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Scale

Coronary angiography

Coronary artery

bypass graft

Equality n., pl. —ties.

Equity n., pl. —ties.

Expected (or ‘correct’)
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The build-up of plaque from accumulated cholesterol, fatty acids,
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flow of blood. The plaques can split, erode or break off and lead to
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A ranking system from 1 — 5 used in Australasian EDs to indicate

urgency of a patient’s need for medical and nursing care.?
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assessed patient’s level of urgency as determined by objective
clinical and physiological indicators. The decision optimises access
time to medical and nursing attention in relation to other waiting
patients who have more, less or similarly urgent their needs.*
Refers to the social and psychological attributes used to categorise
as masculine, feminine or androgynous. They are culturally-
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biologically determined, but culturally and socially defined.>
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(myocardial)

Ischaemia

(myocardial)

Necrosis

Over-triage

Percutaneous

coronary intervention

Sex

Commonly referred to as a ‘heart attack’; it is permanent heart
muscle cell damage due to absent or decreased blood flow to an
area of the heart. There are numerous types of myocardial
infarction, with the most common type and that which will be
concentrated upon in this thesis being ‘spontaneous’ (acute)

myocardial infarction (Type 1) (Appendix A).°

The reduction of oxygen supply to myocardial (heart) cells
secondary to reduced blood flow, which usually leads to pain or

pressure in the chest or other symptoms suggestive of ischaemia.

A response to ischaemia leading to cellular swelling, loss of
intracellular organelles, membrane rupture and calcium overload

resulting in an inflammatory response and permanent changes.

A type of ‘incorrect triage’ that occurs when a patient receives a
triage score allocation higher than their level of urgency as
determined by defined objective clinical and physiological
indicators. Increased risk is due to the likelihood of their being

treated ahead of patients with higher clinical urgency as a result.

A method of reperfusion by which a catheter is inserted through the
skin (‘percutaneously’) and angioplasty is undertaken whereby a
balloon is inflated to push open a blocked coronary blood vessel. A

stent may be inserted to maintain blood vessel patency.

Refers to the biological characteristics by which humans are
categorised as male or female (or rarely hermaphrodite), man and

woman, men and women, and boys and girls.”
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Socio-Economic

Indexes for Areas

Stent

Triage

Triage nurse

Triage system

Under-triage

Urgency (triage)

Assigned nationally, it is a numeric means of ranking a patient’s
socioeconomic status, based on their usual reported area of
residence.? It is based on a number of measures and is a means of
summarising people from within an area and not a person or an

individual dwelling from within that area.!

A scaffold-like device placed inside an artery to prevent closure.

A formal process of ‘sorting’ patients into level of clinical urgency to
ensure optimal timing of care commensurate with clinical needs.
Primary decisions pertain to establishment of a patient’s chief
complaint and allocation of an urgency rating. Secondary decisions
are made at triage to expedite commencement of care and patient

disposition.* ‘Triage’ in this thesis relates to primary decisions.

In Australia, the triage role is undertaken by an ED nurse who has
specialised knowledge and experience with a wide range of
ilinesses, injuries and healthcare processes. The triage nurse works
in a complex environment in conditions limited by time and usually

without prior medical diagnoses.*

The process by which a clinician, which in Australia is usually a triage

nurse assesses a patient and allocates their level of clinical urgency.*

A type of ‘incorrect triage’ that occurs when a patient receives a
triage score allocation lower than their level of urgency as
determined by defined objective clinical and physiological
indicators. Risk is due to the likelihood of their receiving delayed

management behind patients with lower levels of clinical urgency.*

The status defined by the patient’s clinical condition, which is

independent of illness or injury severity or complexity.*
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Abstract

Introduction

Coronary heart disease (CHD) is the world’s leading killer of men and women. Mortality
rates have improved over recent decades, however reductions in women’s deaths have
failed to keep pace with men’s. Heart attack (acute myocardial infarction, AMI) fits within a
continuum of CHD known as acute coronary syndrome (ACS). Under-assessment and under-
treatment of women’s AMI compared to men’s have been blamed for some of the disparity.
Death and disability due to AMI is preventable with timely access to reperfusion therapy,
making it one of the most critical conditions managed in the emergency department (ED)
and inhospital systems. There is a paucity of literature available specific to women’s ED and
inhospital care of ACS and AMI, particularly in Australia, however international research
reveals women sometimes fail to receive equitable access to evidence based care compared

to their male counterparts, potentially compromising health outcomes.

Aims
The overall aims of this research were to examine and describe ED triage score allocation
and treatment onset patterns in relation to patient sex and other demographic factors, in

addition to inhospital access to reperfusion treatment and mortality for women with ACS

and AMl in Victorian public hospitals.

Methods

A programme of research was completed to address the study aims and research objectives.
After completing review of the literature, a series of discrete retrospective quantitative
analyses were undertaken on data extracted from the State Government of Victoria’s
Victorian Emergency Minimum Dataset (VEMD) and the Victorian Admitted Episodes Dataset
(VAED) for adult (18 — 85 year old) patients admitted to public hospitals for ACS and AMI.
Statistical procedures used included descriptive and non-parametric tests, in addition to

regression tree method. Key aspects of patient care were investigated from the point of ED
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triage, via access to timely ED management, implementation of inhospital reperfusion

treatment and discharge, with the primary measured outcome being inhospital death.

Results

The literature review identified women with AMI were often challenging for ED nurses to
triage accurately due to their gender, older average age and tendency to experience more
atypical symptoms. This was found to be consistent with triage practice for patients with

AMI in Victoria using VEMD data (p < 0.001).

Regression tree analysis uncovered a number of connected variables including patient sex,
arrival by ambulance, ability to speak English and patient regional or metropolitan address,
which, in addition to assigned triage score, had significant impact upon time taken to

commence treatment of patients with AMI in EDs.

Analysis of VAED data for management of AMI and equity of outcomes from the disease
indicated younger and older women (age split at 65 years) received less evidence-based
reperfusion treatment (p < 0.001) and had proportionately higher inhospital mortality rates
than equivalently aged men (p < 0.001) admitted to Victorian public hospitals for ST-segment

elevation myocardial infarction (STEMI).

Conclusion

This programme of research enhances knowledge of ED triage and inhospital practice
around timeliness and access to treatment for ACS and AMI in an Australian population.
Research identified sex-related differences in triage, treatment and outcomes, depicting
important differences which may result in sex-based bias in assessment and management of
women’s heart disease. The identified disparities in women’s timeliness to treatment onset
and access to reperfusion treatment, with concurrent higher mortality rates are of concern
and warrant further investigation. These variations in care can be improved, in particular
through the use of interventional research. The findings will be incorporated into the

Candidate’s post-doctoral research, to be undertaken to reduce the identified practice gaps.
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Chapter 1

Overview and introduction to the thesis

e Overview of and introduction to the thesis

Chapter 1 e Coronary heart disease and acute coronary syndromes; the
right to equity, understanding the pathophysiology and
Introduction symptomatology, and the importance of early treatment

e Research rationale, aims, objectives and questions

\ e Research methods overview and outline

1.1 Overview

The purpose of this chapter is to situate the programme of research within the context of
what is understood about coronary heart disease, particularly the time-sensitive nature of
the acute coronary syndrome (ACS) continuum of disease. It is used to provide an overview
of the epidemiology and pathophysiology of ACS, differences in ACS related to patient sex,
how research and our understanding of the syndrome has evolved, the role of the
emergency department (ED) and the ED triage nurse, the application of evidence based

treatment, and morbidity and mortality outcomes.

The first chapter will be used to introduce the layout and background of the thesis, opening
with the basic human right to equity, before focusing on why it is vital to act on cardiac
ischaemia and infarction with the greatest of urgency and why therefore, it is incumbent
upon emergency nurses to ensure that through their expert assessment, the early diagnosis
and management of women’s heart disease is enabled. It will utilise knowledge of women’s
ACS management in other areas of healthcare to identify gaps in the literature on ED issues.
The chapter will conclude with the research aims, objectives, overall design and methods,

and an outline of the research programme.
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1.2 Introduction to the thesis subject

Australian healthcare has a universally accessible system at its core. It provides free or
significantly subsidised healthcare to all Australian citizens, most residents and, depending
upon reciprocal agreements with other countries, some overseas visitors (Biggs, 2003). The
system is called ‘Medicare’ and “all Australian” is the key phrase in Bigg’s parliamentary
briefing paper from 10 years ago. In providing free hospital services for public patients in
public hospitals via Australian Health Care Agreements with the states and territories, the
onus is on healthcare professionals and the systems within which they operate to ensure what
they are providing is evidence-based care equally available to all. A central tenet of the
Australian Government’s National Health System Performance Framework for an effective
healthcare system relates to equity of service access (Australian Institute of Health and

Welfare (AIHW), 2012a).

The World Health Organization (WHO) defines health inequities as; “avoidable [WHO added
emphasis] inequalities in health between groups of people within countries and between
countries” (WHO, 2008: p. 1). At its most basic level, inequity in healthcare is described in
WHO documentation as, just “unfair” (Whitehead & Dahlgren, 2006: p. 3). Equity within
healthcare is an essential component of societal equity (Whitehead & Dahlgren, 2006; WHO,
2007). Health equity is a fundamental human right (WHO 1948, cited in Nygren-Krug, 2008),
however, it has been repeatedly demonstrated that inequity does exist in Australian
healthcare; negatively affecting groups such as Indigenous Australians, rural Australians and
those from lower socioeconomic groups generally (AIHW, 2012a; Stratigos, 2010). Amongst
many other groups listed as experiencing social disadvantage and marginalisation, the WHO
report (2007) makes a special point of mentioning women and the effect health care inequity

has on this group’s health outcomes.

It is difficult to imagine health inequity which disadvantages women could exist in
contemporary Australian healthcare, where Medicare has operated since 1975 (initially
known as ‘Medibank’) (Biggs, 2003) and women have been allowed to vote for over a century
(and for the past half-century for Australian Aboriginal women and men) (Australian Electoral
Commission (AEC), 2011). Despite the perceived improbability, unequal access to inhospital

management for cardiovascular disease has been documented for Australian women (AIHW,
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2010; Roe et al., 2013). Although any disparity is likely to be related to lack of awareness,
rather than malice on behalf of the healthcare providers (Mosca et al., 2005), it is important
to determine whether inequitable conditions related to patient sex exist at all points of
cardiovascular care, which will enable them to be addressed to ensure care is provided with

fairness and equity.

The cardiovascular diseases (CVDs) are the leading killers of both sexes worldwide (WHO,
2011), including in Australia (AIHW, 2012a). Together, the CVDs, which are predominantly
ischaemic heart disease (IHD) and stroke, account for 31 percent of all deaths globally (WHO,
2011). To put this into perspective; combined communicable (including HIV/AIDS, malaria and
tuberculosis), maternal, perinatal and nutritional conditions account for 27 percent of annual

worldwide deaths (WHO, 2011).

Approximately 80 percent of these deaths occur in low and middle-income countries (WHO,
2008), however, the figures in Australia also paint a bleak picture: CVD kills one Australian
nearly every 10 minutes (AIHW, 2008); it affects more than 3.4 million Australians and claimed
nearly 46,100 Australian lives in 2009 (AIHW, 2012a). This was 34 percent of all Australian
deaths in the most current figures (AIHW, 2012a). CVD is much more common in the elderly
(AIHW, 2012a), and was estimated to affect about 1.6 million males and 1.8 million females in
Australia in 2007-08 (Australian Bureau of Statistics (ABS), 2009). The age-standardised CVD
death rates were much higher for males than females however. In 2009, age-standardised
death rates were calculated to be 215 per 100,000 for males compared to 156 per 100,000 for
females (AIHW, 2012a). In terms of cost, more is spent on CVD in Australia than for any other
disease. Records show that at $7.9 billion in 2009, this was 11 percent of the $74.2 billion

allocated for recurrent annual health spending by the Australian government (AIHW, 2012a).

Coronary heart disease (CHD), which is synonymous with IHD, accounts for more than half of
the annual CVD mortality rate, both in developed and developing countries alike (AIHW,
2012a; WHO, 2011). Of the 17.5 million annual worldwide deaths from CVD, CHD kills 7.6
million and stroke causes 5.7 million deaths, and approximately 9 million of the total CVD
deaths are women (WHO, 2008). Despite the high numbers, improvement in mortality rates
for CHD over the last three decades have been remarkable (WHQO, 2011). Yet, it has been well

documented that improved mortality rates have been inequitable in a number of respects;
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women’s rates of reduction have failed to keep pace with men’s (Bairey Merz, 2006;

Blomkalns et al., 2005; Gulati et al., 2012; Pepine, 2006; WHO, 2004).

CHD is a group of diseases that are classified together because of their common aetiology.

