasto
improve the process of caring and healthcare outcomes, imgeatient and employee
satisfaction, and increase efficiency to improve quality of c@&nertis, Cook, Wall,
Angus, Bion, Kacmarek, Kar@ill, Kirchhoff, Levy, Michell, Moreno, Proovost, &
Puntillo, 2006 Kaplan, Provost, Froehle, & Margolis, 2012). Althougpme of them
have achieved and documented significanpriovements in patient outcomesthers
indicated poor clinical outcomes and research results (Fan, et al, 2010; Keipddn,
2012). Ql is not a simple medical procedure; it is a high level of constructive concept that
the process includes continuingtbinking, learning, designing, analyzing, implementing,

evaluating,and reflecting (Kaplan, et al, 2012). There are mtagjors in reldabn to

3



i ndi vi dobjectivesQrucbuse, desigmrocesssupport, and capacity that influence

the succes®f QI according taheindividual context of QI anthe QImethod (Kaplan, et

al, 2012). To better facilitate Canadian healtacaror gani zati ons 6 abi l it
improvement goals, the Canadian Health Services Research Foundation provides the best
available evidence to key stakehokléo enable the success inlgyi summarzing the six

QI themeswhich arealsothe six irdicators(principles)that are presented in tablé-2
(Leatherman & Sutherland, 2010). Therefore, undersignihe QI objectives and to

make progress towardke goals for the Qltogether withestablishinga welkstructured

framework to guide practitione s 6 intervention i s a <cruci

framework to enable achievement in clinical outcomes improvement.

Quality Domain Principle Examples of measures

Effectiveness Healthcare services should be basec 1. Mortality rates
far as possible, on relevant rigoro 2. Compliance rates wit
scientific and research evidence evidencebased guideline
Access Healthcare services should be provic 1. Provision of emergenc
at the time they are needed within t care
appropriate settings 2. Availability of specialist
care or rehabilitation
Capacity Healthcare  systems  should 1. Staffing levels
sufficiently well resourced to enab 2. Number of scanners
delivery of appropriate services 3.Information technology
Safety Patient should not be harmed by 1 1. Nosocomial infections
care that they receive or exposed 2. Medication errors
unnecessary risk; avoiding injuries 3. Falls
patients from care that is intended
help them
Patientcentral Healthcare should be: 1. Patient evaluations ¢




-based on a partnership betwe care
practitioners and patients(and whe 2. Shared decisiemaking
appropriate, their families) 3. Patient expriences anc
-delivered with compassion, empat interactions with staff
and responsiveness to the needs, va
and preferences of the individu
patient

Equity Healthcare should be provided: 1. Comparison of care
- on the basis of clinical nee: provided across different
regardless of personal characterisi subpopulations (for
such as age, gender, race, ethnic example, older people
language, socioeconomic status versus entire populations(
geographical location 2. Mortality rates by
- in such away to reduce differences i socioeconomic status
health status and outcomes acr

various subgroups

Table }2: Six quality improvement indicatofSourceLeatherman & Sutherland, 2010)

The remainder of this chapter is structured as follows: in section 1.1efiiné@idn of QI

and its issues are discussed; section 1.2 briefly describes evaluationrCid$isand is

issues; section 1.3 identifies the research motivations; the research aims and objectives
are discussed in section 1.4; section 1.5 introduces a research method used in this
research; section 1.6 addresses the research hypothesises; contributiothebithiwill

be summarized in section 1.7; and section 1.8 presents the thesis overview.

1.1Quality Improvement and Current Issues
The concept 0Ql in the healthcare domain is widespread and has become a high priority

for healthcare systems globajlyit links organizational setting, healthcare delivery

method, technologies used to support in decision making, clipieatice supported by



evidencebasel practice, collaboration betweemultidisciplinary professional teams,
patient and employesatisfaction, and health outcomes (BatalderDavidoff, 2007;
Leatherman & Sutherland, 2010; Kaplan, et al, 2012). Batalden and Davidoff defined
their concept of QI as the combination and effort from everyone involved in healthcare
delivery activities: pa¢nts, healthcare professionals, researchers, payers, planners, and
educators worikig together to lead changes to have a better healthcare outcomes (health),
a better system performance (care), and better professional development (learning)
(2007). Battdlen and Davi dof fedhghasized the effprt andocbntriliiion
from the collaboration of multidisciplinary teams and composed a big picture of QI at a
high managemenevel and illustrated an organizational level of structure; however, there
were irsufficient details addressirmggiestions such akow to structure the QWhat needs

to be improved in the QI concepand how to evaluation QI outcomé@Batalden &
Davidoff, 2007). There are a wide range @I projects and research studies that have
beeninitiated to promote efficiency and quality in acute care settihgigg he last two
decades; some of them documented their success in improving clinical outcomes based on
their contexts (Kaplaret al,2012), other studies shown poor QI results andriesearch
publication rates due to the lack of framework and structure to guide practitione
interventions (Curtis, et al, 2006; Fan, et 2010; Leatherman & Sutherland, 2010).
Because th@l is a complexontinual processfdahinking, learning, designg analyzing,
implementing,evaluating,and refecting (Kaplan, et al, 2012)aétors within the Qthat

are essential includihe establishment @joals to achievéhe QI objectivesdesigrng a
structure of QI;monitoling progress; and evaluatinige outomes. Clinical components

such as mortality, morbidity, health status measurement, length of stay, use of protocols,

and the role of collaborative team work have been used as success indicators to measure

6



QI outcomes (McMillan & Hyzy,2007; Mainz, 2003)Although all these indicators
reflect the QI interventions to some degree in certain circumstances, some of them are too
general to be measured without clinical guidelines and appropriate interpretation (Curtis,
et al, 2006; Mainz, 2003). Furthermore, thas a causeffect relationship between
structure and outcomes of QI; the process measure based on the scientific evidence also
plays a key role and needs to be addressed to ensure the quality of QI (Leatherman &
Sutherland, 2010). However, current issaesh as the process of measuring QI remains

an open research area within the healthcare context, as well as standards for
measurements of QI are inconsistently described in theatliter (Medscape
Multispecialty, 2007). To be able to better guide professls to design a QI, Curtis, et

al. summari zed AHDN PpOdeutecomMd(SSP O) o mo d el wh i
presentedn tablel-3 (2006). As presented in the table, there is a lack of description and
explanation oftie type of technology used and themmoer and individual stafioleswho

are involved in the QI process in thaipdel

Structure Process Outcomes
1. Represents the quality o 1. What we do for patient 1. Morbid event (e.qg.
care model (thewaywe and t he pat i nosocomialinfections,
organize care) venous thromboembolism,

serious adverse drug event

2. How the ICU is 2. The synchronous efforts 2. Healthrelated quality of
integrated into the hospital of a large numbers of life
or healthcare system clinical and nonclinical
processes
3. Size of unit 3. The important process 3. Patient and family

of-care focus for quality  satisfaction of care

initiatives is transfer of




patients between the ICU
and other parts of the
hospital or between

different clinicians with the

ICU
4. Typeand amount of 4. Riskadjustment mortality
technology available and standardized mortality
ratios
5. The number, roles, and 5. Organ dysfunction

responsibility of ICU staff

Table 13: the Structurd’rocessOutcome mode|Source: Curtis, edl, 2006)

1.2 Evaluation of a Clinical Decision Support System and Current Issues
Garg et aldefined aCDSS as an information sgsh or a computer technique, such as

software,designed to aid in improving quality of care, safety, and efficiency in healthcare
(Garg,Adhikari, McDonald, Rosaérellano, Devereaux, Beyene, Sam, & Hayrgx)5).

There are some differences in existing definitions of @SS based on the types of
decisions thaheedto be made and phases of decisions that need to be supported. For
instane, various CDSSs focus on checking drug interactions, preventive care alert,
adverse drug event detection, disease prediction, disease management, cognition support,
and workflow spport (Weber, 2009; Wright, Sitig, Aslsharma, Pang, & Middleton,
2009; Rchardson,Ash, Sittig, Bunce, Carpenter, Dykstra, Guappone, McCormack,
McMullen, Shapiro, Wright, & Middleton2010).

The dramatic innovation of using CDSS to support clinical decisiaking in the acute

care environmet is widespread globallyAlthough IT professionals believed all the
CDSS they developed for the healthcare system would haymositive impact on

improving clinical decision making and outcomes, there are still demands for evaluating



the system and desired outcomes because it is not oobt analysis for implementation,

but also the effects on further clinical process improvement, clinical performance, and
quality of care delivexd to the public (Gary, et al, 2005). The characteristics of having
multiple perspectives angpes of CDSS ha advantages in supporting clinical decision
making in multidimensional ways to meet many aspects of healthcare demands; the lack
of universal definition of and consensus of CDSS also has disadvantages in the system
designing, implementation, and utilizat which makes it even more difficult to evaluate

the effectiveness of theDSSs(Richardson, et al, 2010). Hunt, et al completed a systemic
review of evaluating the effectiveness of the clinical support systems for which they
concluded that the CDSS hagositive impact on physician performance and to improve
patient care outcomes, however, it contained insufficient discussion on the effectiveness
of the support fordisease diagnosis (Hunt, Haynes, Hanna, & Smi®08). The
limitations of the study, hogwer, were that there was no information provided about how
the evaluation was completed, which research methods were used, and what were the
indicators about improved outcomes (Hunt, et al, 1998). Garg| also completed a
systematic revie of effectsof CDSS for which their results agreed that the CDSS

i mproved clinicians6é performance; however,
patient outcomes were understudied and less well described (Gary, et al, 2005). Another
review was conducted by K&m in 2000; Sk concluded that the existing issueshe
demonstration ofhe effectivenes®f clinical decision support systexinclude the CDSS

is more equivocal for guideline development and aid physician with diagnosis, there is a
lack of naturalistt design in routine clinical setting with real patients, and lack of

demonstration why and how the system were used (Kaplan, 2001).



1.3 Research Motivations
With advances inIT application and biomedical engineering in the acute care

environment, babies o are admitted in the NICU usually are connected to various
medical devices to support their life.§. a mechanical ventilator) wronitor theirclinical
condition. Modern medical devices have capabilities in acquiring, processing,iagalyz
and provideimited rolling memory storage of individual physiological parameters such
as heart rate (HR), respiratorgte (RR), blood pressure (BP), blood oxygatusation
(SpQ), and electrocardiogram (ECG) outputs and desp them on the screens for
clinicians to review,to support decisiommaking aboupotentialdiagnogs andthe plan

of treatmen{Blount, Ebling, Eklund, James, McGregor, & Percival, 2010; Catley, Smith,
McGregor, James, & Eklund, 2010)he data obtained from these medical devices are
considered crucial and essential in supporting clindecision making to enable
cliniciansto provide high quality of care and improve clinical outcoif@sffin, O6 S h e a ,
Bissonette, Harrell, Lake, & Moormar2003; Blount, et al, 2010; Catley, et al,12(.In
addition to the advantages that amsdribedabove, the innovation of the application of

IT in the healthcare domain has been designed to take many roles and expand its capacity
in many aspects of healthcamach asmedical diagnosis, physiciamder entry, condition
monitoring, disease management, communication, as well as relationships between
effective utilizaion of CDSS and Qbutcomes (Weber, 2009). The relationship between
the QI and theCDSS support is an open research areactinades anotivation to conduct

this research. Additionally there is a need to better utilize the physiological data collected
by information systems and medical devices to support QI. The existing issues in the
current status of QI and CDSS have also motivatedrdssarch ofdiscoveringhow

CDSScan support Qin the NICU environmentlin terms of current states of evaluation
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of the CDSS, unfortunatelynere is lack of a definitive model to study the evaluation and
effectiveness oCDSS little objective documentath in regards to how CDSS impacts
clinical practice, and a lack of a standard framework for evaluation of effects and outputs
of implementation (Rahimi & Vimarlund, 2007). The following issues in the current state
of QI and CDSS have contributed to motigatof conducting this research study:
1. There is lack of structure to design QI whieflects relationship about how the
CDSS to support QI
2. The traditional health science studies do not tagk frequencyphysiological data
analysisinto considerabn when it comes teupportingdecision makingbecause it was
not possible previously with information technology solution; as a rethdte is a lack
of study on using redlme physiological data to support QI
3. Most of current Qwere conducted dtigh levels; as a resulthe description of QI
processes in routine practice is under studied
4. The applicatin of IT in NICU environmentequitesthat obtained clinical information
should be utilized to enable increased efficiency and improve qualitareffor the
additional desired outcome of effective support in clinical decision making
5. There are no methods tinvestigate whether or not CDSSilizing physiological
stream behavioulimpacts clinical practice aritlso, in what ways
6. To investigte the impact of CDSS on clinical outcome and decision support
7. As there is little evidence of reported improvements to date frameworks are required
that encourage clinicians to adapt to use CDSSs that utilise the behaviour analysis of
multiple high fr&juency physiological streamsitaprove clinical processes and clinical
practice based on evidenbased practice, to increase value of patient care and

professional knowledge application
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1.4 Research Aims and Objectives
The aims and objectives of this research are to:

a. To define a Qby using reatime measurable physiological data

b. To design a framework to supp@tin NICU environment

c. To assess the effectiveness of @@SSon clinicalprocess improvement antinical
outcomes

d. To demonstrate the framework through a case study in different cultural settings