The diseases are those where the coronary arteries are primarily affected, usually due to

accumulated atherosclerotic plaques (atheroma) in the arterial walls (AIHW, 2010). CHD can

broadly be divided into the chronic conditions including stable angina pectoris (SAP), which

are generally managed on an outpatient basis, and acute coronary syndrome (ACS) (Figure

1.1), which constitute the acute and most urgent form of the disease.

Figure 1.1. Classificatory relationship of the coronary heart diseases

Coronary (ischaemic) heart disease

Acute coronary syndrome

Non-ST-elevation ACS

v

Aborted Ml

NSTEMI
Stable angina pectoris Unstable angina pectoris

Disease severity increases from left to right

v

ST-elevation Ml (or LBBB)

LBBB, left bundle branch block; MI, myocardial infarction; NSTEMI, non-ST-segment elevation myocardial

infarction; Non-ST-elevation ACS, non-ST-segment elevation acute coronary syndrome; ST-elevation Ml, ST-

segment elevation myocardial infarction

When compared to men with CHD, women have been shown to experience inequity in

provision of treatment at multiple points in their trajectories of healthcare (Gulati et al., 2012;

Pepine, 2006). Research has shown that in contrast to men, women with CHD tend to be:

Prescribed less medications (Jneid et al., 2008; Johnston et al., 2011; Redberg, 2006; Ridker et
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al., 2005; Rosenfeld, 2006); admitted to hospital less often (AIHW, 2012a); receive less
diagnostic tests and procedures (Bairey Merz et al., 2006; Wilson & Raveendran, 2008);
discharged from hospital earlier (Kaul et al., 2007); and, referred to cardiac rehabilitation
programmes less often (Allen et al., 2004; Cottin et al., 2004). Examples of inequities have
been reported in European (Alfredsson et al., 2007; Crilly & Bundred, 2005), North American
(Blomkalns et al., 2005), Asian (Srichaiveth et al., 2007) and Australian (AIHW, 2010; Walters
et al., 2008) literature. There is also evidence of gender-based inequity within ED healthcare
provided to patients with CHD in Asia (Srichaiveth et al., 2007), the UK (Capewell et al., 2006),
the USA (Chang et al., 2007) and Canada (Atzema et al., 2009, 2010). Most of the
international research to date has concentrated on ED care provided by physicians or resulting
from ED processes (Khot et al., 2007; Phelan et al., 2009; Takakuwa et al., 2009). With the
exception of several studies from North America (Arslanian-Engoren, 2004, 2005, 2009;
Atzema et al., 2009, 2010), there seems to have been minimal investigation of emergency

nursing care of women with CHD, particularly from the point of patient arrival at triage.

Most patient admissions to hospitals for management of time-sensitive CHD occur via entry
through EDs, making the early assessment and management received in these departments
critical. The first health professionals who patients meet on arrival at EDs are highly skilled
triage nurses, whose role is to sort them into levels of acuity according to defined triage
processes and guidelines. As the first health professionals to evaluate patients with CHD,
triage nurses may influence the speed at which patients with time-critical conditions are able

to access reperfusion therapy.

This doctoral study provides an empirically-based programme of analysis and critique of early
ED assessment and management of the time-sensitive CHDs known collectively as acute
coronary syndrome (ACS). The purpose is to add to the knowledge around issues of access
and timeliness to evidence-based care at the point of entry to public hospitals ED and
subsequent inhospital management and outcomes of ACS in women in Australia’s second
most populous state. It revolves around the understanding that it is critical to ensure
women’s ischaemia and infarction are diagnosed and managed early to optimise patient
outcomes. It provides research-based analytic insight into the triage score allocation and
subsequent treatment onset times for patients with ACS, exploring a number of other

sociodemographic variables’ influence on time to treatment, whilst concentrating on gender-
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related treatment and mortality patterns in Victoria, Australia. The full title of this thesis is
‘Contemporary Issues in Triage and Inhospital Assessment and Management of Women’s
Acute Coronary Syndrome in Victorian Public Hospitals: A Retrospective Study’, and the
research programme is known as; ‘The Diagnose and Manage Early: Women’s Ischaemia and

Infarction study’ or ‘DaME II.’

1.2.1 Global and national importance of cardiovascular and coronary heart disease

CVD is the group of diseases responsible for the greatest number of deaths of all disease
groups annually, for both men and women, in developed and developing countries (WHO,
2011). In Australia, the CVDs make up a substantial number of the top five causes of death
annually for men and women. As shown in Table 1.1, CHD occupies first place for men and
women, and stroke, another type of CVD, occupies second place for women and third place

for men for causing death in Australia (AIHW, 2012a).

Table 1.1. Australia’s five leading causes of death

Disease Total % | Disease Total %

Coronary heart disease 12 047 16.7 | Coronary heart disease 10476 15.3

Lung cancer 4761 6.6 | Stroke 6 706 9.8

Stroke 4514 6.2 | Dementia and Alzheimer’s 5491 8.0
disease

Chronic lower respiratory 3209 4.8 | Lung cancer 3025 4.4

diseases

Prostate cancer 3111 4.3 | Breast cancer 2772 4.1

Total all causes 72 320 68 440

Source: AIHW, 2012a
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The figures listed in Table 1.1 are the most recently available Australian number of deaths and
percentages for each sex for the first five diseases. Whilst these are important data,
comparison of crude rates of death between the sexes can be problematic due to average life
expectancy differences. CHD mortality rates are closely associated with increased patient age.
This means that if more people live longer, a greater number of them will eventually die of
more heart disease (AIHW, 2012a). Australian women live longer on average than do

Australian men (ABS, 2012).

Crude death rates from CHD have decreased markedly over the last decade in Australia
(AIHW, 2012a). At the same time, patient survival has increased. Government data show that
for people aged 40—-90 who had heart attacks in 2009, 63 percent survived, compared with 47
percent in 1997 (AIHW, 2012a). Part of this trend, however, may be due to the increased
diagnosis of milder heart attacks. CHD is more easily diagnosed now than it was historically,
partly due to the increased availability and sensitivity of blood tests such as cardiac troponin
levels (AIHW, 2012a; White & Chew, 2008). The blood assays work equally well in men and
women however, so it is worthwhile looking at the trends of CHD incidence rates over time.
Figure 1.2 illustrates the number of major coronary events among people aged from 40 — 90

years over 12 years.

Figure 1.2. Coronary heart disease incidence rates
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The graph presents an age-standardised number of incidences per 100 000 Australian people,
which includes the number of deaths from CHD and the number of non-fatal hospitalisations
for the disease over time for both sexes (Figure 1.2). It shows the incidence rates for CHD
have reduced for men and women over this timeframe, although the gradient of reduction

appears to have been less pronounced in women.

1.2.2 Pathophysiology of acute coronary syndrome (ACS)

ACS is an umbrella term for a collection of diseases resulting in myocardial injury from
atherosclerotic processes (Leeper et al., 2011) (Figure 1.1). The diseases are spread along a
continuum of myocardial damage due to insufficient oxygen supply (‘hypoxia’) to the
epicardium, which, depending upon the duration of hypoxia, results in ischaemia, infarction
and eventually, irreversible necrosis (Leeper et al., 2011). The grey arrow at the base of
Figure 1.1 illustrates the increased extent of myocardial damage and therefore, severity of
disease as the continuum moves from unstable angina to ST-segment elevation myocardial
infarction (STEMI) or new left bundle branch block (LBBB). Myocardial ischaemia can lead to
myocardial cell injury after as little as 20 — 30 minutes, but it takes several hours for full
thickness myocardial (‘transmural’) necrosis to develop (Bates & Jacobs, 2013). Transmural
necrosis involves all heart muscle layers. Hence, the earlier the myocardium can be
reperfused, the less necrosis develops and the more positive the patients’ prognoses are likely
to be (Gibson et al., 2008). This is what is meant by the phrase; “time is muscle” (Bates &
Jacobs, 2013; Gibson et al., 2004; Scott, 2010) and the reason so much effort has been
expended in reducing time to reperfusion treatment. The umbrella term is known as a
syndrome of disease and includes unstable angina pectoris (UAP) and acute myocardial

infarction (AMI) (Leeper et al., 2011; Siebens et al., 2007).

The currently accepted universal definition of myocardial infarction (Ml) was developed by an
international taskforce led by Thygesen and colleagues in 2007. There are a number of clinical
types of Ml caused by diseases not related to atherosclerosis included in the accepted
definition (Appendix A). Type 2 MI may be caused by ischaemia due to conditions that lead to
increased oxygen demand (e.g. rapid arrhythmias or hyperthyroidism) or reduced oxygen

supply (e.g. circulatory shock, coronary embolism or anaemia) (Thygesen et al., 2007). Others
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may occur during procedures such as coronary artery bypass graft (CABG) surgery (Type 5) or
percutaneous coronary intervention (PCl) (Type 4a), or when stents previously inserted to
maintain patency of coronary arteries become blocked with clots (‘thromboses’), which are
classed as Type 4b Mls (Thygesen et al., 2007). Another form of Ml commonly caused by
atherosclerosis is sudden unexpected cardiac death (Type 3). This occurs when a person goes
into cardiac arrest with symptoms suggestive of myocardial ischaemia or electrocardiographic
(ECG) abnormalities are noted, but death often occurs before blood samples can be obtained

or biomarkers change (Thygesen et al., 2007). Cause is likely to be determined at autopsy.

The Ml classified as ‘Type 1’ (Thygesen et al., 2007), which is a spontaneous acute coronary
syndrome (Chew et al., 2011), is the category of ACS investigated in this thesis. It is the
classification of ‘acute’ M, resulting from atherosclerotic processes and progression can
potentially be averted or reduced through early intervention. It accounts for over 70 percent
of Mls and is caused by partial or complete obstruction of an epicardial coronary artery from
plaques vulnerable to erosion or rupture (White & Chew, 2008). Atherosclerosis leads to
inflammation and damages the internal walls of the coronary arteries (‘lumens’), enabling the
accumulation of material such as cholesterol, lipids and calcium over a prolonged period of
time (Leeper et al., 2011). The coronary arteries may remain patent under resting conditions
and ischaemia might only occur when the myocardium receives insufficient oxygen, such as
during exertion, stress or fever. If a plaque is stable and does not rupture, it can expand into
the lumen until it eventually obstructs flow at rest and leads to unstable angina (Leeper et al.,
2011). Rupture of an unstable plaque activates the intrinsic clotting cascade and a thrombosis
occurs at the site of the plague, which may lead to fixed or intermittent coronary artery
occlusion (Leeper et al., 2011). When the blockage prevents the oxygen supply from meeting
myocardial metabolic demands, ischaemia occurs in the myocardial cells (‘myocytes’), unless

the thrombosis can be reduced or removed and coronary patency regained.

Removal or reduction of offending thromboses and regaining patency of affected coronary
arteries can be achieved through early fibrinolysis or PCI with or without stent insertion, or
balloon angioplasty, and maintained with pharmacotherapy. Early reperfusion can prevent
detectable myocardial cell death (‘myonecrosis’), which is known as “aborted myocardial

infarction” (White & Chew, 2008) (Figure 1.1).
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A description of the ECG changes is beyond the scope of this discussion and the reader is
referred to the universally accepted criteria for AMI provided in Appendix B (Thygesen et al.,

2007).

1.2.3 Sex-related differences in pathophysiology of ACS

The accepted generic pathophysiological understanding of ACS is founded on extensive basic
science (White & Chew, 2008), however, it is increasingly argued that women are biologically
different to men and this leads to variations in pathophysiology and outcomes (Bairey Merz et
al., 2006; Gulati et al., 2012; Shaw et al., 2009). There is growing experimental and clinical
data supporting that sex has an important influence on cardiovascular pathogenesis (Bellasi et
al., 2007), detection of the syndromes (Michos et al., 2006; Vaccarino et al., 2011), and short
and long-term outcomes. Biological differences between men and women are believed to be
responsible for many epidemiological differences between the sexes and need to be
acknowledged in order to build the case as to why women and men cannot be assessed and
treated generically for heart disease (Vaccarino et al., 2013). Data from the National Heart,
Lung, and Blood Institute (USA) instigated Women’s Ischemia Syndrome Evaluation (WISE)

studies have helped propel researcher interest in this area (Pepine, 2006).