1.5 Research Method
The research method that is used for this study is a constructive research method.

Constructive research can be described as a tadg methodthat aims to produce
innovative solutions to solve specific practically and theoretically relevant problems in

the real world, which results in the creation of new application theory and knowledge and

to make contributions to thtbeory of thediscipline as presented in figurell(Kasanen,

Lukka, & Siitonen, 1993p. 24§. The constructive approach means problem solving
through the construction of models, diagrams, plans, and organization. The aim of using a
constructive research model isfitac ake a r eal worl d practical

wor | d s(@obigiGrnkavio, buders, Host, & Feldt, 2010

Practical | Practica
relevance | | Functioning
Construction,

R : —

Problem solving
Theory = | Theoretical
connection contribution

Figure t1: Elements oConstructive Research
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1.6 Research Hypotheses
A systemic review of exigg literatue, establishes thalhere is a relationship between

physiological data, redlme data analysis, clinical decision support, routine clinical
practice processes, and quality of care and outcomes improvaieehiypothesize that:
1. A framework can be defed to enable th@I through implementation dhe CDSSn
the NICU environment
2. That the framework can Iseipported by knowledge obtained from analysis of high
frequency physiological data in retaine
3. That the framework can be demonstrated to stigpoical process improvement
4. That the framework can be demonstrated within the healthcare setting where clinical
practice is routinely taken place in different cultural settings

5. The clinical decision syort systentan effectively support clinitaecision making

1.7 Scope of Research in the Health Informatics Research Team
The Health Informatics Research (HIR) teamnthe University of Ontario Institute of

Technology is composed of undergraduate students, graduate students, postdoctoral
fellows and Faculty. Each member of the team has a different research focus that is
based on the individual s background and i
platform was implemented in the NICU at The Hospital for Sick Children, Toronto, in

Augue 2009 and in the NICU at The Chil dreno:
2012. Several research projects have been completed by the team members since the
implementation of the Artemis system in the two NICUs. Most of these projects were
focused onreattime data acquisition, processing, analysis and storage; some projects

focused on parameters such as pain that potentially affect physiological data streams. The

! ProfessorsMcGregor, Eklund, Percivaind James.
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area of utlizing reatime data to support clinical decisiomaking through

implementaibn the CDSS had not been studied yet.

The work presented in this thesis is part of the Artemis Project that mainly focuses on 1)
supporting clinical decisiemaking through the implementation of the CDSS; 2) finding

out whether or not the CDSS will hagesitive impact on clinical outcomes and clinical
process thus to improve quality, and 3) using-tieaé¢ to evaluate the effectiveness of the
CDSS.

Limitations also exist in this thesis: 1) This framework design is based on completion of
validation phasef the Artemis system. Therefore, technological issues such as how to
handle false alarms; modify the Artemis system to ensure it is compatible with medical
devices in China have been completed in the previous works or are currently in process;
ensure thelata is acquired and transmitted from China and stored in the HIR Laboratory
are beyond the scope of this thesis. 2) The focus of this thesis is to design the QI
framework. Regrettably, due to time restriction, the framework has not been implemented
in the NICUs yet. As a consequence of awaiting the implementation of the framework,
data collection, data analysis for validating results, and evaluation of the CDSS are not
components of this thesis: they are the next steps of the project. 3) Paper docomentati
remains as primary document format in China. There are potential risks of missing
participants6é original gestational and del
collection, which potentially affects research result when it comes to the point of data
analysis and generalize research reports. Therefore, the Chinese research partners may
need to provide an alternative means of documentation for data collection and analysis. In

addition, some original documentiyare n t he C
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written in language other than English. Obtaining technical translation of the documents
to English may be difficult due to financial constraints, the needs of human assistance is

an alternative solution.

1.8 Contribution of this T hesis
This section discusses the contributions made by this thesis to the development of health

informatics and QI in NICU

1. To define a welstructured QI framework to make improvement in clinical practical
processes using CDSS that improve quality of care whielgriates the SPOE, CRISP

DM, and PaJMa models and enables the processing of high frequency physiological data
2. Demonstration of using a clinical case within the context of neonatal intensive care

3. To demonstrate QI can be improved by implementation of the CDSS

1.9 Thesis Overview
This thesis is structured as follows: chapter one introduced the research problems,

research hypothesis, and describes the research methodology used in this study; chapte
two consists of th literature review of relevantesearch questions; chapter three
describes clinical background in relation to clinical research; chapter four describes
current neonatal intensive care environment where the research has taken plateg; ch

five presents the framework design; chapter six demonstrates the case study; finally,

chapter seven concludes with discussion, and identifies areas for future research.
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Chapter2: Literature Review

2.1 Introduction
The mdivations behind this thesis include an increased availability of dataeiNICU

for clinicians to use for clinical decisiemaking, an increased attention Qi in the
NICU, to determine whether th€DSS can supportQIl in crosscultural NICU
environmentand to evaluate the effectiveness of the CDSS on clinical outcomé&3land
This thesis will be demonstrated via a case study in the NICU environment where
previous research have proved that a changed neonatal condition can be predicted and
detected by matoring changes of physiological time seri@ata streams include HR
RR, andSpG (Griffin; et al, 2003; Blount, et al, 2010; Catley, et al, 2010). This chapter
is orgaiized into two distinct aredscusing on the context of the research problems:

1 Quality improvement in healthcare, in particular the NICU environment

1 Evaluation oftheclinical decision support systems

2.2 Review Method
The approach to literature review was divided into two sections based on the two research

themes: the first section focused on literature related to the quality improvement in the
NICU and the second section was concerned with work related with the evaloiathe

CDSS. The initial search of quality improvement theme began with searching articles

from the Medline/PubMed, CINAHL, PsycINFO, and Cochrane database for four themes
consisting of quality improvement in healthcare, neonatal intensive carenatiitod of

gual ity 1 mprovement, and clinical deci si ol
were used to specify article keywords; English and Chinese languages were chosen to
review articles; Articles were selected published from year 2000 to year 24 8ed¢ond

section was seeking literature about the evaluation of the CDSS. Keywords included

Ahealth informatics interoperabili-+tne withi
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data analysis in NICUo Arandomi zZldatisioand no
support system evaluationo. Bool ean resul't
keywords. Published articles were chosen between the years of 1990 to 2012. In addition

to above searching technique, review from article reference lists@isitbuted to article
searching. An aforementioned technique and a snowballing search techniques also used in
both sections in conjunction with previous systematic review for the purpose of
expanding the criteria for additional articles.

2.3 Review Results
1 Quality improvement theme: the literature search resulted in 3997 screened

citations, 226 fulitext articles were retrieved and of the total 100 met criteria for
reviewing among them, more than 20 articles were reviewed to support this
research

1T Evaluation of CDSS t heme: searched art
CDSS0O0 as pr e s-E atotal df 213 articfes wene categoflsed into four
subgroups: cluster randomized trials, controlled before and after studies, and
interrupted tine series designs; among them, more than 15 articles were reviewed

to support this research.

17



Evaluation of clinical decision support system
N=163213

Randomized control trials
Nonrandomized control trials
N=58983

Methods of evaluation of CDSS
N=873

dinical effectiveness and increase efficiency
N=213

213 studiesincluded:
Quster randomized trials
Nonrandomized trials
QGontrolled before and after studies
Interrupted time series designs

=a =4 —a -

Figure 21: Atotal of 213 articles were categorised into four-gutups

2.4 Quality Improvement in Healthcare
QI has beerelevatedto a high priorityglobally. The oveall goals of Qlare to increase

collaboration within multi professional teams, enhance clinical processes, to improve
clinical performance, and increase efficiency through means of setting goals, recognizing
barriers, emironmental scanning, examining current clinical processes, identifying gaps
between current clinical processes and expected clinical outcomes, testing changes in
these processes, and implementing those changes to improve clinical processes and
healthcareoutcomes (Healthcare providers servioeganization, 2007; Baker, King,
MacDonald, & Horbar, 2003 In the past four decad, healthcare organizations have

beencontinually seeking strategies and resources to improve quality of care to promote
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healthcare otcomes while increasing efficiency. To be able to improve quality of care,

one must first identify an area famprovement and define the concept@if prior to

setting a QI initiative. Lohr (1990) defid the quality of caresa fit he degr ee t
services for individuals and populations increase the likelihood of desired health
out comes and ar e consi stent wi t h current
definition, Lohr described different dimensions associated with the term of healthcare in

his corcept:individual, healthcare outcomemnd professional knowledges presented in

figure 22 (Lohr, 1990).

Figure 22: Three themes of qu#i of care: individual, health outcomgspfessional
knowledge

Based on the three kegomponents of the concept of quality care, Batalden and

Davidoff illustratedthe relationships between three comgats as presented in the

figure 2-3. Within this figure, Batalden and Davidoff attempted to explain that quality
improvement is not a simple concept but rather a dynamic process which is affected by
everyone who is involved in patientds care

patiert outcomes and better system performance (2007).
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Better patient
outcomes

Better
professional
development

Better system
performance

Figure 23: Linked aims of improvement (Reference: Batalden & Davidoff, 2007)

20



2.4.1: Overview of QI in Healthcare

Scales, etal. ICU A cluster NO Improve quality by 1. Prevent ventilater A cluster
2011 randomiz implementing multi associated pneumonia randomized trail
ed trial intervention include: 2. Prophylaxis against ~ 1). Processfo
1). Evidencebased DVT care as indicator
practice 3. Daily spontaneous (improvement)
2). Educational breathing trials
outreach 4. Prevent catheter
3). Reminders and othe related infection
tools 5. Early enteral feeding
4). Auditand feedback 6. Decubitus ulcer
prevention
Ferrer,etal. ICU A NO Improve process by 1. Hospital mortality A controlled
2008 controlled conducting staff 2. Hospital length of stay before and after
before education in particular 3. ICU mortality study
and  after areas: guideline and 4. ICU length of stay ~ Procesf-care
study bundles treatment plan 5. Longterm follow up  performance
with clinical bundle indicator
Baker, etal.  NICU Questionn NO Improve quality by 1. Organizational culture No
2003 aire/ utilizing the 2. Team work
interview organizational 3. Leadership
assessment survey 4. Communication
feedback: identify
issues and changes
Horbar, etal. NICU A Yes 1. Multidisciplinary 1. Multidisciplinary team A controlled
2003 controlle (PDSA) leadership team work before and after
d before 2. Habit for change 2. Nosocomial infection study
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and after