Although a thorough discussion of the pathophysiological basis of CHD in women is beyond
the limits of this review, key differences in women’s heart disease from the generic
understanding need to be considered. They can broadly be broken down into the following
biological sub-categories: a) Women’s hormones; b) coronary vasculature; c) response to
chemicals; d) comorbid disease clusters; and e) risk factor variations. All of these factors are
inextricably intertwined and are inseparable from how women experience their heart disease
in a behavioural (gender-related) sense, with frequent reports of anxiety and depression, and
limitations to women’s abilities to perform activities of daily living acknowledged (Olson et al.,
2003; Phillips et al., 2003; Worrall-Carter et al., 2005). Psychosocial factors are thought to
play a large part in the course of CHD (Rozanski et al., 2005; Sinning et al., 2010), with the
phenomenon of apical ballooning known as ‘Tako-Tsubo cardiomyopathy’ linked to stress and
anxiety, and occurring most frequently in older women (Prasad et al., 2008; Summers et al.,

2010). Women’s societal and familial roles play a considerable role in how they react to the
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disease before, during and after the diagnosis of heart disease. Health related quality of life
measures indicate that women are more likely to live with more heart disease related
disability than their male counterparts (Pilote et al., 2007) and this is both physical and

emotional.

Women’s hormones. Until menopause, women appear to be largely protected from CHD
development by endogenous oestrogen levels (Pepine et al., 2006). Part of the problem is the
false sense of safety promulgated amongst women, the wider community and health care
professionals as a result (Papadopoulou & Kaski, 2013; Stramba-Badiale et al., 2006). Women
tend not to consider their risk high enough to warrant risk factor management until it is too
late and their likelihood of developing CHD rapidly equalises after reaching menopause; the
community as a whole does not see this as a significant issue and comparatively little time and
energy is spent raising awareness and helping to manage risks; and health care professionals
are lulled into a false sense of women’s safety and too often send women away after they
have sought appropriate treatment. A group of women interviewed by McSweeney et al.
(2005) described their anger at not having been assessed to be at risk of heart disease despite
numerous visits to clinicians with symptoms until they eventually suffered ACSs, and

therefore, sustained significant myocardial damage and the morbidities associated with them.

A number of diseases such as hypertension in pregnancy, gestational diabetes and polycystic
ovarian syndrome are purely women’s conditions related to sex hormones and increase the
subsequent occurrence of hypertension, diabetes mellitus type 2 (DM2) and obesity in women
(Pepine, 2006). Some inflammatory conditions occur more frequently in women such as
migraines, systemic lupus erythematosus, vasculitis, coronary spasm and Raynaud’s
phenomenon (Pepine et al., 2006; Shaw et al., 2009). These disorders tend to precede
traditional risk factor development for CHD such as hypertension, diabetes, obesity and

inactivity in women.

Some authors postulate a number of mechanisms for the development of ischaemic diseases
in women are related to hormones (Bairey Merz et al., 2006; Shaw et al., 2009). They contend
there are unknown factors responsible for the much higher mortality rate in pre-menopausal

women than in men of the same age (Bairey Merz et al., 2006). Pre-menopausal women have
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lower rates of AMI (Gulati et al., 2012), however when they do experience it, they have much
higher mortality rates than men of equivalent age (Gulati et al., 2012; Rosenfeld, 2006;
Vaccarino et al., 1999; Vaccarino et al., 2001). Hypo-oestrogenaemia and dysmetabolic states

have been implicated in the differences (Gulati et al., 2009; Reynolds et al., 2011).

Coronary vasculature. There are a number of important differences in coronary vasculature
between the sexes. Women tend to have better preserved left ventricular function than men,
but develop a more severe and different form of vascular disease than men (Bairey Merz et
al., 2006; Pepine et al., 2006; Shaw et al., 2006; Shaw et al., 2009; Smilowitz et al., 2011).
Structurally, women’s vessels are smaller than men’s in internal diameter (Dodge et al., 1992;
Lee et al., 2013; Mikhail, 2006), making obstruction with smaller lesions more likely and
locating culprit lesions with coronary angiography more difficult due to issues with instrument
access (Schampaert et al., 2004). Smaller coronary arteries also make women more

susceptible to developing ischaemia during angiography (Lau et al., 1999).

It is hypothesised that prolonged high levels of endothelial inflammation, coupled with
sudden loss of oestrogen and other changes during menopause may be associated with
endothelial dysfunction, loss of arterial compliance and dysfunction of coronary
microvasculature (Bairey Merz et al., 2006; Bugiardini et al., 2004). The changes may lead to
remodelling which enables greater atherosclerotic storage along the arteries, leading to
reduced intrusion from isolated plaque lesions (Bairey Merz et al., 2006), but more
generalised narrowing. Remodelling and fibrosis may also lead to stiffer aortas in women
(Pepine et al., 2006). The result of these changes is inability to respond to altered oxygen
demands within myocardial cells distal to affected coronary blood vessels, and promotion of

higher blood pressures.

Considerable research has been undertaken in recent years examining the phenomenon of
non-obstructive CHD in women (Bugiardini et al., 2007; Gulati et al., 2009; Sharaf et al., 2013;
Vaccarino et al., 2011). Women can have near normal coronary arteries and have high risk of
death from ACS (Sharaf et al., 2103), even when compared to similarly aged men (Bugiardini
et al., 2007; EI-Menyar et al., 2013; Shaw et al., 2009). It is not unusual for women with ACS

to have ‘normal’ or ‘non-obstructive’ coronary artery disease found on angiograms (Bugiardini
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et al., 2007; Gulati et al., 2012; Humphries et al., 2008), with false negatives during
investigations implicated in under-treatment of women’s ACS (Bugiardini et al., 2010; Daly et
al., 2006; Dey et al., 2009; Shaw et al., 2009). In their paper, Shaw et al. (2009) argue that
current ACS guidelines focus on improving outcomes in obstructive disease, rather than
reducing risk and easing symptom burden in women. They propose more needs to be done to
identify non-obstructive atheroma in women in order to stratify them more accurately for risk

and improve therapy targeting (Shaw et al., 2009).

Response to chemicals. Women’s responses to a number of chemicals such as nicotine, the
oral contraceptive pill and high blood glucose are known to heighten risk for heart disease,
more so than in men (Bolego et al., 2002; Richey Sharrett et al., 2004; Steinberg et al., 2000).
A number of chemicals used to treat breast cancer have also been found to be associated with
increased CHD risk in women (Jones et al., 2007). Women are at high risk of chronic
hyperglycaemia during and after gestational diabetes, with increased incidence of DM2,
obesity and metabolic syndrome. It is purported the chronic hyperglycaemic state leads to
reduced endothelium-dependent and endothelium-independent coronary vasodilatory
response (Di Carli et al., 2003) and an inability to adjust to altered oxygen requirements.
Overall, women experience higher rates of DM2 than men (Gulati et al., 2012). Diabetes leads
to endothelial dysfunction in both sexes, but loss of vasodilation is more significant in women
(Sowers, 1997). Women with DM2 have a three-fold higher risk of CHD than non-diabetic
women (Spencer et al., 2008). DM2 completely abrogates any protection afforded to pre-
menopausal women (Steinberg et al., 2000) and is a significant additional co-morbidity post-
menopausally. Control of acute hyperglycaemia upon ED presentation for ACS is strongly

recommended for all patients with or without known DM2 (Kuhn & Lee, 2011).

Comorbid disease clusters. A number of behavioural and biologic factors conspire to produce
clusters of risk factors favourable to the development of heart disease in women, more often
than they do in men. Combined risk factors for CHD such as obesity, dyslipidaemia,
hyperinsulinaemia and hypertension are also known as metabolic syndrome, and impact upon
many more women than men (Gami et al., 2007; Mitrakou, 2006; Regitz-Zagrosek et al.,

2007). Even when men have metabolic syndrome, women with the same combinations of
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comorbidities are at higher risk of developing CHD than them (Gulati et al., 2012). Regular
exercise has been shown to have favourable effects on many of these risk factors. It
maintains glucose control, blood pressure regulation, serum lipid profiles, weight control and
general fitness levels (Boule et al., 2001; Mitrakou, 2006; Vidal, 2002; Wallace, 2003), but 76
percent of Australian women are classified as ‘physically inactive’ (AIHW, 2010). Women
often underestimate their personal risk for CHD, so do not understand the benefit of exercise
as it relates to them (Hart, 2005). They are therefore, less likely to be motivated to remedy
sedentary behaviour. Women are known to have a number of competing social demands
(Schoenberg et al., 2003), which effect their ability to exercise and also may cause them to
delay seeking treatment for heart disease. Women for example, cite a number of factors
including the presence of children in the home for an inability to exercise (Chen & Millar,
1999; King et al., 2000). This is a significant issue in Australia where obesity is increasing
alarmingly; 54 percent of Australian women are overweight or obese (AIHW, 2011). The
greatest cause for concern in relation to clusters of risk however, is Australia’s rapidly ageing
population. Older people generally accumulate more comorbid disease (AIHW, 2012a) and

women have greater longevity than men (ABS, 2012).

Risk factors. Ageing is the greatest risk factor for CHD. The ageing Australian population is
likely to exacerbate the prevalence of ACS for women in the future because of the associated
increase in prevalence of obesity, diabetes, hypertension, sedentary lifestyle and
dyslipidaemia (AIHW, 2010; Fulcher et al., 2003). Other risk factors remain important; even
though the epidemiology of ACS is widely understood, approximately 15 percent of Australian
women continue to smoke daily (AIHW, 2010). Reduction in smoking has played a large part
in the reduced death toll from CHD over recent decades, but as this risk factor has decreased,
other risk factors have increased markedly (AIHW, 2012a). More than 90 percent of the
female population has at least one modifiable risk factor for heart disease (AIHW, 2010). All
risk factors are significant risk factors for ACS in women, particularly when they are clustered
together (Pepine, 2006). Mortality increases exponentially with the addition of each extra risk
factor for heart disease, a pattern more profound in women than men (Gerber et al., 2006;
Oda et al., 2006). The increasing prevalence of risk factors is likely to continue to increase the

burden of heart disease in Australian women.
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1.2.4 Gender- and sex-related symptom differences in ACS

In tandem with variations in the biological and pathophysiological basis for CHD, there seem
to be notable differences in symptoms experienced with the diseases between the sexes. An
important means of identifying patients with potential CHD are patterns of symptoms. The
problem is that ‘typical’ symptom patterns of CHD have historically been defined from largely
and sometimes all male populations (Douglas & Ginsberg, 1996; Pilote et al., 2007).
Numerous researchers have investigated symptom differences experienced by men and
women in an effort to identify and differentiate these patterns (Albarran et al., 2007; Bosner
et al., 2009; Canto et al., 2007; DeVon et al., 2008; Dey et al., 2009; McSweeney et al., 2004).
Cardiac events in women are often heralded by non-specific symptoms (‘prodromes’), making
differentiation from other physiologic and functional aetiologies for the women themselves
and healthcare personnel problematic (Shaw et al., 2006). In a qualitative study by
McSweeney and Crane (2000), 37 out of 40 participants revealed prodromal symptoms
occurred from 3 weeks to 2 years prior to their ACS events. In another study, McSweeney and
colleagues described a set of prodromal symptoms for ACS specific to women including
unusual fatigue, sleep disturbance, shortness of breath, weakness, anxiety and chest
discomfort (McSweeney et al., 2003). Acutely, women are more likely to present with
complaints of unusual or profound fatigue (Shaw et al., 2009), with complaints of dyspnoea,
dizziness, cold sweats (McSweeney et al., 2003), nausea (Arslanian-Engoren et al., 2006),
weakness, indigestion (DeVon et al., 2008), and throat, neck and jaw pain (Philpott et al.,
2001) all having been reported. A significant proportion of women have right-sided chest and
arm pain (Albarran et al., 2002). Others report no pain at all (Shlipak et al., 2001). Bosner et
al. (2009) found women tended to experience longer periods of pain, but men experienced
shorter pain durations when positive for ACS. Women have been reported to regularly
experience chest pain several times a week (Mieres et al., 2011), which is consistent with a
large meta-analysis indicating ongoing signs of ischaemia are more common in women than
men (Hemingway et al., 2006). The more persistent ischaemic symptoms are blamed for

more frequent hospitalisations and repeat procedures in women (Shaw et al., 2006).

Despite differences in the degree and description of chest pain experienced by women

compared to men, most women nevertheless, do experience some form of chest pain (Canto
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et al., 2007). Chest pain is an important symptom when examined in the context of early ACS
assessment because it is considered the hallmark of the syndrome’s presentation. The
proliferation of Chest Pain Units around the world for the management of patients deemed to
be at low-to-moderate risk for ACS (Siebens et al., 2007) supports that patients with ACS
generally present with complaints of chest pain. Indeed, a number of decision algorithms for
predicting ACS rely on chest pain as a major predictor of the syndrome (Boufous & Kelleher,
2003; Fesmire et al., 2002; Selker et al., 1998). It has been reported that patients who arrive
at emergency departments (EDs) with what are deemed to be ‘atypical’ presentations receive
delayed management for ACS (Washington & Bird, 2002). Brieger et al. (2004), found that
patients who failed to present with the requisite chest pain with ACS had delayed treatment
and worse outcomes; they found such presentations were associated with the administration
of fewer evidence based therapies such as revascularisation, anticoagulation, B-blockade,
statins and antiplatelet agents, which they espoused, led to greater hospital morbidity and

higher mortality in this patient group (Brieger et al., 2004).

Symptom recognition in the emergency department. Using chest pain as a key descriptor for
assessing ACS in the ED is problematic for a variety of reasons. First, it is difficult to gauge
how many women actually present with complaints of chest pain and second, if they do not
present with chest pain and this is the symptom most likely to rouse suspicion for ACS in the
minds of the emergency clinicians, it needs to be asked: How many ACS episodes have been
missed? The figures presented by researchers on experiences of chest pain in women with
ACS are widely disparate. Brieger et al. (2004) for instance, found only 8.4 percent of patients
positive for ACS presented to EDs with no chest pain, but these patients were more likely to
be women. In another study, researchers combined all descriptors that could have been
described as pain or discomfort and found 43 percent of women presented without chest pain
(McSweeney et al., 2003). Others found women were less likely to experience chest pain than
men in their studies (Gupta et al., 2002), but reported differences between sexes to have
been insignificant when controlled for factors such as age (Arslanian-Engoren et al., 2006). A
recent prospective cohort study examined prodromal symptoms experienced by younger men
and women using the McSweeney Acute and Prodromal Myocardial Infarction Symptom

Survey during hospitalisation to evaluate, amongst other things, the absence of chest pain in
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young patients with ACS, and the association of chest pain (or not) with markers of disease
severity (Khan et al., 2013). Khan et al. found younger women patients (mean age 49 for both
sexes) were more likely to present without chest pain than men and chest pain presence was
not correlated with severity of ACS, as demonstrated by cardiac troponin levels or coronary
stenosis. Another problem may be that the description of chest pain can differ markedly
between men and women; there may be a gender-based difference in the expression of pain.
One research group argued men and women both experienced chest pain equally, but on
finding that perceptions of chest pain were very different between the sexes, proposed a
framework based on psychosocial, biological, physiological and anatomical differences to

explain how symptoms manifested (DeVon et al., 2008).

Hence, it is difficult to say with certainty that chest pain is the chief complaint for all patients
with ACS, but it can be said that by applying current understandings of ‘typical’ chest pain,
ACSs are more easily differentiated in men (Pepine et al., 2006), making diagnosis of ACS in
this sex more straightforward. This may be partly due to the male bias in clinical trials, where,
despite efforts to balance the equation, women remain under-represented (Maas et al., 2011;
Redberg, 2006; Washington & Bird, 2002). Symptoms reported to occur generically are
therefore, more likely to reflect the male pattern for disease (Clancy, 2002; Stramba-Badiale
et al., 2006), as are treatments based on the evidence from these findings. This has led to

III

what has been described as a “gender neutral” understanding of heart disease and calls for
health professionals to develop a clearer understanding of the nature of women’s ACS and the
evidence base that underpins the disease and its management, as it is experienced by them
(Lockyer, 2008, p. 161). Criticism has also been levelled at ACS management guidelines

III

because of their “gender neutral” nature (Blomkalns et al., 2005). Blomkalns hypothesised
that treatment guidelines’ failure to take the female pattern of disease into account would

likely result in continued disparities in outcomes for women.
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1.2.5 Diagnosis and early treatment of ACS in the emergency department (ED)

Diagnosis of ACS in an ED is generally undertaken using the patient history of presenting
complaint, cardiac troponin analysis (repeated to evaluate for increase and change) (Chew et
al., 2011) and serial electrocardiograms (ECGs) to evaluate for change over time. Goodacre et
al. (2005) however found serial ECGs added little diagnostic or prognostic value in patients
with normal or non-diagnostic initial ECGs. The severity of the ACS and the benefit of earliest
revascularisation depends on the type of AMI. This is determined by analysis of the ECG
focusing on the section of the electrical complex known as the ‘ST-segment’. Using the ECG
findings, patients are ascribed the diagnosis of STEMI, NSTEMI, UAP or NSTEACS. Some
patients will also be diagnosed with AMI based on changes recorded as new left bundle
branch block (Rose & Kuhn, 2009) (Appendix B). Patients with new left bundle branch block
are assigned to the STEMI ACS group for treatment (White & Chew, 2008).

In order to abort the process of myonecrosis, patients with ACS need to arrive at an ED soon
after onset of ACS, be diagnosed expeditiously and managed using evidence based therapies
such as pharmacotherapy and revascularisation techniques. In the case of the most serious
and time-critical of the AMIs, the STEMIs, prompt treatment through reperfusion therapy
salvages oxygen-depleted myocardial cells. According to current Australian (Aroney et al.,
2006, Chew et al., 2011), European (Steg et al., 2012) and USA (O’Gara et al., 2013) ACS
guidelines, revascularisation techniques for STEMI are ideally completed in less than 90
minutes from the point of symptom onset for STEMI. STEMIs are more common in men than
women (Berger et al., 2009) and account for approximately a quarter of all ACS presentations
(Brieger & Redfern, 2013). For patients experiencing NSTEMI or unstable angina, early
angiographic evaluation of the lesion(s) and implementation of an appropriate
revascularisation strategy is considered to confer the greatest benefit (Fox et al., 2010; Mehta
et al., 2009). Timely reperfusion of hypoxic myocardial cells can result in positive effects on
patient morbidity and mortality associated with the syndromes (Berger et al., 1999; Brieger &

Redfern, 2013) and therefore, require the earliest possible diagnoses.

The benefits achieved by early revascularisation and negative outcomes potentially avoided,

make ACS one of the most important and time-critical conditions managed in the ED. The
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ability to provide effective treatment depends on a number of factors, with early recognition
of the syndrome and presentation to an ED vital. Presentation to an ED for management
depends first, on patients with ACS recognising and acting upon their symptoms of disease
without delay. However, there continues to be widespread misconception about the
prevalence of and risks associated with women’s ACS and heart disease risk generally within
the lay community (Mosca et al., 2006; WHO, 2007), as well as by health professionals
(Clancy, 2002; Mosca et al., 2005).

1.2.6 Timeframes and the triage role for ACS

If coronary reperfusion is achieved in the first 1 — 2 hours after STEMI onset, the death rate
may be halved (Gersh et al., 2005; Scott, 2010). Delays in administering definitive treatment
need to be minimised, with rapid restoration of epicardial blood flow understood to be of
critical importance (White & Chew, 2008; Wu et al., 2011). In the context of ACS, this is
generically known as “door-to-treatment” (D2T) time. Depending upon treatment method,
these are called “door-to-balloon” (D2B) or “door-to-needle” (D2N) time. When
percutaneous coronary intervention (PCI) facilities are available, PCl is the preferred option
for patients with STEMI (Aroney et al., 2006; Chew et al., 2013), and the timeframe is known
as the ‘D2B’ time (Finn et al., 2007). If PCl is unavailable where the patient with STEMI has
presented for treatment, or transfer delays to appropriately equipped and staffed facilities are
likely to preclude early PCl, the patient should instead be administered fibrinolytic or fibrin
(i.e. clot) dissolving medication (Aroney et al., 2006; Chew et al., 2011; White & Chew, 2008).
This timeframe is known as D2N time (Finn et al., 2007). Although there is a preference to use
PCl where possible (Aroney et al., 2006; Boersma, 2006), the key emphasis should be on
opening coronary arteries “quicker” (Gibson et al., 2004; Huynh et al., 2010). It has been
demonstrated that the goal of a 90-minute D2T time should be reduced even further if
possible (Rathore et al., 2009). Every minute of delay has been shown to count in terms of
clinical outcomes (De Luca et al., 2004; Gibson et al., 2004). A recent Australian paper
asserted mean treatment times were well beyond the timeframes in which irreversible
myocardial necrosis occur, pointing out the median delay to D2B in Australia was in excess of

3 hours, and over 2 hours for D2N (Brieger & Redfern, 2013). Both are unacceptable.
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Timeframe calculations for D2T time are the combination of numerous stages in the interval
between arrival at an ED and implementation of definitive treatment. Each of these needs to
be understood and optimised to decrease the delays to revascularisation. In their research
involving monitoring physician performance for D2B time for AMI, Shry et al. (2003), argue
that focus on D2B time is important because it is the only period of time than can be readily
changed in hospital practice. EDs are the entrance points for most patients with ACS in
Australia and for almost all patients with STEMI. As newly presenting patients will first be
evaluated and prioritised by triage nurses according to perceived levels of urgency, it is critical
that this phase of the D2T time is investigated. Due to the evolutionary nature of myocardial
damage, it is one of the most time-critical conditions requiring ED management (Brieger &
Redfern, 2013; Jacobs et al., 2007) and thus, triage evaluation of patients with ACS lead to one

of the most important triage decisions reached by a triage nurse.

Applying timely and evidence based therapy for ACS requires complex and rapid decisions
which are evident throughout the patient’s trajectory of ED care. Triage is a patient’s first
point of contact with healthcare personnel inside an ED and the role requires the significantly
advanced clinical decision making ability by a nurse, without the benefit of prior diagnoses or
technology to assist. The Australasian Triage Scale (ATS) is a 5-tiered scale designed to enable
the ‘sorting’ of patients with equity and efficiency (Richardson, 2004), according to level of
acuity (Australasian College for Emergency Medicine (ACEM), 1993; DHS, 2001). Itisa
formalised process in all Australian government funded hospital EDs (ACEM, 1993), whereby
patients are prioritised by experienced, educated and specialty-qualified emergency nurses
according to their level of clinical need. Emergency triage staff apply the following question to
all patients upon presentation to an ED: “This patient should wait for medical assessment no
longer than... [minutes]” (DHS, 2001) and rank them according to their perceived clinical
urgency (ACEM, 2000). Patients who are assigned ATS Category 1 are assessed to be in
immediately life threatening danger if treatment is not commenced immediately, so their
treatment is instantaneous with arrival. Patients who are assessed to have imminently life-
threatening or important time-critical conditions or who are in severe pain, are allocated ATS
Category 2; not to wait longer for medical or nurse practitioner assessment and treatment
than 10 minutes. Those patients who are deemed by the triage nurse to have potentially life-

threatening conditions, situational urgency, severe discomfort or distress are allocated ATS
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Category 3; not to wait longer than 30 minutes. Those with potentially life-serious, situational
urgency or with conditions of significant complexity and severity, severe distress or discomfort
are allocated ATS Category 4; to wait no longer than 60 minutes. Patients who are evaluated
by the triage nurse to have less urgent (not life-threatening) or clinico-administrative
problems are allocated ATS Category 5; with treatment to be commenced in less than 120
minutes (DHS, 2001). The ATS table, as described, is provided in Chapter 2 of this thesis (Table
2.1).

Ideally, patients who are allocated the highest priority should always be assessed and
managed before others allocated lower triage scores regardless of arrival time. The reality of
EDs in Australia is that many patients will not be treated by ED medical or nursing staff within
the timeframe deemed to be warranted by the triage nurse through triage score allocation
(AIHW, 2012b). Australian EDs regularly experience what is known as ‘access block’, which
results in overcrowding of EDs because patients who have already been assessed and
stabilised for admission are not able to be moved out of EDs due to lack of beds ‘upstream’ in
the inhospital areas (Richardson & Mountain, 2009). Even without access block, uncapped
patient numbers arriving for treatment simultaneously can result in long queues at the triage
desk and more patients requiring care for conditions triaged as ATS Category 1 and 2 than
staff and cubicle resources can accommodate. Patients who are allocated ATS Category 3 may
wait a great deal longer than the 20 minutes extra deemed to be safe between ATS Categories
2 and 3. Similarly, patients allocated ATS Category 4 may wait much longer than 50 minutes
extra than the timeframe deemed satisfactory for ATS Category 2. Unless patients presenting
with ACS are assessed at triage to be in immediately life-threatening danger requiring
immediate resuscitation (in which case they are allocated ATS Category 1), patients with ACS
should be allocated ATS Category 2. This is because they are in imminently life-threatening
danger with important time-critical conditions, and often with very severe pain, there is a high
probability their time to onset of treatment will be well in excess of the 10-minute

recommendation if given a lower acuity triage score.

Delays in D2T times have not, to the best of the Candidate’s knowledge, been found to occur
because of incorrect triage score allocation for ACS. The important role of the triage nurse
and their triage decision for ACS appears to have been overlooked, which represents a

significant gap in the literature given the importance of ACS in society because of the sheer
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number of incidences, associated burden of disease and mortality. The triage nurse role and
the provision of triage score allocation for ACS have not been studied for men or women in
either international or Australian ED systems, making the evaluation and quantification of this
early stage of ACS management imperative. In the context of the broader healthcare systems
both within Australia and overseas, it has however been shown that women tend to be under-

evaluated and under-treated for ACS during many other points in their healthcare delivery.