3. Habit for systems 3. Chronic lung disease

study thinking 4. Intrventricular
4. Habit for hemorrhage and brain
collaborative learning injury
5. Habit for evidence 5. Nutrition practice and
based practice necrotizing enterocolits
6. Familycentered care
Horbar, etal. NICU A NO 1. Audit and feedback 1. Death before discharc A randomized
2004 randomiz 2. Evidence reviews  home controlled trial
ed 3. Trainingworkshop 2. Pneumothorax
controlled 4. Ongoing faculty
trial support via conference
calls and email
Lee, et al. NICU A cluster NO Implementing the 1. Incidence of A cluster
2009 randomiz evidencebased practice nosaomial infection randomized
ed guideline for QI 2. Death and controlled trial
controlled method: a) using of  bronchopulmonary
trial evidence form dysplasia

published literature; b) 3. Death before hospital
using of data from discharge
participating hospital to
identify hospitad
specific practices for
targeted intervention;
c). using of a national
network to share
expertise
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Curran, etal. Hospital A NO Using process control  1.Hospital wide MRSA A controlled
2002 wide controlle tool to obtain monthly rate reduction before and after
d before feedback meetings of study
and after infection rate with SPC
study control charts and
actions to improve
infection control further
Stetler, etal. Hospital A case Using 1. Routinely implement 1. The degree of NO
2007 wide study Pettigre  of evidencebased evidencebase practice
w and practice activity over time
Whipp 2. Strategic 2. The degree to which
model of management of change there is evidence that
strategic individual targeted EBP
change projectsod ¢
(Content, and outcomes were met
Context, 3. Evidence regarding,
and and tracking of change il
Process key nursingsensitive
model outcomes
for 4. The degree to which
strategic there is evidence that
change) needed strategic
department changeper
EBP-related goals
5. Evidence of the status
of the organization in
relation
Sedlack Surgical A NO Using process control 1. Waiting time A controlled
2010 unit controlle tool (six sigma and before and after
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d before statistical process ) to study

and after control charts for
study surgeon waitingime
and LOS after colonic
surgery
Needham, et al ICU A Yes Four steps model: 1. Decrease length of A controlled
2010 controlle (4 step 1. Summarizing the stay in ICU before and after
d before process evidence 2. Narcotic using study
and after improve 2. Ildentifying barriers 3. Improved delirium
study ment 3. Establishing status

model)  performance measures
4. Ensuring patients
receive the intervention

Korst, et al. Hospital 1.Cross NO Health information 1. Monitor process NO
2011 wide sectional exchange 2. Data sharing

design 3. Increase inter

2. On organizational

line collaboration

survey 4. Strength of

organizational leadershiy
in fostering a culture of

Ql
Schonlau, et al Asthma Survey  NO 1. Quality improvement 1. Patient sel NO
2005 organizat collaborative to management
ions improve quality by 2. Taking longterm
increasing medication

communication
2. Preintervention and
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postintervention

evaluation
Wirtschafter, NICU Prospecti Yes 1. Develop leadership Selfreport laboratory NO
et al. ve commitments confirmed infection rate
2010 intervent 2. Describe potential  per 1000 central line
ional best practice days
cohort 3. Develop
study collaborative processes

between members
4. Develop audit and
feedback process

5. Teach quality
improvement
techniques

Table 21: Overview of QI in Healthcare
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2.4.2 Discussion
Many existing systematiliterature reviews have explored methods and tools that focus

on different aspects of QI in healthcare domains. Table R2eserd¢d the literature
reviewed based on the categories of method of QI, structure of QI, means to support Ql,
and evaluation of QI

Method of QI Shaojar and Grimshaw summariz€l strategies that people attempted

to useas a tool to improve quality. HE categories of this methodre as follows:
providing education such as conferences or printed educational matbagtidetail
recommendations for magement a particular conditionse of reminder systems and
decision support including adding a sheet on front of a chart alerting providers to date the
pate nt 0 s mo st r e awdliting ant deedbackr te swmmary of clinical
performance for individual interventiorp at i ent education to enhar
knowledg in specific health conditionprganizational changes such as changes in
organizational structure or healthcaeam to improve process of car@nd financal
incentives as well as policy to achieve target of level of care (Shaojania & Grimshaw,
2005).

Structure of QL Many QI professionals have realized that existing QI reviews may
overwhelm clincians who are interested in Ql. Curt,al conducted a segy in 2006

where they summarized and provided a guideline to assist designing the quality
improvement in the ICU environment. They suggested cliniciansDueen ab e di an 6 s
fistructureprocessoutcom®  ( Snio@e) to first understand the elements and goals of
gualityimprovement and then condwart environmental scan to identify barriers, identify
measurement variables, before developing and implementing an ICU QI program.

Al t hough t-precesdisit comeovr enodel was described
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developng a QI in the intensive care environment, the authors did not describe a specific
model for clinical process improvement; they also noted they were lacking a method to
evaluate QI outcomes which is a weakness in their study (Curtis, et al, 2006).

In thepast few years, theDSA modehas been a popular model for QI in the healthcare
domains. Amount of many articleSperoff et al discussed how the pldmstudyact
model will assist success in quality improvement by increase process ah cdetall
(Speroff & O6Connor, 2004).

Evaluation of QI In 2011, Scales et al. implemented a cluster randomized trial QI
program in fifteen community hospitals in Ontario, Canada with goals of using ewvidence
based practices to improve ICU care outcomes and tonuateithe effectiveness of a
multicenter QI program to increase care delivery (Scales et al, 2011). As a result of their
study they concluded that a muititervention improved adoption of care practices.
However, the limitations of study were failing tacinde a clinical process model, and a
lack of documented processes of care (Scales et al, 2011).

Through the above systematieview of exsting literature, it is notable that there are a
few characteristics in current state of quality improvement in itiiensive care
environment: quality improvement in the intensive care environment has started to get
much nore attention than ever befores A consequence, studies on quality improvement
may overwhelm clinicians who are interested in quality improvensmt have to
critically analyze current state and literatures of QI. Problems with a current state of
quality improvement includes issues such as a lack of déeagpof QI processes in
detail when conducting a QI; there is an increased attention on @sirepdomized

control study design for quality improvement research; usingtireal data to improve
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quality is still undetutilized; and the needs of attention on evaluating the effectiveness of

QI program is essential.

2.5 Overview Evaluation of a Clini cal Decision Support System
CDSS are computer systems and/or software that support clinician detialang

(Berner & Lande, 2003). Although the CDSS has been used widdleihealthcare
domain and has played as an essential role in assisting clide@sion making during

the process of care, evaluation the effectiveness of CDSS remains a challenge due to lack
of a consensus of CDSS definition, in addition to the nature complexity of the CDSS
(Sintchenko, Magbi, & Tipper, 2007; Rahimi &Vimarlund,2007); therefore, by
understanding the CDSS in the healthcare domain will assist to evaluate effectiveness of
CDSS in clinical outcomes.

2.5.1 Understanding the using of CDSS to support quality improvement
The concept of a clinical decision support systeas evolved from the concept of

decision support system (DSS), as Marakas defines
A decision support system is a system under the control of one or more decision
makers that assist in the activity of decision making by providing an organized set
of toolsintended to impose structure on portions of the decisiaking situation
and to improve the ultimate effective of the decision outcome (Marakas, 2003, p.4)
The CDSSthen is defined as a designed decision support system(DSS) that aims to assist
clinician® d e anakéng intime clinical setting (Berner & Lande, 2003). There are two
types of CDSS in general. This includbe knowledgébased system thapplies rules to
patient data by using an inference engine and displays the results to the end tiser and

nonknowledgebased systerthat relies on machine learning to analyze clinical data to
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assist decisiomaking based on learning. Examples and features of the two types of

CDSS are presented in tabl@2

Types of clinical decision support system

Knowledgebased clinical

decision support system

Non knowledgebased clinical

decision support system

Example |- Diagnostic decision suppog - Also namely artificial intelligence
system system
- Clinical order entry system - Artificial neural networkgANN)
Feature |- Provide information rather thg - Learn from previous experience
analysis of information - Simulate humaithinking
-Does not S i mu|- Analysis of patterns in the da
decision making (training the artificial network)
- Clinician make their owr - Assist clinician decision making i
decision based on the informati( reattime data
provided by the system - Make prediction based on data
Componentg Three parts: Five parts:
of the CDSS ~ Knowledge base - The data management system

- Inference (reasoning engine)

- Mechanism for communication

- The model management system
- The knowledge engine
- The user interface

- The user

Table 22: Type of clinical decision support systé8ource: Berner & Lande, 2003)

2.5.2 Review of evaluation of CDSS
There are many publications thetve demonstrated that the @$€€DSS has led to

positive impacts on clinical outcomes and in reducing total cost of care (Berner & Lande,

2003). Several literature articles focdsn how to and what to evaluate the CDSS are

well documented by scholars, some of which are summarized in t&ble 2
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Overview of Evaluation of the Clinical Decision Support System

Authors/ Aims of Study Domain Evaluated Method of Metrics used to evaluat Limitations
Years  of System Evaluation the system of the study
Publication
Littlejohns  To assess the Hospitals HIS Mixed with 1) Training
et al. benefits and cost A summative 2) Reliability of the
2003 of the health evaluation system
information A survey 3) Improve
system, daily use (Interview), and communication
of the system, the a randomized 4) Data protection is
clinical and controlled trail adequate
managerial 5) Quality and actual use
environment, and of decision making
ultimately its information
effect on the 6) Administration
quality of patient processes are more
care and public standardised and efficiet
health. 7) Cost per unit service,
8) Information is used fou
audit or research
Garg et al. To review CDSS Randomized and Practitioner performance The effects
2005 controlled trials nonrandomized on patient
assessing the controlled trial outcome
effects of CDSS, remain
to identify study understudied
characteristic and/or
predicting benefit studied

inconsistent
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Kaplan How the CDSS  Healthcare CDSS Mostly RCT, in  Professionals behaviou Cannot

2001 changed clinical addition to change (clinical identify why
performance, laboratory performance) a CHSS may
CDSS could experiments or may not
improve patient be effective
care

Sim, et al. To describe and Healthcare CDSS Quantitative and The use of CDSSs to The effect of

2001 present qualitative facilitate evidencdased CDSS on
recommendations evaluation medicine therefore clinical
for accelerating methodologies to promises to substaatly outcomes
the development assess multiple  improve healthcare remains
andadoption of dimensions of quality uncertain
CDSS for CDSS use and
evidencebased design.
medicine

Aronsky et To developand ER DDSS A quast Physiciansb®d

al. evaluate a experimental performance

2001 diagnostic time-series desigr

decision support
system (DDSS),
to assess the

diagnostic
performance of
the DDSS
Kastner et To evaluate ofa Afamily CDS A randomized 1. Clinical decision 1. The
al CDS tool for health controlled trial support instrumentati
2011 osteoporosis teams in 2. To test the impact of onis a
disease Hamilton the toolsi analysis of common
management area bone mineral density treat in
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tests

3. To measure treatment

result

4. To measure nutritiona

supplements

medical
record
research

2. Individual
profession
practice
behaviour
may
influence on
clinical
outcomes

Makela et To evaluate how Primary

al.
2005

well EPR system care
meet the needs o
physician and

other professional

To determine if

there are any
significant

difference

between EPR

system

EPR
system

Questionnaire

Physicians and other
healthcare professional

feedback

Table 23: Overview of Evaluation of the Clinical Decision Support System
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2.5.3 Discussion
Through a systematiceview of evaluation of the CDSS, there areew fissues that

remain as challenges and need more attention:

1). As the ovall goal of the application of ITh the healthcare domain, 4p-date, there

is lack of a standard and structured framework for evaluatfahe effectiveness and
output of impementation in the healthcare, as walllack of research which focuses

and exploret he i mpact of | T on the healthcare
(Littlejohns, et al, 2003; Rahimi &/imarlund, 2007). It is notedhat a needs of a
structureof evaluation method for the objectively evaluate the effectiveness of IT is
essential and urgent.

2). Liu andWyatt conducted a randomized controlled trial in 2010, they commented that
the rmndomized controlled trials have become a gold standardlifocal research in
pharma&y, clinical outcomes measuretpwever, randomized controlled tria{RCT)

have a limited role in evaluating clinical information system due to the nature of research
design and the ooplexity of clinical sittings I(iu & Wyatt, 2011). They pointed out the
limited role of RCT in evaluating clinical information system, causes and needs, outline
challenges and potential alternations solutions of use RCT in the evaluating clinical
information system.

3). Many studies involved fielegests of a CDSS using different methods but there is lack
of naturalistic study design in routine clinical settings with-padlents (Kaplan, 2001).

In addition, the CDSS has been evaluated as stkme system, and was therefore not
integrated intdheclinical information system (Aronsky, 2001).

4). Their studies indicated factors that contribute to suttde€DSS implementation

including providing alert, suggestion, and computerizing the entire process (Berner &
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Lande, 2003); how to (method) evaludte CDSS remains under study (Wyatt et al,

2003).

5). Research mostly focesson c¢cl|l i ni ci ansd performance mea
improvement, but was inconsistent and inconclusive on patient outcomes due to lack of
data (Sintchenko, et al, 2007).

6). There ardimited studies on using physiological data as effectiveness variables to
evaluate &€DSS, which provides researah area for future study

7). There are also limited studies on relationship between CDSS to support QI, which

open a new resech area for researchers

2.6 Implication and I mpact on this research
The result of above literature review exemplifies the motivation for a structural QI

framework supported by the clinical decision support system in-ctdggal NICU
environment ancevaluation of the clinical decision support system. The overview of
existing QI from section 2.3 has shown the desired outcomes of having QI framework to
enable researchers to reach goals of quality improvement. Moreover, to determine
whether or not the lical decision support system is effectively support QI, the needs of
using realistic and measureable variables are the keys. Thsstéetfte formulation of
hypothesis 5 of the thesis: the clinical decision support system can effectively support

clinical decisionmaking.