Research from the USA shows that application of prompt reperfusion therapy does not always
occur equally for both sexes. Interrogating data from more than 78,000 patients with AMI
across the USA, Jneid and colleagues (2008) ascertained women presenting to EDs were older,
had more co-morbidities, presented less often with STEMI and had higher unadjusted
inhospital death (8.2% versus 5.7%, P<0.0001) than men. After multivariate adjustment, these
sex-related differences were no longer observed, apart from in the STEMI cohort. Jneid et al.
(2008) found it was significant women received less early aspirin, B-blockade, reperfusion
therapy and timely reperfusion than men. They also received less cardiac catheterisation and
revascularisation procedures after AMI (Jneid et al., 2008). Similar patterns have also been
observed in many other studies around the world (Barron et al., 1998; Jneid & Thacker, 2001;
Milcent et al., 2007; Vaccarino et al., 2005), including for some treatments in Australia (Roe et
al., 2013; Walters et al., 2008). Researchers believe the answer to reducing the significant
disparities between the sexes is to correct the underuse of evidence-based treatments and

avoid delayed reperfusion (Jneid et al., 2008).

International research has shown that compared to men, women are more likely to be
discharged prematurely from EDs with ACS (Kaul et al., 2007), and are less likely to undergo
revascularisation procedures (Jneid et al., 2008; Kaul et al., 2007; Radovanovic et al., 2007;
Rosenfeld, 2006). Jneid and colleagues (2008) believe such less aggressive therapy
administration is likely part of the reason women suffer greater very early death than men
when admitted with STEMI (Jneid et al., 2008). Contemporary research has shown this also to
be the case in Australia, where, although knowledge amongst physicians is good, application
of evidence to practice is inconsistent or poor (Chew et al., 2007; Chew et al., 2013; Huynh et
al., 2009). To date, the role emergency nurses play in the timely commencement of
treatment for ACS, and whether there is practice variation related to patient sex, have not

been explored in the Australian context.
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The early assessment and management of all patients with ACS is critical to the effectiveness
of myocardial reperfusion. Early access to reperfusion therapy for STEMI prevents or limits
myocardial injury and death, improving clinical outcomes such as re-infarction and mortality
(Shaw et al., 2009). In an Australian study (Huynh et al., 2010), timely reperfusion of STEMI in
patients was associated with a 78 percent reduction in mortality (hazard ratio, 0.22; p = 0.04).
For patients experiencing NSTEACS, early access to medical care enables stratification of the
patients’ conditions into levels of risk. Early medical evaluation allows appropriate
management decisions to be made in a way that balances the need to reduce ischaemia and
possible infarction with risk factors associated with PCl and pharmacotherapy, such as
bleeding (Maas et al., 2011). Women have been noted to have proportionately more bleeding
complications with reperfusion therapy than men (Chew et al., 2011). Bleeding risk is more
pronounced in younger women (Argulian et al., 2006). Not all patients with ACS require
immediate therapy, but all patients with ACS have an acute and dangerous disease in need of
early, evidence-based therapy. The recently published Australian and New Zealand
SNAPSHOT ACS Study (Chew et al., 2013) demonstrated considerable variation in
management of ACS in a two-week snapshot of care in a number of hospitals (n = 286) in
Australia and New Zealand. Up to 40 percent of patients did not receive any reperfusion
therapy and evidence-practice gaps were uncovered during pre-, in-, and post-hospital ACS
management (Chew et al., 2013). The comprehensive study provided new insights into
challenges associated with provision of timely and effective ACS care (Chew et al., 2013),
although variation due to ED or inhospital management and patient sex specifically have not

yet been reported.
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1.3 Research rationale

Using the alias ‘Richard Saunders’, Benjamin Franklin penned the following aphorism in his

‘Poor Richard’s Almanac’:
You may delay, but time will not.

(Franklin in Kofoia, 1914: p. 62)

Franklin could have been writing about the overarching importance of acting with expedience
when patients arrive at EDs with ACS. Failure to rapidly manage patients with ACS, for
whatever reason, equates to increased myocardial damage and potentially avoidable
increased risk of morbidity and mortality. Failure to provide eligible patients with equal
access to timely management in such a way that they are not equally able to avoid increased

risk equates to inequity.

The extraordinary reduction in incidences of death from CHD over the last 30 years have
largely been due to reduction in prevalence of smoking and other lifestyle modifications
reducing primary disease (AIHW, 2012a). Substantial reductions in death rates from ACS have
also been attributed to revascularisation and pharmacological interventions (White & Chew,
2008), although it has been suggested there is currently a levelling off of these gains (Chew &
Scott, 2013). Gains are based on treatments being given according to guidelines, which in
many cases, is as early as possible (Brieger & Redfern, 2013; Shaw et al., 2009; White & Chew,
2008). Findings from the ACACIA registry demonstrate it is not the mode of reperfusion, but
the use of any reperfusion therapy and the timeliness of its provision that are most associated
with outcome benefits (Huynh et al., 2010). Surprisingly, in spite of all of the novel therapies
under development and testing, White and Chew (2008) did not foresee as much benefit to be
gained by introducing new therapies for AMI, compared to better applying what was already
available. They argued it was the systems that needed to be improved. They cited some
impressive calculations for potential lives saved by implementing what was already known
and available into practice better; estimating that increasing the proportion of patients

receiving therapy for STEMI could potentially save 270 lives per 10 000 patients; and, by

62



The DaME Il Study

reducing time to fibrinolysis or changing from fibrinolysis to PCI, 154 lives per 10 000 patients
with STEMI could be saved (White & Chew, 2008, p. 580).

Despite what is understood about the potential lives saved from improving access to and
timeliness of reperfusion, the influence the triage role has on door-to-reperfusion time has
not been adequately evaluated. Little is known about patient evaluation of ACS at triage and
the multitude of factors which may influence the effectiveness of this role. Several studies
have examined triage nurse ability to effectively triage women for ACS in the ED and most
have described difficulties with this (Arslanian-Engoren, 2004, 2005, 2009), but there has been
minimal investigation (Atzema et al., 2009, 2010) of triage nurse influence on time to
treatment onset for ACS, and none reported in Australia. Atzema and colleagues investigate
triage-to-electrocardiogram (ECG) time. The only other patient factors found to negatively
influence triage accuracy for ACS were found to be patient age; older age in years was found
to be associated with lower acuity triage assessment in one study (Arslanian-Engoren, 2001),
and younger patient age was found to cause lower acuity triage evaluation for ACS in another
(Arslanian-Engoren, 1999). No studies were uncovered seeking to examine other non-clinical
variables leading to difficulty triaging patients with suspected ACS population to appropriate

levels of acuity.

The rationale for undertaking this PhD is to undertake an empirically-based programme of
exploration and analysis of the earliest point of ED assessment and management of ACS. It
will provide new, research-based insight into the triage score allocation and subsequent
treatment onset times for patients with ACS, exploring other sociodemographic variables’
influence on time to treatment from triage, and examine gender-related treatment and
mortality patterns across Victoria using several years of contemporary data. It will also
examine the equity with which men and women patients are treated for ACS in Victorian
public hospitals and whether or not there are any observable patterns of disparity within this

population.
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1.4 Research aims and objectives

The intentions of undertaking this programme of research are to: First, add to emergency
healthcare knowledge around ED triage assessment for patients with different demographic
patterns, particularly sex for ACS, where there is an identified knowledge gap; and second,
examine reperfusion management patterns and outcomes of ACS in women and men to
enable identification of any disparity and guide future research and practice towards reducing
any avoidable differences. Central to the research is the understanding that timing and access
are critical factors in effective treatment of ACS, and hospital system delays must be identified
and minimised to ensure women’s ischaemia and infarction are diagnosed and managed
expeditiously to optimise patient outcomes. Hence, ‘The Diagnose and Manage Early:

Women’s Ischaemia and Infarction (DaME 1) study’.
The overall aims of the DaME Il study are to:

1. Examine and describe the early triage score allocation patterns and patterns in times

to treatment onset for ACS in women and men; and

2. Describe and compare the management and outcomes for ACS in women and men in

Victorian hospitals.

The following research objectives are used to guide the programme of research. They are to:

1. Appraise existing evidence to ascertain a research-based understanding of the effect of

patient sex on ED triage for ACS;

2. Explore current practice of triage score allocation for ACS and AMI and subsequent

treatment onset times in relation to patient sex;

3. Examine if non-clinical demographic factors influence the time to treatment onset for

ACS in EDs; and

4. Determine whether patient sex influences access to evidence based treatment for ACS
in Victorian public hospitals, and whether mortality rates from ACS are influenced by

patient sex.
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1.5 Research questions

Through literature review and a series of discrete analyses of two statewide datasets, the
research programme explores a selection of separate, but related questions around triage,
treatment onset time, and inpatient management and mortality of patients with ACS in

Victoria.

The research questions for Chapters 2 — 5 (Figure 1.3), from which publications arise are as

follows:

Chapter 2.
Research question: What is understood from review of the literature about clinical decision
making by ED triage nurses for women with ACS, including how triage nurses formulate

decisions and which factors influence these?

Chapter 3 [research paper].
Research question: Does patient sex influence triage score allocation for ACS and AMl in EDs

and if there is disparity, does this impact upon treatment onset times in Victorian EDs?

Ho. Patient sex has no influence on triage score allocation for ACS and AMI in EDs and patient

sex has no effect on treatment onset times for the coronary heart diseases in Victorian EDs.

Chapter 4 [research paper].
Research question: Which patient and non-patient factors are associated with increased risk

of delayed treatment onset for AMI in Victorian EDs?

Ho: Other than for reasons of perceived clinical urgency, patient and non-patient demographic

factors do not affect the speed at which patients are treated for AMI in EDs from triage?
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Chapter 5 [research paper].

Research questions:

1.

Is interventional reperfusion therapy equally provided to younger and older men and

women patients admitted to Victorian public hospitals with STEMI?

Ho: Patient sex and age are not associated with interventional reperfusion therapy

provided for patients admitted to Victorian public hospitals with STEMI.

Are patterns of inhospital mortality different between younger and older men and

women patients admitted to Victorian public hospitals with STEMI?

Ho: Patient demographic factors of sex and age are not associated with patterns of

mortality for patients admitted to Victorian public hospitals with STEMI.
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1.6 Research design and methods overview

The research design for the DaME Il programme is a compilation of individual studies which

were retrospective, non-interventional descriptive, observational database research.

Two Victorian Health Information Repositories System (VHIRS) databases were analysed when
undertaking the DaME Il study:
i) Victorian Emergency Minimum Dataset (VEMD); and

i) Victorian Admitted Episodes Dataset (VAED).

Non-identifiable aggregated data were provided in compressed, password protected digital
files in Statistical Package for Social Sciences (SPSS) format. Statistical programmes used
included SPSS versions 18, 19 and 21, Microsoft Excel and R packages, with full details of data
preparation, statistical analysis and software used are provided in each of the research
publications. Data were saved to different programmes for analysis using the comma

separated values (CSV) format.

Variables were selected using the VAED and VEMD manuals and lists of data fields available
online at the Department of Health (DoH) through http://www.health.vic.gov.au/. Patient age
was provided in years as a continuous variable initially and transformed to 5-year and
dichotomous groupings as necessary in both datasets. Data for length of stay variables were
also continuous, but all other variables were categorical. String variables were allocated
numerical codes, and data were examined for missing values, outliers and accuracy of data
entry. Distributions were checked for normality using the Lilliefors test. Frequency tables
provided descriptive statistics for variables necessary to answer the research questions.
Continuous variables were compared using the Wilcoxon rank-sum test, Student’s t-test and
one-way ANOVA. Categorical variables were compared using chi-squared test (y?2).
Continuous non-parametric statistics were presented as medians with first and third
interquartile ranges unless otherwise specified in the publications, and categorical variables
were presented as percentages with binomial confidence intervals. All statistical tests were
two-tailed and p-values of less than 0.05 were considered to indicate statistical significance.

Data were validated according to the Australian Coding Standards, which applied to
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International Classification of Diseases and Related Health Problems, tenth revision Australian
Modification (ICD-10-AM) and Australian Classification of Health Interventions (ACHI), which
are used in all Australian public and private hospitals (National Centre for Classification in

Health (NCCH), 2008).