2.7 Summary
This chapter has presented a systenldécature review associated with the context of

the research problems addressed in chapter 1. While there have been increasexh effort
increasing utilization of physiological datia support clinical decision making, it has led

to an opportunity to conduct this research. Since the CDSS has been used as a tool to
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support QI, whether or not the CDSS impact on clinical outcome and in which degree

provides another opportunity for cliricresearch.
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Chapter 3: Background

Different from a simple procedureya]ity improvements a complexcontinuingdynamic
processwith many factorsnvolved in order to achieve success in quality ioyement in

the healthcare fieldThe intent of thisresearchs to design a conceptual framework QF
initiatives in the NICU environment by utilizingphysiological data in redime in
combinationwith the CRISPDM and the PaJMa models. The following sections discuss
individual bakgroind components that relate this researchni detail. Theyinclude
information about the CRISBM methodology, the PaJMa model, the Artemis clinical
decisionmaking support system, and previous reseattbomesacross these areas that

formed foundational work isupportof this research.

3.1 The CRISPDM Methodology
The Cioss Industry Standard Process for Data Ming methodology (GCBMPwas

devel oped i n 199 @abasniniagproeess fChapmannonf Kerbdr, e

Khabaza, Reinartz, Shearer, & Wir000).

BUSIMESS > DATA
UNDERSTANDING “%— UNDERSTAMDING

N

DATA
PREPARATION

DEPLOYMENT ol + +

k MODELLING

EVALUATION

Figure 31: The phases of the CRIEM reference model (Chapman et al, 2000)
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As shown in figure 4L, the model breaks down a data mining life cycle into six phases:

(1) business understanding

(2) dataunderstanding

(3) data preparation

(4) modeling

(5) evaluation

(6) deployment
The CRISPDM methodology has been widely usawldhas become a standard model for
data miningand knowledge discoverg manyindustrysectorsput hasonly beemapplied
limitedly in the healicare domain (McGregoCatley & James2012). h particular it
lacked provisions for mukHiimensional time series data migin(Catley, Smith,
McGregor & Tracy 2009).
In theearly 2000s, McGregor and her te@egan to applyhe CRISPDM model in the
field of health informatics and have made saignificantachievemerstin the past few
years. The concept of data process mining was first introduced and demdnbyrate
Heath and McGregor. To validate the suitability of @RISRDM model in healthcare
domain, Heath (2006) n her hais demongirated tthe CRIBIM modeb s
correlation with the scientific method showing that it can be suitable in medical research

as presented in figure &
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Figure 32: Parallelism beteen CRISFDM and the Scientific Method (Heath, 2006)
In 2009, McGregor et al. first introduced the CRISBM principlein the critical care area
by extending it to creathé CRISPTDM model The focus of this new model was
process multidimensional phgogical data streams and demonstratedelevance for
clinical researchihrough a case study of earlier detection of late onset neonatal sepsis in
the NICU envirmment as presented in appendix 1 (McGregor, et al, 20a0)his
research, McGregor, et. aitilized the CRISPTDM model to develop a framework for
temporal data mining particularly focused on mdltnensional time series data mining
in the NICU environmentThey contuded that the CRISPDM model wasa successful

approachto knowledge discary from multiphysiological data together with complex
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reattime data analysis, which demonstrated that the CDSS has its capacity in supporting
clinical decision mking (McGregor, et al., 2010).

McGregor et allate on appliedhe CRISPDM principle inthe area otritical care area
where they developed and designed a framework for clinical guideline improvement in
critical care environment that was demonstrated witheonatal apnoea case study
(2012. In this particular research, McGregor and her cglles not only focused on
extending the capacity of CRISPM in the critical care area, but also discovered the
relationshipbetween patient journey modellif@aJMa) and process mining in critical
care omponents as shown in figure33(McGregor, et al, @L2) The evolution of
introducing the nely developed concept of PaJMa into process mining has significant
impact on their later researches, which also fundedctimcept of this research, moving
the concept of guideline improvement forwamdthe area ofQI in NICU (McGregor, et

al, 2012).
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Figure 33: Relationship between PaJMa layers and process mining in critical care
components (McGregor, et al, 2012)
The results fromthis clinical researchhave madea significant contribution in data
process miningespecially with the mukdimensional timeseries data process minitig
reaktime to support clinical decision making, as well as providing a scientific base for

this research.

3.2 Patient Journey Model Architecture
The Patient Journey Modellingrchitecture (PaJMa) was designed specifically for

healthcare environment by McGregor et al in early 2@@scival, Catley, McGregor &
James 2009) The PaJMa model provides a visual representatiorelated business
processegjata andnformationflow, technology and clinical guidelines thavolved in

a patient journey in different clinical settings, individual professional roles in the process

of patient care, and timg spent on eactlinical step (Percivaket al 2009). Italsofiuses
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horizontalhys t o present i ndependent i nf or mat
journey which lays are read vertically from left to right, with each process step moving
across the page(Percival, et al, 20Q%P.7).

3.2.1 Architecture of the Patient Journey Model
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Figure 34: Patient Journey Model Architecture (PaJMa)

As Percival described in her article, the PaJMa shown in figutewdrking from the
top-down, each layer provides important information related to the patient journey:
Al 1) a patientds entry into the heal
with staff

(2) staff roles, technologies, and processes within ifoiinaey

( 3) the individual roles involved in

provides the concept of patiecgéntre care; processes and possible decisions

made that comprise the clinical interventions and action of the journey
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(4) the informatdn required, obtained, and flowed by each process

(5) the technology involved in each step and underlying infrastructure support

(6) the patientbés care needs and priori
(7)the policies and clinical guidelines supportich decision making; the
presentation of optional metrics in each step is an unique feature the PaJMa
modelo ( P e retal, 2089P,7.

3.2.2 PaJMa and Process Improvement
As an increased effort on improving clinical processes to increase out@ndé&3l,

various process improvememethodsthat havebeen created and applied in the area of

QI are well documented: the using of the basic flowchart, process mapping and PDSA
rapid cycle, and the cognitiweorkflow map, et al (Jun, Ward, Morris & Clarksd@009;

Wall, Ely, Dlasy, Dittus, Forr, Wilkerson & Sperof2005; Malhdra, Jordan, Shortliffe,

& Patel 2007).Jun et al (2009) identified that systematic understanding of care processes
i's a necessary step to feffecaprocessnpded | i ty
calledii t ¥ @ | adddaimedto improve quality which they described first step is to
improve understanding and the second step is the documentation of a plan of QI in order
to identify areas for improvement. Although they described eighdeting techniques

that they used, they argued that the basic flowchart was unnecessarplex. Thekey

point of their model was understanding and documentéliom, et al, 2009).

Wall et al described a quality improvement initiative to reduce catheled
bloodstream infection from central venous catheters in an ICU. By applying the technique
of process mapping and the RRao-StudyAct (PDSA) cycle in the unit, they werable

to reduce the total numbef infection casess a result of embeddirtge process flow

measures within the documentation system (2005).
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In the other study, a complex workflow map was developed for the ICU environment for
the purpose of identifyingauses of medical errors and medication error prevention by
Malhotra, et al.(2007). As a conequence of their study, the underlyioguseof medical

errors wasable to be discovered to alert clinicians, however, the workflow map was very
complex and also lack of provision of process of care provision.

The PaJMa model has been ugedlinical settings in the last few yesarRecent studies

have indicatedhat PaJMa is effective modeling in playing different healthcare roles and
associated process, has positive impact on caring pr@ebg, able to represetite use

of technologyto support the process (Percival, et al, 2009). However, to date, PaJMa has
not been used to support the events based activities that constitute clinical guideline
models, where resporsdéo events can trigger ad hoc pathways of patient journey
(Percival ¢ al, 2009) In this research, PaJMa modeling will be integrated with the new

designed model to support QI by smoothing the patient journey process.

3.3 The Clinical Decision Support System
A CDSSrefers to an information technology application systeedts support clinicians

in making clinical decision. Ae literature review chapter has described differentstgpe
the CDSS|ncluding Artemis an intelligent data analytical system that was designed to
provide a reattime data processing environment supporting the intensive care
environment for clinical research (Blount, et al, 2010).

3.3.1 The CDSS Architecture
The Artemis system architece is illustrated in figure-3:
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As presented in figure-8, there are a few key components in the Artemis system: The

Figure 35: The Artemis System Architecture (Blount, et al, 2010)

Medical Data Hubis responsiblefor collecting existing data from viaus medical
devices; thé B MilfsSphere Steansoftwareplays an important role in reime steam
processing with capacity in handling multiple steams of high volume and high rate data;
an Clinical Information System(CIS) Adapter assists in accessimgdividual patiends

data from the CIS whichs integrated in the Artemis system; and Dat&egdnation
Manager (DIM) server acts asbaidge betweerthe streaming application as well data
transmission in related database in different locations which allow data transmitted from
different locations tahe data centre for purposes of data storage and anéBisisnt, et

al, 2010) As a consequence of the technique design, the Artemis system supports the
captureof acquisition,collection, storage, transmission, and processing of multiple high
frequency physiological data streams in {t@le, perform data ming, and retrospective

analysis of wave and numeric fowhdata streams combined with the supporting clinical
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information management system (CIMS) and the laboratdigrmation system(LIS)
(Blount, et al, 2010; McGregor, et al, 2011).

3.3.2 Implementation of the Artemis in NICU environment
Since 2009, the Artemis system has been deployed in several NICUs in different hospitals

and is able to acquire, collecnalyze, and store data containialgctrocardiogram
(ECG), heart rate (HR), resptory rate RR), and oxygen saturatiosgQ,) andblood
pressure (BP) strearas wellas CIMS obervations for clinical researgBlount, et al,

2010).

Delivery

m

%\inical

Information
System

" Alerts
W Artfacts
‘_‘ Policies
- Alert-Stream dependencies

Artifact Alert Artifact
Processing Integration

Figure 2. Overview of Integration

Figure 36: Overview of integration of Artemis system (Blount, et al, 2010)
For example, Catley et dlad developed a framework for modeling and translating
clinical rules to support complex ret@ine analysis of physiological and clinical data
through the Artemis system suppantfigure 37 (Catley, et al 2010). Their research
demonstrated the Artemanalytic system has capacity in identifying and detecting data
patterns in physiological data streams when indicative onset of clinically significant

conditions via a case study of apnoea, which presenfegline 37 (Catley et al, 2010)
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Figure 37: Sa0O2 values against a threshold of 85 and ABP mean values against a
threshold of 35Catley, et al, 2010)

Recently, bydiscovering andecognizing while the Artemis system has the capacity in
detecting heart rate variability in premature infants to asbistian decision making to
identify late onset sepsis, the Artemis system sometimes also targets false alarms due to
special mental circumstances such as postoperative statustioning, andusage of
narcotics (McGregor, eal al, 2010JcGregor and hecollogues designed and prototyped
an artifact management and an artifact alert integration system to capture artifact event
thus to minimized fal se al ampmsertedinfignre® e as e

(Blount, et al, 2010; McGregor, et 2012).
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Figure 38: The capacity of the CDSS in identify HRV/RRYV patternriarcotics
followed by Surgery + Narcotics (McGreget,al.,2012)

The successful implementation of the CDSS in acute clinical settings and previous
clinical researchdemonstrateshat the CDSS has capacity amalysing gh-frequency
physiologicaldata streamaccording to clinical rules to support clinical decision making
which provided scientific evidence for fhdr utilizing the CDSS as a platforto

perform thisresearch.

3.4 Summary
This chapter has provided background information relevant to this res@drehfirst

section provides an introduction and description of the CRIBPmethodology, the
application of the CRISIPM in data mining, and utilization in health informatics field.