Using these parameters, the DaME Il study used research of administrative data to provide
insight into triage score allocation and other variables affecting treatment onset times, in
addition to proportional reperfusion therapy provision and mortality for patients of each sex
with ACS treated in the Victorian public hospital system. The study determined the impact,
efficacy and equity in public hospital ED triage of heart disease in women and inhospital
treatment and outcomes, compared to their male cohort. In the format of a PhD by
Publication, the thesis incorporated a number of different methodologies appropriate to meet
the needs of each publication’s research aim(s) and question(s) listed in Section 1.5 in
publications incorporated into chapters, and outlined below. Chapters 2 and 4i incorporated
literature review methodology to ensure all available literature meeting the inclusion criteria
were appraised at the outset for review and critique. The methodologies for each are

incorporated into the opening sections of the associated publications.

Chapter 3 was undertaken to compare equity of triage score allocation and associated times
to treatment onset for ACS and AMI between two groups (men and women). To do this, a
large contemporary administrative dataset (VEMD) was retrospectively analysed using mostly
Student’s t-tests and ANOVA (one-way and two-way between groups) for all Victorian adults
(n=261,628) admitted to EDs from 2005-10 with possible and actual heart attacks. Included
were all patients, aged 18 to 85 years who were alive on arrival, and admitted to any of
Victoria’s general public hospital EDs (n = 34) over a period of five years (2005 — 2010) with
selected diagnoses of acute myocardial infarction, unstable angina pectoris, stable angina
pectoris, and the common symptom for admission when diagnosis has not been established,
chest pain, using ICD-10-AM codes. The data were analysed in two separate samples to

enable:

a. Evaluation of triage score allocation and mean subsequent times to treatment
onset for men and women who may have reasonably been suspected of

experiencing a time-sensitive ACS at ED triage; and
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b. Evaluation of triage score allocation and mean subsequent treatment onset times

for patients who were formally diagnosed with the principal diagnosis of AMI.

Chapter 4ii employed regression tree analysis to determine risk factors for increased time to
treatment for all patients aged 18 — 85 years, with AMI (n = 21,080), who presented to any of
the 34 general Victorian public hospital EDs over five consecutive years (2005 —2010). VEMD
data were partitioned into three randomly selected sub-sets using a method described by

Williams (2011), with a complexity parameter set at 0.0005.

Descriptive statistics were used to analyse data from the VAED dataset to evaluate
distributions and describe the characteristics of men and women admitted to Victorian public
hospitals from 2005 — 2010 with STEMI (n = 13 744) for Chapter 5. Categorical data were
analysed using chi-squared test and larger contingency tables. Normally distributed data were
analysed using independent t-tests and for non-normally distributed data, Mann-Whitney U

tests were used.
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1.7 Research outline

This thesis comprises six chapters, an abstract, a bibliography list and appendices. Figure 1.3
illustrates the position of each chapter in relation to the others. The thesis contains five
manuscripts; three of which are research papers (two are accepted and available in peer
reviewed, scientific journals, and a third is under journal review). A literature review and a
methodology paper have also been published in peer-reviewed, highly regarded scientific

nursing journals.

The overall structure commences with the current chapter’s introduction to a broad range of
literature and examination of evidence important to the subject of early assessment and
management of heart disease, before focusing on differences according to patient sex. It
leads into important background information necessary to understand the severity of CHD
and ACS, the aetiology, epidemiology, pathophysiology, symptomatology, management and
outcomes for the diseases. It situates the need for equity in healthcare within the global and
local healthcare arenas. This review of the literature is in addition to the published literature

review provided in Chapter 2.

The literature review published in Chapter 2 provides an examination of the issues related to
clinical decision making and triage allocation for women with ACS in the context of busy and
often chaotic ED environments. Where there is little information related to ED triage
assessment of women with ACS, it uses research published from other healthcare areas to

guide exploration of the subject and further discussion.

Chapter 3 incorporates a publication examining the equity of triage score allocation for men
and women with ACS and AMI, and associated onset to treatment times. In this manuscript,

inequities in ED triage are raised as cause for concern and further investigation.

Chapter 4 introduces and utilises a novel quantitative approach to research in nursing. It
includes two publications: The first is an introductory discussion of classification and
regression tree method, which has the potential to prove valuable and provide alternative an
method of analysis in the near future; the second article included in this chapter is the
research paper which identifies and explores relationships between variables not previously

known to interact with each other or impact upon the time to treatment onset for AMI in the
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ED. It uncovers variables which, when combined with other specific patient variables, lead

patients with AMI to be vulnerable to undertriage and delayed treatment onset.

Chapter 5 incorporates a research publication developed with state-wide admitted patient
data. It explores the treatment and inhospital mortality for patients with STEMI across one
Australian state over a number of years, focusing on variations possibly equating to bias and

certainly finding disparity related to patient sex.

Chapter 6 provides an overview of the DaME Il study findings. It details the study’s
contribution to new knowledge important to the future provision of equitable care of women
with ACS in the ED. Through examining two extensive, non-identifiable datasets detailing
patient demographic features and clinical variables on a large population, the healthcare
provided to patients for the disease responsible for more deaths than any other, has been
assessed for efficacy and equity as much as possible. A number of limitations are associated
with all database research however, and these separate research endeavours were no
exception. Important limitations are discussed and recommendations for future research are

made.
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Figure 1.3. Flow chart of PhD thesis by publication outline

Chapter 1

Introduction

\

e Overview of and introduction to the thesis

e Coronary heart disease and acute coronary syndromes; the right to
equity, understanding the pathophysiology and symptomatology,
and the importance of early treatment

e Research rationale, aims, objectives and questions

e Research methods overview and outline

Chapter 2

Literature
review

\_—_ ‘

Kuhn L, Page K, Davidson P, Worrall-Carter L. (2011). Triaging women
with acute coronary syndrome: A review of the literature. Journal of
Cardiovascular Nursing, 26(5), 395-407.

Chapter 3
Research

\\

Kuhn L, Page K, Rolley J, Worrall-Carter L. (2013). Effect of patient sex
on triage for ischaemic heart disease and treatment onset times: A
retrospective analysis of Australian emergency department data.
International Emergency Nursing; Available online.

Chapter 4
i. Method

ii. Research

i. Kuhn L, Page K, Ward J, Worrall-Carter L. (2013). The process and
utility of classification and regression tree methodology. Journal of
Advanced Nursing; Available online.

ii. Kuhn L, Worrall-Carter L, Ward J, Page K. (2013). Risk factors for
increased time to treatment of acute myocardial infarction in Victorian
Emergency Departments: A regression-tree based analysis.
Australasian Emergency Nursing Journal, 16(4), 160-169.

Chapter 5

Research

Kuhn L, Page K, Rahman MA, Worrall-Carter L. (Under journal review).
Influence of patient sex on treatment and mortality for patients
admitted to Victorian hospitals with ST-segment elevation myocardial
infarction: a retrospective database study. Australian Critical Care.

\—

Chapter 6

Discussion &
Conclusions

e Overview
e Contribution to new knowledge — research objectives and

key findings, new knowledge informing areas for future
investigation and research limitations

e Conclusions
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Chapter 2

Review of the literature: triage of women’s heart
disease

Chapter 2 Kuhn L, Page K, Davidson P, Worrall-Carter L. (2011). Triaging
women with acute coronary syndrome: A review of the

the rature literature. Journal of Cardiovascular Nursing, 26(5), 395-407.

review

-

2.1 Background

Coronary heart disease (CHD) remains the leading cause of death of men and women
internationally (WHO, 2008), as well as in Australia (AIHW, 2012). While the total number of
deaths from CHD has fallen (AIHW, 2012; WHO, 2008), this has not translated into an
equivalent reduction in the mortality rates from heart disease for many subsets of women,
when compared to their male cohorts (Ashley et al., 2013). CHD is a leading cause of disease
burden in Australian women over 65 years of age (ABS, 2006; AIHW, 2012). Some groups of
women have worse outcomes secondary to the acute coronary syndromes (ACSs), the types
of CHD that include acute myocardial infarction (AMI) and unstable angina pectoris (UAP),
than do their male counterparts (Bassand et al., 2007; Pilote et al., 2007). The reasons for the
inequities in outcome are multifaceted and partly related to how women with heart disease
(WHO, 2007) and those within the health care community (Clancy, 2002; Mosca et al., 2005)

perceive and react to their disease.

For maximal benefit in terms of reduced myocardial muscle damage and improving outcomes
in mortality and morbidity, delay in seeking and receiving definitive treatment must both be
understood and minimised. Significant work has been done identifying reasons for patient
delays in seeking treatment (Moser et al., 2007; Perkins-Porras et al., 2009) however, less
research has been undertaken around the factors affecting how long it takes for patients to

receive recommended therapies after they present at hospitals with ACS. The usual point of
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entry into Australian hospitals for ACS is via emergency departments (EDs). Australian
research has identified that hospital medical staff generally have good knowledge of
Australian ACS treatment recommendations, yet implementation is often poor (Chew et al.,
2007; Walters et al., 2008). Women have been found for instance, to be referred less often to
angiography than men (Walters et al., 2008). The Australian studies did not focus on medical
staff in the ED environment. Emergency nursing knowledge and practice of women’s heart

disease is largely unknown.

Patients arriving at Australian EDs with ACS, like all ilinesses, are first evaluated at triage by an
experienced and educated triage nurse (ACEM, 2000). The triage nurse role is central to the
running and efficacy of care in an ED because triage nurses are responsible for sorting all
newly arrived patients to expedite care where necessary within limits of available resources.
The role of the triage nurse is one of the most important in the ED because of the
requirement the nurse is able to consistently differentiate between many possible diseases,
usually without diagnoses or test results, and in chaotic and often overcrowded
environments. An improved understanding of the ED nurse triage role, factors influencing the
accuracy of triage for ACS and the effectiveness in differentiating ACS from other disease

entities is therefore pivotal to optimal ACS management.

Chapter 2 provides a discussion about the management of ACS in the context of the ED,
examining the role of the triage nurse. ldentifying key tenets of the triage nurse role at the
beginning of this thesis acknowledges the fundamental role these nurses have in emergency
departments and the likely importance their decisions have in relation to ACS outcomes. A
published literature review is incorporated into this chapter, focusing on how triage nurses
assess patients with ACS and what is known about triaging (the act of undertaking formal
triage) women with ACS. All of the studies discussed in the literature review have been
undertaken overseas. While the international literature is valuable, it clearly demonstrates
that Australian research in this area is warranted. In particular, the understanding of ACS

presentation and management by ED nurses has not been explored in the Australian context.
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2.1.1 Australian emergency management of acute coronary syndromes

Approximately 49 500 major cardiac events were estimated to have occurred in Australia in
2007 in the 40 — 90 year old group and nearly 40 percent of these were fatal (Australian
Institute of Health and Welfare (AIHW), 2011). Cardiac death due to ACS is largely
preventable. It has been suggested if coronary reperfusion is achieved in the first 1 — 2 hours
after ACS onset, the death rate could be halved (Gersh et al., 2005). Due to the evolutionary
nature of myocardial damage, it is one of the most time-critical conditions requiring ED
management (Jacobs et al., 2007). Delays in receiving definitive treatment are broadly
divided into several phases. Pre-hospital delay is divided into two phases; first, the time taken
by the patient to seek professional help; and second, transport time, or time elapsed between
seeking help and arrival at an ED. The hospital delay is the interval between arrival at an ED
and implementation of definitive treatment. In the context of ACS, this is also known as
“door-to-needle” time, which is arrival to administration of fibrinolytic or fibrin (i.e. clot)
dissolving medication, and “door-to-balloon time”, which is time taken from arrival to

percutaneous coronary intervention (PCl) (Finn et al., 2007).

Applying timely and evidence based therapy for ACS requires complex and rapid decisions
which are evident throughout the patient’s trajectory of ED care. Triage is a patient’s first
point of contact with an ED and discharge of the role usually requires significantly advanced
clinical decision making ability by a nurse, without the benefit of prior diagnoses or
technology to assist. The Australasian Triage Scale (ATS) is a 5-tiered scale designed to enable
the “sorting” of patients with equity and efficiency (Richardson, 2004) according to level of
acuity (Australasian College for Emergency Medicine (ACEM), 2000; Department of Human
Services (DHS), 2001). It is a formalised process in all Australian government funded (and
most private) hospital EDs (ACEM, 2000), whereby patients are prioritised by experienced,
educated and specialty-qualified emergency nurses according to their level of need.
Emergency staff apply the following question to all patients upon presentation to an ED: “This
patient should wait for medical assessment no longer than... [minutes]” (DHS, 2001) and rank

them according to the following scale (Table 2.1):
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Table 2.1. Australasian Triage Scale guidelines for triage category allocation

Time frame Description of category
1 Immediate Immediately life-threatening
2 Assessment and treatment start within | Imminently life-threatening
10 minutes or important time-critical treatment

or very severe pain

3 Assessment and treatment start within | Potentially life-threatening
30 minutes or situational urgency
or humane practice mandates relief of severe comfort

or distress within 30 minutes

4 Assessment and treatment start within | Potentially life-serious

60 minutes or situational urgency

or significant complexity or severity

or human practice mandates the relief of severe
discomfort

or distress within 60 minutes

5 Assessment and treatment start within | Less urgent

120 minutes or clinic-administrative problems

ATS, Australasian Triage Scale

Source: DHS, Guidelines for Triage Education and Practice, 2001, p. 11

Patients with potential ACS fit into ATS Category 2 for at least two reasons described: First,
the syndromes are severe enough to cause death — a patient with ACS may have circulatory
compromise on arrival or may deteriorate rapidly without warning. Second, ACS is considered
a time critical condition — myonecrosis is likely to be exacerbated without the application of
suitable intervention within a rapid timeframe, as is the likelihood of myocardial electrical
rhythm disturbances (dysrhythmias) (Moser et al., 2005). The majority of patients with ACS
will also have pain, and therefore should usually fit into ATS Category 2 for assessment and

management of this symptom as well.