The section presents the PaJMa model and recent studies of PalJMa 1 guquess
improvement, as well as new clinical process approach PaJMa and its potential capacity
in Ql. The last section discussed the CDSS that used in this research and it capacity in
early detection of sepsis related conditicspresent how this rearch will be supported

by the exsting evidencdasel medicine practice and scientific evidenfor the capacity

of the CDSS.
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Chapter4: The Neonatal Intensive Care Environment

4.1 Introduction
This chapter presents a review of tieonatal intensive care units Canada and China.

A full-term baby refers to a baby who was born between 37 completed weeks of
gestational age to 42 weeks of gestation (World Health Organization [WHO], 1977).
Most infants who are delivered from 37 weeKsgestation completed to 42 weeks of
gestation can be discharged from hospitals when they are two or three days old. Whereas
ot her babies who are born | ess than 37 wee
Under the large umbrella of pretermithi preterm birth is also categorized into three sub
groups based on gestational age (Media centre, WHO, May 2012):

1 Extremely preterm (<28 weeks)

1 Very preterm (28 weeks to <32 weeks)

1 Moderate to late preterm (32 weeks to 37 weeks)
As they are not maturenough, the preterm and low birth weight babies are major
challenges for perinatal and neonatal care because their under developed and immature
body systems attribute to their inability to adept to the natural living environment after
they are born. As aonsequence, the preterm and low birth babies lenger length of
stay, higher mortality and morbidity rates when comparedthw full term babies
(Canadian Institute for Health Information [CIHI], 2009)hey are clinically unstable,
and are at high ris&f developing a range of poor neonatal outcomes such as: respiratory
distress syndrome, gastrointestinal complication, infection, as well as having series
problems in their later life such as learning disability and developmebél@avioural

issues CIHI, 2009). They will not be discharged from hospitals until they are clinical
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stable. Figure 41 present information about gestational age at birth and survival

discharge from participating NICUs in Canada in 2010.
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Figure 41: Gestational age at birth asdrvival to discharge from NICUs (CNN, 2010)

As shown in the above graphs and table, for the group of preterm and low birth weight
infants, there is obviously a trertat indicates the closer to a full term, the higher

i nfant sé sur vi ofaheonataltnensivelcareunit(NIGW) therdfore was
designed and built to provide quality of care to ensure survival of preterm babies
(Committee of Fetus and Newborn, 2004). A NICU is a dynamic healthcare professional
team with advanced technology a&ance to facilitate optimal outcomes and is an
essential key to providing care to highk infants including those born preterm or with
serious medical/surgical condition to improve outcomes (Committee on Fetus and
Newborn, 2004).

The remainder of thishapter describes the context of NICU environment in Canada and
in China. The chapter is structured as follows: section 4.2 describes the NICU context,
physical environment, medical devices and monitors in Canadian NICU; section 4.3
describes the NICU in QGmma, including detailed information about NICU context,
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physical environment, and medical devices and monitors; section 4.4 briefly describes
issues of neonatal sepsis,dtamplication, challenges clinicians are facing with diagnosis,

and needs of bettemanagement to prevent this condition.

4.2 Neonatal Intensive Care in Canada
4.2.1. NICU Canadian Context
There are approximately 13 million premature babies born eachglgdzally. In North

America,approximately 10 per cent of newboyies 500,000 bab® are preterm inflats
according to CBC news (CBCdaws October 4, 2009). A recent report from the CIHI
indicated there were more than 54,000 preterm babies or low birth weight for their
gestational age (GA) born in Canada in the year 6620
Infantsadmitted into the NICUs range from as small as less than 23 weeks of gestation to
greater than 42 weeks of gestation (CNN, 2010). All these infants in NICUs need constant
attention and monitoring for their aoonditi
care needs. To be able to meet their care needs, the neonatal intensive care unit is
organized into three designations at hospitals in Canada according to the Fetus and
Newborn Committee in the Canadian Paediatric Society (CP8):200
Level 1 Basic nenatal care (normal newborn nursery)
Level la:
A Evaluation and postnatal care of hea
A Phototherapy
Level 1b:
AcCare for infants with corrected gestational age greater than 34 weeks or weight
greater than 1800 g who have milbhdss expected to resolve quickly or who are

convalescing after intensive care;
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AAbility to initiate and maintain intravenous access and medications;

A Gavage feeding; and

A Nasal oxygen with oxygen saturation
lung disease needing lotgrm oxygen and monitoring)
Level 2 High-dependency neonatal care (special care newborn nursery)
Level 2a:
A Care of i nfants with a corrected ges
weight of 1500 g or greater who are modelatill with problems expected to
resolve quickly or who are convalescing after intensive care;
A Peripheral i ntravenous infusions and
duration;
A Resuscitation and st abi lahappropiiatercareo f i |
facility; and
A Nasal oxygen with oxygen saturation
lung disease needing lotgrm oxygen and monitoring)
Level 2 b:
A Mechanical ventilation for bpositwd dur a
airway pressure; and
A Ilntravenous infusion, total parentera

central lines and percutaneous intravenous central lines
Level 3. Intensive neonatal care (neonatal intensive care nursery)
Level 3a:

AcCare of infants of all gestational ages and weights;
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A Mechanical ventilation support, and p
required; and
A Il mmedi ate access to the full range of
Level 3b:
A Co mp r e bsikeraccesto subspecialty consultants;
A Performance and interpretation of adyv
tomography, magnetic resonance imaging and cardiac echocardiography on an
urgent basis; and
A Performance of maj or paregle meynbraoen sit
oxygenation, hemofiltration and hemodialysis, or surgical repair of serious
congenital cardiac malformations that require cardiopulmonary bypass
Level 3c:
A Extracorporeal membr ane oxygenation,
surgical repair of serious congenital cardiac malformations that require a
cardiopulmonary bypass (CPS, 2004

4.2.2 The NICU Environment in Canada
With rapid information technology application in acute care environment, new techniques

and instruments play importaroles in life support, monitoring, and treating sick babies.
Neonates soon after birth are connected with various medical devices to monitor their
condition and even to provide life support after admission is routine practice irofnost

level Il NICUs.

Through the medical devices and adequate
physiobgical data such adR, RR, electrocardiogranperipheral oxygen saturatiomand

blood pressure can be captured and constantly displayed on screens for slitocian

52



review (Figure 42); however, inthe current praégte model, most of these data are
snapshat on screens for clinicians review unless they docunttemtdata on paper for
further useThis practice model has limitation in assist clinical decision makingusec

of its inefficacy (clinicians have to manually document data on paper), inconsistence of

data analysis, and not reithe data.

Figure 42: The NICU environment in Cana@&ource: Kamaleswaran, 2011)
As one of the goals of this research is topiave current clinical practice, it
implemenétion of the CDSS in this researcthe availability and storage of neonatal
physiological data in the clinical system usually as an hourly spot or summary reading,
which provides health informatics professatgia great opportunity to utilize the data to
assist clinical decision making and make predictions to ingwical outcomes and

quality.
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4.2.3 The Medical Devices and Monitoring in the NICU in Canadian Context
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Figure 43: Medical devices used @anadiarNICU (Source: Kamaleswaran, 2011)

As displayed in figure 8, in order to closely monitor a
who stay in the NICU are connected with various medical devices to have Igersup
and condition monitoring. hequipment includes:

1 Overhead warmer: an overhead warmer is a heating source that provides heat to a
baby. A warmer usually used instead of an incubator if the baby needs to be
handled frequently.

1 Phototherapy lights:he bright blue fluorescent lights plee d over t he b
incubator are used to treat jaundice. Babies with jaundice usually receive the
Aphototherapyo treatment for about one

1 Blood pressure monitor: a blood pressure monitor is a machine connected to a
small blod pressur e cuf f wr apped around a
automatically takes the babyés blood p

numbers on a screen for clinician to read.
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1 Cardiopulmonary monitor: anachine that tracks the baby's heart andtbireg
rates. It is connected to the baby by small adhesive monitoring pads placed on her
chest. The monitor displays information on the screen, which can be printed onto
paper. If the baby's heart or breathing rate becomes too fast or too slow, an alarm
will sound.

1 IV pump: adoctor or nurse will insert a very small needle or tube into a tiny vein
in the baby's hand, foot, arm, leg or scalp. The needle is taped in place, and
attached to a thin plastic tube (IV line). The tube goes to an IV pump connected t
a pole next to the baby's bed. The baby can also receive medications and blood
through the IV line.

1 Umbilical artery catheter: baby's umbilical cord has two arteries and one vein,
which end in his belly button. A thin tube (catheter) can be insemtedone of
these vessels and threaded to the aorta, the largest artery supplying oxygen to the
body. Through this catheter, doctors and nurses can painlessly draw blood. They
don't have to repeatedly stick the baby with needles. They can give him fluids,
blood, nutrients and medications through this tube. A small device can be attached
to the catheter to continuously monitor the baby's blood pressure.

1 Oxygen saturation monitor: small Ushaped device that is wrapped around a
baby's foot or hand and secunedh a stretchy bandage. It uses a light sensor to
help determine if the baby has enough oxygen in her blood. This sensor does not
hurt a baby at all. It helps doctors and nurses determine whether she needs more or

less oxygen, while reducing the needgamful blood tests.
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1 Feeding tube: a medical device used to provide nutrition to neonate who cannot
obtain nutrition orally.

1 Ventilator: amechanical ventilator is a breathing machine that delivers warmed
and humidified air to a baby's lungs. The sicklkabies receive mechanical
ventilation, meaning that the mechanical ventilator temporarily breathes for them
while their lungs recover. The air is delivered to the baby's lungs through an
endotracheal tube (a small plastic tube that is inserted througbyésnose or
mouth down into the windpipe). The amount of oxygen, air pressure and number
of breaths per minute can be regulated totneaeh baby's needs. (March of
Dimes, 2012).

4.3 The Neonatal Intensive Care in China
4.3.1 NICU Chinese Context
Accordng to statistics from the WHO report in May 2012, there are about 1,172,300

preterm babiebornin China each year (WHO, 2012).

There are three levels of hospitals in China according to the official standards including
financial state, annual budgetirigtal beds of hospital, and medical equipment; however,
the levels of neonatal care provision in a hospital is not clearly identified and categorized
due to complicated historical and political reasons (Feng, 2009). According to Feng, in an
urban area, soenhospitals are able to provide care to babies whose care is complex,
while others are not. The hospitals that are able to provide quality of NICU services with
modern medical devices are mostly located in big cities such as Shanghai and Beijing;
others hgpitals may provide level Il NICU services in nsite cities (Feng, 2009).

Recently, following the American Academy of Pediatrics (AAP) standards, the Ministry

of Health of Chinawatedi A’ gui del i ne to build a NICU
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attemptirg to categorize neonatal intensive care units. Listed below are the described

requirements in details:

Level I: Normal newborn nursery where provides basic neonatal care

il
1

T

Neonatal resuscitation

Healthy baby evaluation and postnatal care of healthy newborns

Care for infants with slight deformity and high risk full term newborn sttble
vital sign

Initiative treatment and monitor those neonates vewuire o transfer to a NICU

Level II: (Neanate Special Care Unit)

Level Il A:
1 Care for infants whose vital sign stable pending to transfer to NICU for other
diseases
§ Care of infants with gestatioD 3 \Reeks or greater or has a birth weight of 1500
g or greater who are moderately ill with probleexpected to resolve quickly or
who are convalescing after intensive care
1 Able to care of infant birth weight 2000 g or greater or gestation 35 weeks or
greater
1 Apgar 46 with stable vital signs
1 Intravenous infusion, total parenteral nutrition, and possh®yuse of umbilical
central lines and percutaneous intravenous central lines
Level Il B:
1 Need 24 hours ventilation or continuous positive airway pressure (CPAP)
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1 Care of infants whose birth weight 1500 g or greater, or gestation 32 weeks or
greater
1 Lessthan 72 CPAP or less than 24 hours ventilation
1 Onsite dtrasound
1 Intravenous infusion, total parenteral nutrition, and possibly the use of umbilical
central lines and percutaneous intravenous central line
Level lll: (Neonatal htensive Care Unit)
1 Care d infants of all gestational ages and weights;
1 Constantly RR, HR, HP, blood gas, electronic monitoring
1 Mechanical ventilation support
1 ECG, CT and MRI
Level Il A:
1 Care of infants birth weight 1000 g or greater or gestation of age 28 weeks or
greater
1 Severe sepsis
1 Mechanical ventilation support
1 Minimal deformity correction surgery
Level Il B:
1 Care of infants birth weight lesisan 1000 g or gestational algss than 28 weask
need advance NICU care

1 Comprehensive ggite access to subspeciatynsultants;
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1 Performance and interpretation of advanced imaging tests, including computed
tomography, magnetic resonance imaging and cardiac echocardiography on an
urgent basis; and

1 Performance of major surgery on site but not extracorporeal membrane
oxygenation, hemofiltration and hemodialysis, or surgical repair of serious
congenital cardiac malformations that require cardiopulmonary bypass

Level Ill C:

1 Able to perform extracorporeal membrane oxygenation, hemofiltration and
hemodialysis or surgical repadf serious congenital cardiac malformations that
require a cardiopulmonary bypass (The Ministry of Health of China, 2012:
Building NICU guidelines)

4.3.2 The Medical Devices and Monitoring in the NICU in Chinese Context

Figure 44: NICU Medical Monitomg Devices in China (Photo taken Aug 26, 2011 at
TheCh i | d owpitaliosFuddriniversity, Shanghai, China)
There are some similarities in level Ill NICUs in Canada and China in regards to the

medical devices used in the NICUs, such asgisin ovenead warmer, billirubidights,
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umbilical artery catheter. However, there are some main differences between Canadian
and Chinese NICU6s as a consequence of pol
1). Canadias donot have to pay any healthcare cost if they are hospitalized as a benefit
from the public healthcare system wherdaisinese have to pay all hospital cost if a
resident does not have fully instance coverage;
2). In China, clinicians use pulse rate thatl&ived from pulse oximetryo monitor
cardiac function instead of using the ECG as part of routine practice;
3). Chinese clinicians tend to feed a baby with an oral syringe instead of a feeding tube
as well as tend not to use an IV pump in the NICU
4). the biggest practical different between Chinese and Canadian clinicians are Chinese
clinician do not ofér any infant narcotics such as morphine for pain managemeetr as
their cultural believes and values whilee Canadian infant will receive narcotidst is
necessary for the infants to have better pain management
All these differences in clinical routine practice have impactttenquality of care
clinicians provide to infantgherefore, these factors haveltetaken into consideration
when desigimg the framework for QI to ensure the framework can be implemented in

different cultural settings.