Formalised triage requires nurses learn to integrate a complex array of objective data which

consists of primary survey (whether a patient’s airway, breathing circulation or central

89



The DaME Il Study

neurological status are compromised), pain and neurovascular status, and subjective data
supplied by the patient or significant other to come to an initial working or provisional
diagnosis. The latter requires the triage nurse consider the patient’s chief complaint,
precipitation of symptom onset, mechanism of injury, time of onset and relevant history
(including medical, familial and drugs) (DHS, 2001). All of this is done within a matter of
minutes in the setting of a busy ED with various patient and family exigencies and institutional
interruptions complicating the process. The final decision relies on the triage nurse
formulating judgements (or inferences) that can include “probability judgements” and the

assigning of a specific Category (Cioffi, 1998, p. 184).

If a triage nurse decides it is likely a patient has ACS based on assessment and clinical findings,
the patient is taken through to the monitored cubicle area within the main section of the ED,
ideally within the 10-minute timeframe. If they do not come to this initial provisional
judgement, a patient may be assigned a lower ATS category that leaves them either waiting
for longer for treatment in the ED, discharging themselves against the triage nurse’s advice, or
seeking medical assistance elsewhere. Treatment delay is likely to increase mortality and
morbidity in ACS. Hence, “initiation of emergency care primarily depends on the decisions

made by the triage nurse” (Considine, 2000, p. 201).

If a patient is recognised to have possible ACS by the triage nurse, the nurse will generally
write brief comments indicating the objective and subjective assessment, and, depending on
the expectations and culture within an ED, will have recorded a plan for the patient to have an
ECG as a matter of urgency, with aspirin given concomitantly. Documentation by the triage
nurse is an important determinant of whether or not patients with ACS receive adequate care.
In a recent study, it was found that 10 percent of all patients had no documented symptoms
of AMI when they presented to EDs for treatment. The researchers concluded these patients
were less likely to receive aspirin and B-blockade within 24 hours, reperfusion therapy for

STEMI or to survive their hospitalisation (Schelbert et al., 2008).

Performance of an ECG soon after a patient is judged to have possible ACS is critical for
diagnosis of ACS and timely implementation of evidence-based care. Some studies have
advocated procuring the ECGs in technologically equipped ambulances and forwarding them

to the receiving institution to reduce delay to reperfusion in STEMI on arrival at the hospitals
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with good results (Clemmensen et al., 2005; Herlitz et al., 2002; Terkelson et al., 2002). An
early ECG is important for diagnosis and risk stratification and, depending on its interpretation
may result in the patient proceeding directly to a cardiac catheter laboratory for reperfusion
therapy, bypassing that hospital’s ED, or going to another hospital with these facilities. It has
recently been reported that ventricular repolarisation abnormalities on ECG are important
predictors for ACS complications and mortality in postmenopausal women (Rautaharju et al.,
2006), but this has been shown in women more broadly also (Triola, 2005). It must be noted
however, that the ECG taken soon after onset of ACS has low sensitivity for ACS and injury
cannot be safely ruled out (Aroney et al., 2006). Having said this, an ECG with the required ST-
segment changes, or new left bundle branch block (Rose & Kuhn, 2009), can “be the sole test

required to select patients for emergency reperfusion” (Aroney et al., 2006).

Another important test likely to be instigated soon after a patient with suspected ACS arrives
for treatment is blood assay for a chemical biomarker of myonecrosis (Collinson, 2000; Wilcox
et al., 2001). Cardiac biomarkers are recognised as important and sensitive for the diagnosis
of myocardial injury, however, like the ECG, they do not change immediately. Cardiac serum
troponin levels are the favoured biochemical tests for ACS, although they may not rise after
myonecrosis for 4 — 6 hours after the event (Aroney et al., 2006). The new high-sensitivity
troponin tests; Troponin | or Troponin T, are repeated at 6 hours after onset of pain to rule
out AMI if a negative initial assay does not capture myonecrosis (Aroney et al., 2006; Chew et
al., 2011). However, this is problematic because reperfusion therapy for STEMI or high risk
NSTEMI (AMI with serum troponin rise) (Aroney et al., 2006) should have been implemented
within 30 minutes for fibrinolysis and 90 minutes for percutaneous coronary intervention (PCl)

of the patient’s arrival at the ED (Chew et al., 2012).

Due to the potential delays described in these quantifiable measures of ACS, great importance
rests on the ability of the triage nurse to accurately triage a patient for ACS and assign an
appropriate level of acuity. Even if the triage nurse does suspect ACS and documents and
categorises the patient’s level of acuity accordingly, time may be lost waiting for ECG and CTn
changes to occur, or for medical staff to review the patient. Accurate evaluation of potential
ACS is a problem in both sexes; it has been estimated EDs turn away between 2 — 8% of
patients who are positive for the disease (Collinson, 2000; Pope, 2000), but a substantial

number of these are misdiagnosed (Collinson et al., 2006). Gauging an accurate proportion of
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women being misdiagnosed is difficult however; as health care professionals often fail to
recognise the signs and symptoms unique to women’s heart disease (Clancy, 2002), it is likely

the number being turned away is even higher.

2.1.2 Current understanding of triage nurse evaluation of women with ACS: the need for

review of the literature

Given the importance of expedient, but accurate triage of ACS and that it has been reported
that when compared to men, women are disadvantaged within ED systems and hospitals
generally due to under-assessment and under-treatment of the disease, appraisal of existing

evidence for triage of women with heart disease is essential.

The following article, published in the United States’ Journal of Cardiovascular Nursing, is a

literature review undertaken to explore and critique current evidence in relation to:

a. How triage nurses evaluate and prioritise management of women patients with ACS;
and,

b. Challenges associated with triaging women for ACS in the ED.

In the journal article, Kuhn et al. (2011) present a number of themes arising from the
literature which lead to difficulties in reaching accurate triage assessment of women for ACS.
Recommendations are made for future research to better understand and ameliorate

problems in assessment of women’s ACS and describes implications for ED nursing practice.
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2.2 Publication

Kuhn L, Page K, Davidson P, Worrall-Carter L. (2011). Triaging women with acute coronary
syndrome: A review of the literature. Journal of Cardiovascular Nursing, 26(5), 395-407.
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mergency department (ED) triage nurses are the

first health professionals to evaluate patients
within many acute health systems and therefore are
in a strong position to influence health outcomes.”
These nurses are ideally placed to enhance ontcomes
for patients with time-sensitive conditions because of
their responsibility for assessing acuity or urgency of
illness and assigning the order in which patients receive
ED care.™® For the management of acute coronary
syndrome (ACS), ED nurses are integral to determin-
ing the time to revascularization. ™

As the entry point for patients coming into hos-
pital systems via the ED, the triage role 1s central to
the efficient delivery of emergency care®™” and para-
mount to patient safety.**” However, this role is of-
ten undertaken in crisis-driven” and chaotic'® settings.
Decisions are made in the context of significant time
constraints, crowded waiting rcoms, and high patient
anxiety.

Arrival at a mage decision is recognized to be a dy-
namic process.'’ It is formulated based on patients’
chief complaints, clinical histories, general states of
well-being, and signs and symptoms.” Vital and other
physiological signs may not be used as often to inform
decisions as some recommend.” Competing demands
on ED nurses have been found to cause them to rely on
“pattern recognition” to reach triage acuity decisions.'
Because assigning lower triage scores than required for
ACS risks unnecessarily delaying treatment and in-
¢creasing cardiac muscle damage, examination of issues
affecting triage of these conditions is essential to all re-
liant on or involved in cardiovascular nursing.

Lirtle is known about how ED triage nurses for-
mulate decisions related to possible ACS and the fac-
tors that influence these. This article reviews issucs
arising from the literature involving clinical decision
making at ED triage for assessment and management
of women for ACS.

Literature Search Methodology

An advanced search using the EBSCOhost interface
was undertaken for CINAHL, Health Source Nurs-
ing Academic Edition, MEDLINE, and Psychology
and Behavioral Sciences Collection databases using
the following terms in Boolean Phrase search modes:
triage {friag*), women (female* or wom®* or gender*
or sex} and heart disease (heart or coronary or myo-
cardial or cardi*). This was supplemented with clec-
tronic searching of online thesis listings, Cochrane
Library Systematic Reviews, Joanna Briggs Institute
databases, and the National Guideline Clearinghouse
to identify other relevant articles not published in
professional journals. Articles selected included adule
population samples, which were peer reviewed and
published in English. Google and Google Scholar

search engines were also used to undertake a broader
search of the World Wide Web to improve completeness
of the search, The search technique was augmented by
hand searching reference lists for publications missed
during the primary scarch.

The review was focused on articles involving ED
nursing triage of women’s ACS from 1990 1o March
2010. Arricles were included if they pertained to ED
nurse triage of women’s heart discase or clinical deci-
sion making related to ACS of either sex at the time of
nursing triage.

When scarching subject headings in CINAHL
EBSCOhost, 308 results were returned. All citations
were reviewed to ascertain those relevant to the cur-
rent literature review. Seventeen of these records were
retrieved in full, having ruled out all others because
they failed to relate sufficiently to the topic of nurse
triage for ACS or examined other conditions such as
respiratory disease and traumatic injuries. Many also
described nonprimary ED decision-making processes
and were excluded. Six articles were found to be rele-
vant.”™® An electronic search was then undertaken
using the same terms in the Ovid MEDLINE (MeSH)
database. This was narrowed in the same manner as
described for EBSCOhost and uncovered 4 addi-
vonal articles. One of these mer the requirements
for this review.'” Searches of the National Guideline
Clearinghouse, Cochrane Systematic Reviews and
Joanna Briggs Institute databases, and Google and
Google Scholar search engines failed to locate addi-
tional articles. A review of online theses identified one
further article meeting the review requirements.”® Re-
wrieved artcle reference lists searched for articles missed
in the electronic searches failed to vield any more suit-
able references.

The search strategy identified 8 articles meeting
the search criteria (Table). The search included articles
that were prospective randomized controlled trials, ob-
servational studies, literature reviews, meta-analyses,
theses, and published confetence abstracts.

Literature Search Results
The articles highlighted through the scarch that met

the mclusion criteria are listed in the Table. All but
one were written by the same lead author {Arslanian-
Engoren) and emanated from the United States, includ-

ing the thesis. The other study was conducted across
muluple sites in Canada.