4.4 Neonatal Sepsis
Neonatal sepsis is a complex medical condition that remains a major cause of morbidity

and mortality in children worldwidewith an especially high prevalence low birth
weight (LBW) and premater infants as shown in figure-3 (Goldsein, Giroir &

Randoilph,2005; Haque, 2010).
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Late onset sepsis (by BW)
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Figure 45: Prevalence of latenset neonatal sepsis by birth weight (CNN, 2010)
Clinically, neonatal sepsigs usually described as a symptom rather than a diseake
categorized into two subgroups according to time to arfsginical signs and symptoms.
Early-onset sepsis usually occurs within the firsthéirs of neonatal life and latenset
sepsis (LANS) occurs after 72 hosito 9 days of life (Ng, 2003; Vergnano, Sharland,
Kazembe, Mwansambo, & Health, 2004). Clinical studies have found while ey
sepsis mainly is caused by acquiring the infection agent prior to and/or duringtesg
of delivering, lat-onset sepsis is caused hgquiringthe infection agent after infants
were born (Vergnano, et al, 2004). Any delay in and/or inability to diagnose and
commence treatment of sepsis can lead to severe complications, such asdimpaire
neurologic function, cerebral palsy, intravascular coagulation, septicaemia shock, and
death (Carcillo, 2005; Ng, 2003). By recognizing the importance of idargigepsis on
time, the Canadian Paediatric Society recommends screening and treatingskigh r
mothers prior to delivering babies to prevent and decrease the risk of development of the
earlyonset sepsis (Barrington, 2007). However, early identification and detection of the
late-onset sepsis remains a major challenge for clinicians due to \agleninimal

clinical presentation of warming sigand symptoms of LRS (Ng, 2003). Traditionally,
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clinical diagnosis of sepsis relies on clinical manifestations and confirmation of
laboratory tests as a consequence of limited technological support (l2840e,Mahk

Hui, Pennie & Kirpalani,2003; Goldstein, 2005). Recent advanced development in
clinical diagnostic technologies such as the biomarker detection technology and the
guantitative cellular measurement promise the availability of improved diagnost
techniques (Haque, 2010; Mahket al, 2003; Goldstein, 2005), but tdweyhave
disadvantages as they rely on daily routine screening, invasive measurements, and a long
turnrarownnd time for results (Goldsteir2005; Ng, 2003). Recommendations that early
recognition and diagnosis of sepsis is beneficial for prevention, promotion, and improve
clinical outcomes are well docwnted, thus clinicians desirechnical support system to
assist them in early identification of labaset sepsis to promote bettenidal outcomes
(Chiesa, Panero, Osborn, Sinetth & Pacifico, 2003

Efforts on developing nennvasive techniques to predict and identify lateset of sepsis
haveaccelerated in the last two decades (Chiesa, et adl; Z&iffin, et al, 2003). Among
them, Griffin et al. summarized reasons of being difficult and challenging to identiy late
onset sepsis and sepiilke iliness at early stage due to the current clinical diagnostic
laboratory and imagintechniques (Griffin, et al, 2003; Griffin, et &007). The study
facilitated them to conduct another study in which they discovered a significant clinical
finding: the lateonset ronatal sepsis has characteristicly physiological changes 12 to

24 hours prior to clinically symptomatic presentatiparticularly occurrence in changes

of the heart rate (HR) characteristic of reduced variability and decelerations (Griffin, et al,
2007; Griffin & Moorman, 2001). Their findirsggare important in facilitating other
clinical research and have sificant clinical meanings thatirst provide the clinical

evidencebasel practice guideling for further clinical research, as well as providing
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potential opportunities in seekirgproper technique developmer the early detection

of theabnormal behaviour iphysiological data to alert clinicians in clinical settings.

4.5 Quality Improvement in NICU
Literature in QI i n the NI CUOGOm®evdr dedore.b e e n

Strategies of Qlin the NICU are well documented, such strategies includesaser
collaboration between mulpirofessional teams (Horbar, et al, 2004; Horbar, et al, 2006;),
improve process of care through educational programs (Ferrer, et al, @0 total
number of medication use to prevent drug side effactd,efforts orreducing incidence

of nosocomial infectio (Payne & Avery, 2011). Although few researches have
recommended ways of reducing nosocomial infection rate by removing IV catheter as
soon as completing antibiotics treatment and emphasizing avoid necessaryeinvasi
contact,strategies of how to reduce nosocomial infectm how to predict potential
infection are less documented and remaider study. As described in previous sections,
the NICU contais various medical devices thabduce a vast amount of phgkigical

data for clinicians to reviewo facilitate care of neonateghe ideal model for a medical
monitor has features and capabilities of not only capturing physiological data for
displaying in seconds, but also extends its capacity to analyze ansl dhba
synchronizatbn while displaying on screens to assist clinicians to plan treatment to
prevent disease progress and improve clinical outcoifesrefore, to design a proper
computeraided support tool such as implentation of the CDSS, create a nelmical
practice model, and develop a framewtwkmprove clinical procesand outcomesh the

NICU to facilitate reduction of nosocomial infectidimusto improve quality of care in

NICU are new areas for further clinical research.

63



4.6 Summary
This chapter described the NICU environment, medical devices used, and availability of

physi ol ogical data acquisition and storage
increasing availability of physiological data in the NICU, there is a trend in clinical
research moving towards how to implement tool to properly utilize physalogata to

support cliniciansn early clinical decision making, with the intent of improving clinical

outcome.
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Chapter 5: Proposed a Quality Improvement Framework Design

5.1 Introduction
As described in chapter 1, the purpose of this research is to design a framework for the

implementation and evaluation of clinicdecision support system® support and
measure quality improvemenh healthcare. It emches quality improvement using
techniques from patient journey modeling and knowledge discovery. This chapter is
composed of two sections: the first section describes the overall structure of the
framework through implementation of the CDSS to supportitguanprovement; the
second section describes the plan of evaluation of clinical outcomes and the CDSS in
further detail. This chapter addresses hypothesis 1 and 2 of this thesis in which a new
approach is taken to support the QI framework design thrduglding a structure
processoutcomeevaluation (SPOE) model, based on Donabedian's concept of epfality
care framework in combination withe existing CRISRDM data mining model and the
patient journey modeling (PaJMa).

This chapter addresses the follogiresearch hypothesises of:

1. Aframework can be defined to suppquality improvement through implementation of

the CDSS

2. That the framework can be supported by knowledge obtained from analysis of high
frequencyphysiological data in reatime

5.2 Proposed Quality Improvement Framework Design
This section introduces the framework designduoality improvement primarilyvhere

the intervention is implementation of the CDSS. For the purpose of QI framework design,
the QI strategy in this thesis is defd as a means of improving the clinical process and

enhancing practical performance to improve quality of care in which activities focus on
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providing optimal patient centric care, effectively utilizing clinical data, increasing
efficiency, and increasingatient safety through support from the CDSS.

5.2.1 The SPOE Model Design
The structure, process, and outco(BO) are the three key dimensions that reflects

Donabedi ands c-of-naceefrarhewookf (Mitchella Feikdticgh & Jennings
2007). Donabdian clearly identified a simple causkect relationship in his framework

as he assumed that the structure of healthcare model affects the caring process which
further has impact on healthcare outcomes (Mitchell, et al, 2007). However, there was a
lack of attempt for the incorporation of feedback for the continuation of quality
improvement in his framework.

Based on Do n pthoé gualityoi-6ase, Carts mrd énis colleagues extended
Donabedi ands -afcaleewlith tleefadditjon aflanvalugtion phase in their
model, butheyfailed to utilize objective data to evaluate the pro¢€sstis, et al, 2006).

Goals and Objectives

Quality Improvement Cycle

Evaluation
(Reflection)

Planning
(Structure)

Implementation and processing

Figure 51: The Quality Improvement Cycle
To date, the concept of QI hbsenidentified as a dynamic cyelthatincludes phases of

identifying goals and objectives, planginmplementing and evaluatios dlustrated in
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figure 51. Within this cycle, organizational structure such as policy and protocol, model

of healthcare delivery, practice guidelines, gaitstaff ratio, size ofthe healthcare
environmentand resources are hard factors that directly affect patient movement which is
part of patient journey and clinical process, thus impact on qualtpre patient
received; staff attitude, patient chaexddtics, and clinical intervention are also
considered medicate (soft factors) which also affect clinical process and outddmaes.
implementation amh processing phase includésols that used to support QI and its
process.

Based on the QI cycle, the @Ir amewor k proposed in this th
with incorporation of an evaluation phase in the QI model which aims to seek feedback
for the previous of three phases and to reflect the original framework design for further
development and modifation. In addition it utilises the structure of the CRISM and

the extended CRISPDM models to provide structure for the phases to identify the goals
and objectives together with planning and evaluation. Support for the implementation
phase is providethrough the use of the PaJMa model to improve delivery of the new
care process.

In this proposed framework, organizational structure refers to available resources,
healthcare delivery model, policy and protocol, practice degjine, healthcare
environmentsuch asbed space, information technology, and information systems; the
process documents the sequence and timing of activities that occurs between healthcare
providers and patients and their families which is the key area that this framework will be
focusi ng on; the outcomes refers to final re

for. One of the biggest challenges of this framework is how to integrate the SBGHE m
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with the CRISPTDM andPaJMa modeg] it is also one of the unique contributionfsthe
thesis.
This section illustrates the extension made to create the SPOE model as highlighted in
figure 52. Within this model, the evaluation phase is created to evaluate clinical
outcomes as well as effectiveness of the CDSS to reflect the Qgsréar further study.
The proposal conceptual SPOE model in this framework addressed hypothesis 1 of this
thesis

A Aramework can be defined to suppquality improvement through

implementation of th€ED S S 0
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Outcomes

The size of the Qinical process Qinical Outcome
unit model indicators evaluation
(Implementation
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model Evaluation of the
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of staff

Type of medical Process/

Activities
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The integration
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recommended
targets

Impact on clinical
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Qurrent clinical

practice
processes

Policy and
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Figure 52: SPOE Model
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As presented in figure-8, prior to redesign of the SPOE mod®tpectedmprovement

must be made in regards to the identification of needs and areas, the setting of QI goals

and objectives, environmtl scan to identify resources, opportunities and strengths with

the system, identify expect QI outcomes and gap between current clinical process and

expect outcomes; cultural elements such as values, beliefs, attitude and expectation are

crucial in the SPE model design to ensure reach goals and success in clinical

improvement. In the designed SPOE model,

Structure:

i

i

i

The size of unit (environmeaitfactor, such as bed space, total number of patients
in designed area)

Staff-patient ratio

The numbersioles, responsibilities of staff

Type of medical device used

Type of available technology used

The integration of CDSS system with the hospital information system

Quiality of resources, management system, and policy and guideline using

Process:

i

Using the PaJMa to present patient journey, staff roles and responsibilities,

information created and captured, technology used, and clinical guidelines

Expected Outcomes:

i

i

i

Defined clinical indicators

Patientsd satisfacti on

Staff satisfaction
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Evaluation:
U Clinical outcomes
i CDSS
U Audit and feedback
U Accompanied by recommended targets
U Impacts on clinical process

5.2.2 The Extended CRISRDM to support QI framework
This proposed QI framework suggests the combination of the SPOE model with the

extended CRIS®M model to allow for a clearer understanding of business of goals

based on a medical unit structure, followed by process and utilization of clinical data to
assst with clinical decision making thus to improve qualiffcare. The following

section briefly describes integration of the SPOE model and extended -ORM3&sks

completed for the purpose of quality improvement within the context of the framework.

As described in previous section, the SPOE model has established a structure fer Ql, du

to natural characteristics of acut@eneeds how to utilize data to support the framework

process is the key. This section discusses the framework of utilizdtata to support

QI in detail The section support hypothesis 2 of the thesiEh at t he fr amewor
supported by knowledge obtained from analysis of high frequency physiological data in

rea-t i me 0O
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PaMa

CRISP-DM
CRISP-TDM
Extended Outcomes Evaluation
SPO
Size of unit Patient Patient Various clinical
(Environment) Perspectives: indicators
Bed space (Patientés
Total number of |satisfaction and Patientsd
patientsin a clinical satisfaction
designed area indicators)
Staff-patient ratio | Staff Staff Roles Staff satisfaction
Staff Roles (# and|perspectives:
type) (Roles and
satisfaction)
Activities Activities Activities
Information Information Information system and
Technology Technology Information Technology
Medical Medical Medial Equipment
Equipment Equipment
Policy Drug using Drug Using
Guideline and Guidelines Guidelines
protocol

Figure 53: Integration of the CRISPM and the extended SPOE to support QI framework
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Figure 53 presents the new concept of the integration of the GRIgHAnodel and the
extended SPOE model together to support QI, with a pktidacus on how CRISP
TDM will support QI framework to enhance clinical process improvement. The literature
review section of this thesis has previously introduced the GRIRnethodology and

its recent application and success in healthcare field. ihatkfthe six phases of the
CRISRTDM model including business understanding, data understanding, data
preparation, modeling, evaluation, and deployment (Chapman, et al, 2001). Fgure 5
illustrates a supportive relationship between the CRI&P and the exended SPOE
model thatis applicable in the QI framework. As other researchers have not previously
explored such supportive relationship, this new concept creates the unique contribution of
the thesis. Discussion of the relationship between the CRMRnd the SPOE model is
explored in the remainder of this section.

Business Understanding:

The primary purpose of the business understanding phase in the -ORISP
model involves the identification of goals and objectives for the area that will be
investigatel and accomplished. To apply the business understanding phase in the QI
framework, as illustrated in the figure2; the direction of the SPOE model movement
presents a causgfect relationship within the QI framework, which indicates the
organizational sucture obviously directly affects patient journey and clinical outcomes;
however, this one way causéfect relationship failed in providing information about
how and what kind of desired outcomes require structure to be designed in order to
support itsgoals. From the business points of review, the expected outcomes demand the

QI structure to support and process its requirement to reach the goals, thus the subtasks of
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in the business understanding phase has been used to support both the structure (S) and
the outcomes (O) process in the SPOE model as presented in figure 5

Data Understanding and Modeling Understanding:

The data understanding and aeting understanding of the CRR®M phases aim to
understand characteristics of data, describe the a&chulataset, data exploration to
ensure the quality of data for mining, select a data mining model to process data, and to
prepare dataset that will be used for data analysis. A data miner then looks for
relationships between a predictor and desired outsoméhis thesis, as illustrated the

figure 53 diagram, the data understanding and model understanding phases both fall in
the process component of Ql. As the ia&rtion for the QI is a CDSS, mhust receive

data as input and output the resultstfoe CDSS. To successfully implement the I,
mechanism to feed the data to the CDSS must be created that can occur duringdhe day
day function of caring for patients during their patient journey.

Evaluation:

The evaluation phase in the CRI®S® model involves assessment of the data mining
reaults for accuracy and generalizability the initial business goals; it also assesses and
determines the degree of the CRIBM model in meeting businesdjectives. In the
redesignedSPOE model, the evaluatigthase aims to evaluate whether the clinical
outcomes and the effectiveness of the CDSS in the QI framework are reached.

5.2.3 The CRISRPDM specialised tasks to support QI framework in details
The background section of this thesis has previously intemtitiee successful application

of CRISRDM application in an acute cad®omain when used to discover new knowledge
for new pathophysiological indicators for earlier onset detection of certain conditions and

the previous section discussed the relationshipvden SPOE model and extended
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CRISRDM. This section will detail how the extended CRIBM known as CRISP
TDM gives step by step elements to enable the implementation of the CDSS within the
clinical setting in support of Ql. The summary of elements to mecd in each step is

presented in figure-8.
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Specialized tasks of the extended CRI3 support QI framework in detail:

1. dinical application domain

2. Case condition .
3. High dependency environment O ;53;0:306\'1 g;is(')r;gpde?sd
* megtg%agglz@: ¢ { AES SN TN &5 I 3: real-time data supported
- Jectiv Understand S -
6. dinical success criteria 4 T // Dal.tal \ 4.Diatributed data collection supported
7. Quality imprO\éement go:lls _— Ve % CSrLINGRHG X
s Data Format
HIMS
\ Satic datat
\ / Lab System
\

\ !‘
1. Change dlinical process based on \‘
evident practice and cultural ‘

| 1. Data set
difference 2. Dataresource
2. Efectively support clinical CRISP Phase 3: Data 3.Dataform
decision making by utilizing real- Phase 6: Methodol ogy Preparation 4. Additional data
time physiological data Deployment i 5. Integrate data
3. QI can be supported by real- Pe QI PI'OJ ect
time physiological in NICU
4. The Artemis system has capacity |
to support clinical decision making ”‘
in different cultural settings I
5. PaMamodel contributesto QI |
inNIQU \

1. DM Technique

2. DM Assumptions

3. Parameter Settings
4.Model Assessment (DM)
5. §ystem Integration

1. Assessment of process mining
2. Test application of DM result in
real application

—
3. Assess DM result in respect ) )
business success criteria Phase 5: Evaluation

4.Compare evaluation result and
interpretation
4.Conclusion

Phase 4: Modeling

1. Incorporating clinical
knowledge into DM process
2. Incorporating patient
contextual knowledge into
DM process

Incorporating
Knowledge

Figure 54: CRISRTDM as extended to support QI framework
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Phase one of CRISEOM: Business Understanding
In this particular research, as it is a framework, the expected outcomes have to be taken
into consideration when determining business understanding as it is part of business
goals. Thus, the business undanst phases including structure and outcomes

U Clinical application domain

U Case condition

U High dependency environment

U Patient population base

U Clinical objective

U Clinical success criteria

U Quality improvement goals

i CDSS goals
Phases two, three, and four of CRP-DM: data understanding and data modeling in
supporting the QI process
The data understanding phase of CRIB® aims to understand and prepare dataset to be
used for quality improvement. Careful analysis of existing data and selection of data for
QI are the key process to ensure QI support. The primary focus of this thesiaseg
existing patient data obtained from the CDSS in-tiea¢ therefore the activities in data
preparation and data modeling in phases three and four respectively are very similar to
those described in the previous section.
Phase five of CRISHDM: Evaluation to support clinical outcomes and CDSS:
Within the evaluation phase in the CRIBRI, in addition to evaluate the model, there is
also an option to test the model in the real world if time permits (Chapman, et al, 2000).

For the purpose of creagna conceptual QI framework supported by the CDSS, this
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thesis assumes to implement the CDSS in clinical settings to expan@RISPDM
context in more broadinical areas, therefore evaluation phases will be focusing on
1 Testing expected clinical outcem in real clinical settings

1 Assess DM with resultsvith r e s pect to the organizat.i

criteria

1 Pre-intervention and postintervention result comparison and outcomes

evaluation

1 Through a reattime analysis of physiological stream date to test whether or the

framework have positive impact on increasing clinical process

1 Prove that QI can be supported by utilizing riate physiological data

5.2.4 The Using of PaJMa model topresent clinical process to support QI
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Figure 55: Clinical Process Presentation in the PaJMa Model
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Figure 55 presents a clinical process in the PaJMa model. The PaJMa model has been
briefly introduced in the background sectidAs the purpose of this thesis is to design a
framework to improve clinical process and enhance clinical practice, therefore within the
process of QI, the PaJMa plays a key role in intuitively presenting how the clinical
process will be improved based evidence based practiead/or clinical guidelines that
supports patiententric care. New technology will be used to increase efficacy by
reducing waiting time, it will also demonstrate how patient centric care will be identified

t o ensur e typas wdll asrdisptaying sdivideal professional roles and activities

involved in neonatal care and their contribution.

5.3 Method of evaluation of clinical outcomes and the CDSS
Chapter two has reviewed different evaluation methods used for evaluai@p®s in

various research studies, including a randomized coedrottial, nonrandomized
controlled trial, a quasiexperimental timeseries design, and questionnaire. The section
describes an evaluation method used to evaluate the clinical outcontbs &12SS.

A before and after research method was antseneasure the clinical outcomes and the

effectiveness of the CDSS in thie#is as presented in figuress
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‘ Before | Intervention After ‘
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Figure 56: Evaluation of the CDSS

The before and aftestudy has its advantages in measuring changes in a phenomenon,
situati on, and attitude as it i's fHarost arfr
ef fectivenes®umarf200p. P5). & gampanson between pre and post
intervention will be mde to measure the expected clinical outcomes and determine
whether the CDSS support QI, which clinical indicators will be used to evaluate the
effectiveness of the CDSS, clinical eéftivenesspatient satisfaction, quality of service,
and efficiency of s&ice delivered. This section demonstetgpothesis 3 and 5 of the
thesis

AThe framework can bendemadnptrroxteesd ti onp g
andiThe clinical deci sion support system c
maki ngo

5.4 Summary of the Proposed QI Framework
This chapter has addressed research hypotheses one and two where the clinical context is

added in the existing CRISPM framework to extend CRISPM capacity in the area of
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QI. The proposed framework brings together with ¢bacept of quality improvement,
clinical management, and clinical research in an environment that will quality of care will
be improved by implementing the CDSS which has been demonstrated its capacities in
analysis of reatime physiological data alongith an explanation of how the PaJMa
model can be integrated with the CRIBM to contribute to QI provide patient centric

care.
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Chapter 6: A Case Study Demonstration
6.1 Introduction
Chepter 5 described the QI framework desidirectly addressing the research questions

introduced in chapter 1. In this chapter, a case study is presented to demonstrate the
designed framework for QI and ttemonstrate how the evaluation of 6®SSwould

occur what within the context ofhe crosscultural setting. This chapter supports
hypotheses 3, 4, and 5 of the thesis:

3. The framework can be demonstrated to support clinical process improvement

4. The framework can be demonstrated with the healthcare setting where clinical
practice is routinelytaking place in different cultural settings

5. Theframework can be used to support the measurement of the effectiveness of the
clinical decision support systerto support clinical decisiomaking and improve
healthcare outcomes

This chapter also demonates thesuccessful integration of the extended SPOE model,
the CRISPDM model and the PaJMa model togethén facilitate withutilization of
reattime data in improving clinical processes and enhance clinician performance for QI
through the case study

As detailed in chapter 1, the objectives of this constructed framework inessising
clinicians in adaptingo the modernhigh tech clinical environmentnaximizing the
utilization of available realime data to assiswith clinical decisioamaking; improve

routine clinical practice supported by the CD@8d implementation ofhe CDSSto
promote better quality of care and clinical outcomes throughout thes emwnatal

journey in the NICU. Te designed framework is a new innovation in the NICU field
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The remainder of this chapter is structured as follows: Section 6.2 introduces the clinical
problem; Section 6.3 introduces the current NICU clinical practice process in Canada and
China; the entire framework is presented in 6.4 through a case studyg bas

demonstration of late onset of neonatal sepsis in NICUs in Canada and China; and 6.5

provides a discussion of this framework to conclude the chapter.

6.2 Clinical Problem
Hospital associated infection such as neonatal sepsis has a high prevaltrecdoim

birth weight and premature infant population (Canadian Paediatric Society, 2007).
Clinical statistics have indicated that neonatal sepsis has been considered a major cause of
neonatal mortality and morbidity in the neonatal population (Canadidid®ac Society,
2007).The nmajority of neonates who are admitted in the NICU have developed complex
conditions, thus they require close monitoring prevent critical complications.nl
addition to complex medical status,e o nat e s 6 exprasa thir fedlings; ragido
changes in their conditioand disease development makes their cases difficilt for
clinicians to make the best clinical decisions in regards to establishing the most
appropriate treatment plan togpnote optimal clinical outcomesis a consequence of
above circumstanceslinicians must rely on diagnostic tests to support teaision of
treatments

6.2.1 Clinical decision making issues in regards to diagnosis of late onset sepsis
Clinically, neonatal sepsis is categorized aslyeamnset and late onset sepsis, In

accordance with onset of clinical signs and sympt¢@anadian Paediatric Society,
2007) Of those diagnosed with eadyset sepsis, 85 W 90%of neonates have clinical
signs and symptoms occurring in the first 24 dsoaf life, 5 %-10 % of them have

clinical signs and symptoms pesg at 2448 hours after birth, and a small group of
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neonates have clinical signs and symptoms occurring Hi248ours of their life
(Anderson, Berry, Belling, & Ohning, 2012). Lateonset sepsis presents itself
approximately at 4 to 90 days of life and is mostly acquired from the surrounding
healthcare environment (Anderson, et al, 2012).

To date, e diagnosis, prediction and confirmation of neonatal sepsismains a
significant challeng for cliniciansthat may delay clinical decision making about the
treatment plan. Clinically, the characteristics of the developmenteohatal sepsis
include rapid progression but subtle initial clinicalggs and symptoms such as,
instability of tempeaiture, tachycardia, poor peripheral perfusion, and respiratory distress
(Anderson, et al, 2012). These descrilmanptoms are too gerarto detect underlying
causes (Anderson, et al, 2012).dther words, all these symptoms are not significant
indicatorsto identify a specific disease, which increase the difficulty of confagrtie
clinical diagnosis thus delaglaming of care andtreatment (Anderson, et al, 2012).
Although here are manadvanced diagnostic tedtsat have played important roles in
diagnosing and confiration of neonatal sepsis, include the usindpiofogical markers

for neonatal sepsis identiition and diagnosisome of these tests hatre disadvantage

of: low sensitivity and spaficity in early confirmation; they are expensivenavailable

in routine practie; and invasive to body systdiitmanovitz, 2008) Thereforejn many
cases, clinicians are unable to rely on test reports to assist their deceony.

In a cinical setting, if an infant is suspected to haverdaction; the infant should be
assessed and treated immediately following a prompt full diagnostic evaluation. Any
delay in diagnosis of such a condition between gaps of presentation of clinical signs and
being treated will increase risks of poor outcomes prwhnosis, thus negatively

i mpacting the neonat sm@isanduareaseilength obstay, tostf e
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and resources (e.g. number of days requiring the use of antibiotics) (Andersan, et al
2012). Studies indicate earbnset sepsis imostly caused by mothers and preventive
strategies have been place to prevent developmaitearly sepsis for those infants who

are gestation greater than 35 weeks and at high risk of developing sepsis (Canadian
Paediatric Society, 2007); however, recoemdation and strategies fpreventing and
predicting lateonset of sepsis ithe neonatalpopulation need more attenti¢gG@anadian
Paediatric Society, 2007). There are many reasons contributing to the diffremty in
diagnosing lateonset sepsis i@ timely manner. One of them is due to the lack of an
effective clinical decision support systentlire NICU to assist clinicians to monitor risky
infants routinely, also to facilitate them to understand, interpret, and utilize data from
medial monitorsn a timely manner. In such circumstance, the implementation of the
CDSS to effectively support clinc i a n s émakirg das signidicant clinical meaning

to prove invaluablén theeffort of caring forseptic neonates to improve quality of eais

well as clinical outcomes. Ais frameworkmakesrecommendtions for clinicians to

utilize available data obtained frothe medical devices to make positive prediction and
speedup thedecision making proceds improve clinical process to ensure the quality of
care they provide.

6.2.2 The potential of using of high technology to support clinical decision -making
The case study demonstration illustrates

establishing a quality improvement initiative fonderstandingeaktime physiological
data acquired from medical monitors, paging early detection of latenset sepsis, and
assist clinical decisiemaking to improve clinical practice supported by the CDSfe
onset neonatal sepsis is an ideal condition to derstrate routine clinical process

improvement by utilizing reaime physiological data to support clinical decision
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making. The framewt allows clinicians to initiateearly clinical assessment, full
diagnostic evaluation, update plan of care, and take @adrvention to deal with a
complex medical condition, as well as improve awareness by the clinical team for
reduced risk for disease development thus to improve clinical outcomes and quality of
care through a method of changing process of caring, toia®l.

This case study demonstrates the following research hypothesis:

3. The framework can be demonstrated to support clinical process improvement

4. The framework can be demonstrated with the healthcare setting where clinical

practice is routinelytaken place in different cultural settings
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6.3 Current NICU Clinical Practical Processes Presentation
The dinical processsin Canada and China are similar to each othdgheg both follow

the internatioal guidelines; however, there aséight difference because oflifferent
cultural backgroundand clinical practice model used in different setinthe individual
clinical practical process in Canada and China will be presented in PaJMa model.

6.3.1 NICU Clinical Process in Canada

AD = _© - i
PATIENT (71 A A A 13 DT 9
MOVEMENT Baby LV {V (7 W 9% W (V
Carers Baby Carers Baby  Carers BbY Carers Bby  Carers Baby  carers
o @ o)
(e | G0 ¥ &0 %o WG
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Neonatologist Nurse Nurse Neonatologist Lab technican NUTSe NeoanIoglsNurse Nurse
Ongoing monitor, Order lab work _
PROCESSES abnormal vital sign Initial antibiotic for tThemB':gamakeslab test for Yes, lab result No,:ab ::m"
. cted e Baby " confirmed no
Initial assessment — > S_:;‘;Zi:ggp'ss’) R EED Nurse start IV antibiotics SITEESED sepsis
Report to | treatment
| [ 1
INFORMATION | Y Continue
‘eatment fi antibiotics Sop antibiotics
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MOVEMENT Data diagnosis, HR RR IRW,
i P02, EG
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TECHNOLOGY
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Paper ) Paper
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Hospital policies Qinical Protocol
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Measurement e ] [wwe ] [ v

Figure6-1: NICU Clinical Practice Process in Canauhal in China
Figure 61 presents the journey of current cl i

clinical guidelines and technology are currently using ima@a and in Cha in the
PaJMa model. In The Hospital for Sick Children in Toronto, cliniciansinisenational
evidencebased practice guidelisand protocols to guide their clinical process: in step 1,

a baby is admitted ithe NICU for medical reasons and care needs other than a septic
condition; a neonatologist and a NICU nurse conduct their initial assessment and
document it in theEHR (highlighted in greenislcolor). the baby is connected with

medical devices to monitor highvital signs which their physiological data incluglin
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ECG with HR, RR, BP, IRWSpG; together with the derived pulse rate will be detected
for monitoring the babydés condition. The b
continue monitoring the bgbwhile he/she is receiving the initial treatment in the entire
journey of being treated in the NICU; the baby will discharged from the NICU from

The Hospital for SiclkChildrenafter the completion of treatment and he/she aslically

stable. However, tep 2 shows that if any abnormal signs and symptoms of septic
infection occur during the treatment period, the nurses report it to the neonatologist for
further investigation. The neonatologist will assess and investigate in more depth to see
whether the ocurrence of abnormal vitals sign are caused byrasponse to treatment

or the infantis developing a new condition such as sepdishe baby is expected to
develop a newcondiion, he/she will have more laboratory tests to go through and will

receiveantibiotics treatment is suspicious with sepsis. The normatdédryturn-around

time is about 2 to 4 days, the laboratoryt e s t confirms fAyes, pos
indicate sepsiso, anti bi ot i c sthetlabazadwrytexe nt wi
confirms i no, negati ve bl ood cul tureo, t hen t

immediately. There are two problems in such clinical process: delayed detection of septic
infection until clinical symptomatic appearance and longiatory turn-around time
which delays the clinical diagnosis thus delay the treatment initiation

6.3.2 NICU Clinical Process in China
Figure 6lalsopr esents the journey of current cl i

in the process of caring a neonate, andiadl guidelines and technologyre currently
using in China At this stage, the clinical processestinh e  C h Hdspital ef F@dan
University in Shanghai, China are similar to thos€anada because they both follow the

international evidenebasedpractice guideling and protocols: in step 1, a baby is
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admitted in NICU for medical reasons and care needs other than a septic condition; a
neonatologist and a NICU nurse conduct their initial assessment and document the base
line information in a paperhart. A siquificant difference between The Hospital for Sick
Childrenand t he Chi | dr e nJdigersity ars lpighligraeld in cefl colbrund a n
the figure l:instead of documenting in the EHR time NICU in The Hospital forSick

Children paper formadocumentation is currently used in China which clinicians have to
manually readhe physiological data from medical devices and write in a paper chart
hourly. In step 2, the baby is connected with medical devices to endng/her vital

signs. A green ighlight indicates that only ylse rate and blood oxygen have been
monitored in China while the infant is being treated with the admission diagnosis after
treatment plan is completed. The NICU nurses continue to monitor the baby while they
are receivinghe initial treatment in the step 2; the baby will be discharged from NICU
after the completion of treatment and he/she is medically stable. However, step 3 shows
that if any abnormal signs and symptoms of septic infection occur during the treatment
period the nurses report it to the neonatologist for further investigation. The
neonatologistwill then conduct further investigation to determine hietoccurrence of
abnormal vitakigns is caused by naesponse to treatment or if the infamideveloping

a new condition such as sepsif the baby is expected to develop a new medical
condition, he/she will have more laboratory tests to go through and will receive
antibiotics treatment is he/she is expectiegaloping sepsis. The nornmlaboratoryturn-

arourd time is about 2 to 4 days, tfie laboratoryt e st confirms fAyes,
cul ture indicate sepsiso, anti bi otthe s tre
laboratorytestconfirmsfi n o , negative blood cul tuwilleo, th

stop immediately. There are two problems in such clinical process: detection of septic
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infection is delayed until the appearance of clinical symptoms followed by long
laboratoryturn-around time which in turdelays theclinical diagnosis thus delaygnthe
treatment initiative.

6.4 Framework Demonstration
In this section, the designed framework will be demonstrated through the impleiment

the CDSS to improvéhe clinical process (highlight in figure-@) in the NICU settings
where this research isipermed. This addressed hypothesis of 5 in this research:

5. The clinical decision support system can effectively support clinical decision making
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6.4.1 The SPOE model to Improve Clinical Process
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Figure 62: SPOE model in case study
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6.4.2 The CRISPDM model integration in the SPOE process
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Figure 63: CRISRDM integrate with the SPOE model in case study
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In this framework, phase one, two, tbyeand four of CRISIPM are presented and
described in details in the chapter 5.2, in addition to the clinical context is also added and
addressed in phase one. This section focuses on phase five and six in which the utilization
and analysis of physiologit data are contained within CRIEMM through the case
study of this research to demonstrate how changes in clinical process to support clinical
decision making contribute to early intervention to ioye quality of care in NICU using
the late onset neonatal sepsis case and its representation within an updated PaJMa.

6.4.2.1 CRISFDM Business Understanding in the Clinical Process
The purposes of the CRISPM business understanding phase in this research are to:

identify overall busines objectives, determine business goals, implement the designed
framework in clinical settings, investigate whether the framework will contribute to
quality improvement in NICU, and evaluate the effectiveridshe CDSS In the other
words, the bsiness uderstanding phase ithe stage of setting goals to investigate
whether the CDSS effectively support the clinical decision making, has impacts on
changing clinical process and clinical outcomes, increasing efficacy, and improve quality
of care. Thereforehe componentsf the research context in the business understanding
phase are:
1 Clinical application domainsthere are two crossultural collaborative NICUs

where this research is preformed: The Hospital for Sick Children in Toronto and

t he Ch Hdspital efrFddarUniversity, Shanghai, China. Thidospital for

Sick Children & a level 1ll neonatal care unit with theost advanced medical

devices and highly trained professional t o moni t or neonates.

Hospital of FudanUniversity is oneo f the Dbiggestswithhi |l dr e

advanced medical equipment in China
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