Literature Review Findings

Researcharticles are grouped by similar methods in the
current section to enable description and synthesis of
their findings and explicanon of themes. The earliest
record relevant to triage of women's heart disease by
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Literature Review Findings for Primary Emergency Department Triage Decision Making

in Women's Heart Disease

Author(s) Abstract
and Year Outline Summary
Arsianian-Engoren  Purpose of To cerive an Improved uncerstanding of the phenomenon of triaging men and women fo¢
(1999) [thesisF° studly CHD by exploring relationships between HCP inferences, knowledge and experlence,
patient sex, patient cues, and nage decisions
Sampiefoesigry A nonexperimental, descriptive design, and methodological triangulation were used.
method(sy Clinical vignettes were used to answer research questians, and focus groups were Lused
nstrumennt(s) to elucdate ED nurses” degsion-making processes in a “cross-sectional quantitative
aparoach’ with qualitative interviews (n = 260, 52% response rate)
Findings and ED nurses were unable to associate cues by midale-agec women identical to cues of
conclusion middle-aged men, 1o heart disease, Qlder patents were more likely to be allocated
high-acuity triage categories for presentations suggestive of CHD. Women were more
likely to have cues associated with respiratory and galloladder disease than heart disease,
than their male counterparts
Arslamian-Engoren  Purpose of To examine tnage deosiors made by ED nurses for patients with possible AMI The
(2000)"* study theoretical frameworks for this investigation were Hammond's fens model for dinical
Inference and Evan's Z-stage reasoning model
Sempefdesgry  This was a qualitative study with 4 focus group sessions conducted, The participants’ oral
method(sy descriptions were tape recorded, transcribed verbatim, and aralyzed using the thematic
instrument(s) content methad of Krueger
Findirgs and Several important issues influencing triage decsions were identified; patient presentatior,
conclusion nursing knowledge and expenence, practice environment, intuition, fear of liahility, and
sex-spedfic behaviors. ED nurses held different perceptions regarding the sgnificance and
likelinood of AM| for male and female patients seeking evaluation ard treatment. AM|
was not the first diagrosis considered in meddie-aged women. The aralysis conduded the
mability of ED nurses to assodate middle-aged women's presenting symptoms with M|
may contrinute to the increased morbidity and mortality
Arslanian-Engoren  Purpase of To examine whether ED nurses’ triage decisions veere different when the nurse was
(2001)'* study presented with smilar cues for AMI, but different patient sex
Sampleldesigry A non-experimental, desoiptive study was conducted, SO0 ED nusses were randomiy
method(sy selected 1o receve a malled clinlca wignette questionnaire. Data analysis Induded
instrument(s} descriptive, bivanate, and mwltivariate analyses
Findings and ED nurses perceived the middle-aged male vignette patent 1o be n need of more urgent triage
conclusion (tzp7 = 2.58; P=.01) and an admission to an ICU bed (% = 10.43; P= .001) and were
mare likely to consider a cardiac diagnosis in the male than the age-matched female
(%1 = 37.49; P < .0001) with ‘dentica presentation. No differences were noted in ekderly
vignette patents. Findings suggested sex tvas and ageism may account for disparities in
triage dedsons for middie-aged women with possible CHD
Arslanian-Engoren  Purpose of To exanyne the role of emergency nurses” trage decsons on recent research findings that women are
(2004)'® study less licely to receive aggressive reatment far ACS, and are more likefy to die after them
Sample/desicny 108 Triage dedsions made by 13 nurses were examined in this prospecive study 1o
method(sy determine if nurses” initial triage decsons could predict admission or discharge diagnoses
instrument(s) for ACS
Findings and There were ro differences in nurses” tnage deasions based on patient sex, race, or age. By
conclusion multvariate analysis, chest pain, history of CHD or AMI, and smokeng were predictive of an
ACS decssion. Overall, acouracy for predictiing admission diagnasis was poor. Sensitivity
and speaficity were 57% and 59%, respectively, with a positive predictive value of 68% and
a negatve predicive value of 56%. Predictions were also poor for discharge diagnosis,
Sensitivity and specfioty for discharge diagnosis were 55% and 69%, respectively, with a
positive predictive value of 17% and a negative predictive value of 93%. Findings indicated
limitations in nurses’ triage dedsions to predict admission and discharge diagnoses for ACS
Arslanian-Engoren  Purpose of To determine patient cues used by ED nurses triaging male and female patients with
(2005)'® study complaints suggestve of ACS and 1o determine if cues used to formulate clinical
inferences varied by patient sex or nurse demographic characterstics
Sampefdesigry  Using dinical wignetie questionnaires with different patient characteristics, ED
methodisy nurses’ triage decsions were evaluated to determine patient cues used to
instzument(s) predict ACS
Findirgs and Men and womer were equally |icely to be given an ACS triage dedsion, which was not affected
conclusion by nurses' demographic characteristics, However, nurses used different cues to triage both

sexes with complaints sugoestive of ACS, Female vgnette patents were more |liely thar
males o be assigned & suspected cause of cholecystitis for their presentation ina small subset
of 13 (11:2; OR, 1.653; 95% CI, 1.115-24.47; P = .036)

(continues)
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| Litevature Review Findings for Primary Emergency Department Triage Decision Making

in Women's Heart Disease, continued

Author(s)
and Year

Abstract
Outline

Summary

Arslaman-Engoren
and Engoren
2007)'

Arslanian-Engoren
(2009)'®

Aizema et al
(2009)"

Purpose of
stugy

Sample/desigry
method(sy
Instrument{s}

Findings and
concusion

Purpose of study
Sample/desigry
method(sy

Instrument(s)

Findings and
conclusion

Purpose of study

Sample/desigrV
method(sy
Instrument{s)

findings and
conclusion

To determine if GAs can be used 1o deapher the precicuon rules used by ED nurses 1o
triage patients suspecied of having ACS and to determine whether these rules differ
according to patent sex

3000 ER nurses were selected random’y to receive a mailed climcal vignette guestionnaire,
and B40 guestionnaires were returned in this nonexperimental, descriptive study.

Data analysis incduded BLR, development of a GA, sensitivity, specfiaty, ROC curves,
and Monte Carlo simulations

Nurses used different prediction rules for triaging male and female vignette patenis with
possibie ACS. Accuracies were similar between BLR and GA. Both had reduced loss of
pregictive accuracy when algorithms or equations developed on one sex were fested
on the other, Monte Carlo simulations showed smilar cues were used in triaging both
men and women, but were combined differently in producing GA, Using GA was found
10 yiels as accurate results as those attained by BLR, and It can be used 10 predict
nurees' triage decisions for ACS

To explicate cecisson-making processes of ED nurses who triage men and women for AMI

A qualinative, descriptive study was conducted using foous group methodology. A
synthesized conceptual madel was used 1o guide focus group discussions and begin
developing a conceptually based, quantifiable measure of ED nurses’ cardiac triage
decisions, The 12 participants’ oral descriptions were audiotaped, transcribed verbatim,
and analyzed using the Krueger content analysis method

When making triage dedsions for AMI anc assigning urgency status, ED nurses determine
underlying causes of patients’ chief complaints based on clinical presentation, patient
demographics, medical history, as well as their own attitudes, perceptions and beliefs,
nursing knowledge, and ED experience, Important patient cues indude general
appearance, vital signs, cardiac history, chest pain, and mode of transportation, Nurses
are knowledgeable of age and sex differences in AM| presentation. However, some
hold cultural biases and stereotypes that may Interfere with trage decision making

To examine triage of AM! (STEMI| and NSTEMJ) to determine if it s associated with
subsequent delays In processes of AM! management

A retrospecive cohort analyss of a population-based cohort of AMI patients admitted
10 102 acute hospitals in Ontario, Canada, from July 2000 to March 2001. Main
outcome measures were rate of low-acuity triage (CTAS I, IV, or V) among AMI patients
and [ts assodation with delays in D2ECG and D2N time

50% of AMI patients were given low triage scores, which was independently assodated
with substantia! delays in D2ECG and D2N, Statistically significant regression
parameters leading to delayed D2ECG time were being ma'e, with chest pain, in arrest or
shock, positive history of CHD, arrival by ambulance, betweers mudrnght and 4:00 A,
The quality of ED tnage may be an impertant factor-limiting performance on key
measures of AM care

Abbreviations: ACS, acute coranary syndrome; AMI, acute myacardial infarction; BLR, binary logistic regression; CABG, cotonary artery bypass ¢raft;
CCU, coronary care unit; CHD, coronary heart disease; CJ, confidence interval; CTAS, Canadian Triage and Acuity Scale; DZECG, time of arrival
("door’) to fimst electrocardiograph; D2N, time of arrival ("door’) to fibenalysis administration ('needle’); ECG, electrocardiograph; ED, emergency
department; GA, genetic algodthm; HCP, healthcare provider, ICU, intensive care unit; n, numeer of cases in sample; NSTEML, ron ST-elevation
myacandial infarction; OR, odds ratio; ACI, percutansous coronary intervention; ROC, receiver operating characterstic; STEM, ST-elevation
myocardial infarction; ¢, 1 statistic.

Arslanian-Engoren® highlighted in this search was
her doctoral dissertation. Her work covers a [0-ycar
period and incorporates a number of different tech-
niques. For her thesis, the author used a cross-sectional
quantitative approach augmented with gualitative in-
terviews to examine relationships between ED triage
stalf, knowledge, and experience, as well as patient sex,
patient cues, and triage decisions. Using identical clinical
vignettes in which only patient sex was changed,
Asslanian-Engoren found older patients more likely to
be allocated higher triage acuity scores for presentations
suggestive of heart disease. She found acute myocardial

infarction (AMI) was more casily differentiated in men,
with women more often being assigned triage acuiry
scores for perceived respiratory and gallbladder diseases.™

Two of the studies by Arslanian-Engoren were
qualitative.”*'® The researcher used focus group meth-
odology to explore triage decision-making processes of
ED nurses for men and women with cardiac illness.
Both studies analyzed data from 12 participants, and
although they did not state where or when the
sessions were conducted, there was variation in sex
balance, suggesting that some aspects of the studied
groups had changed. Similar methodology allowed

Copyright © 2011 Lippincott Williams & Wilkins, Unauthornized reproduction of this article |s prohibited,

96



The DaME Il Study

some comparison of how the triage nurses' knowl-
edge and decisions related ta ACS changed over time.

The carlier smudy found ED nurses were knowl-
edgeable of the differences in sex-specific presenta-
tions, but were unable to apply this knowledge to
middle-aged women's presentations with ACS."? The
ED nurse participants held differing perceptions of
significance and likelihood of women seeking care
for AMI than they did men."® In the more recent
study, Arslanian-Engoren’® reported the nurse par-
ticipants who toek part in another focus group study
remained knowledgeable about differences in ACS
presentation related o age and sex, but prone to
hold cultural biases and stereotypes that interfered
with clinical decision making at triage. Assessment
of urgency status and subsequent triage categoriza-
tion was assigned to patients according to their chief
complaints, demographic features, and history, in ad-
diton to the participants' own attitudes, perceptions,
beliefs, knowledge, and clinical experience. Triage de-
cisions were formulated using a number of important
patient cucs including general appearance, vital signs,
cardiac history, chest pain, and mode of transporta-
tion to the ED. Hence, issues remained similar over an
extended period for these sample groups.

Other research reported by Arslanian-Engoren
nsed clinical vignette questionnaires 1o expose patient
cues nsed by friage nurses to predict ACS in women
and men. The first of the studies using surveys involved
a mailed questionnaire with 3 clinical vignettes, sent to
500 emergency nurses {response rate, 52%; 260 respon-
dents). The vignettes were 3 identical scenarios, which
were developed in pairs, male or female,' Particpants
ranked up to S cues from the mformation provided on
a visual analog scale from least (0 mm) to most (100 mm)
for relevance in the triage decision. They were then
asked to rate how urgently the vignetre patients should
be evaluated (0, nonurgent; 100, urgent) on a 100-mm
visnal analog scale and whether patients should be ad-
mitted (and if so, o a general ward, electrocardiograph
[ECG-monitored bed, or intensive care umt) or dis-
charged home. Multiple regression analysis was used to
determine if cue relevancy scores could predict triage
urgency. The researcher concluded ED triage nurse sex
bias and ageism could account for disparities uncovered
in triage decisions for middle-aged women with vig-
nettes suggestive of heart disease."® This was at odds
with the contribution from the author's dissertation al-
ready described; that increased patient age resulted in
higher triage score allocation.™

In another study reported several years later, the
same researcher evaluated 108 triage decisions, which
were determined as necessary for medium effect size
using a power calculation for 8 predictor variables
(a = .05, power = 0.80) to evaluate triage nurse ac-
curacy of prediction for admission for ACS.' Analysis

1417

Triaging Women With ACS 399

of these data found no differences based on patient
sex, race, or age, but found that the overall accuracy
for admission prediction for ACS was poor. '

Findings published in the following article contra-
dicted the absence of sex bias in ACS triage.'® Using
a power calculation for 15 predictor variables, it was
determined that 952 subjects were required {small
effect size, a = .05, power = 0.80). A total of 840 us-
able questionnaires were returned, meaning the study
was underpowered according to the stated power analy-
sis. The researcher asserted that different cues were used
by ED nurses to determine clinical inferences for com-
plaints suggestive of ACS based on patient sex. Female
clinical vignette patients with ACS were more likely
than male vignettes to be assigned suspected diagnoses
of cholecystitis than ACS, despite identical symptoms. '

The researcher’s subsequent article, copublished with
a colleague, reported a 28% response rate to the mailed
questionnaires.'” The researchers developed a genetic al-
gorithm to predict nurses’ triage decisions for ACS with
reported success. They described a genetic algorithm as
a form of computing, which “cstablishes simple heu-
ristic rules for making a prediction of outcome, evalu-
ates the correcmess of these rules, changes or evolves
these rules, and evaluates the correctness of the new
mlcs."m"s";" They used this to determine if triage nurses
applied different reasoning and rules to formulate triage
decisions for men and women with suspected ACS. The
results of this study showed that triage nurses did use
different prediction rules when triaging male and female
clinical vignette patients for ACS. The cues they used for
both sexes were similar, but were combined differently
to formulate their decisions.

The final article listed in the Table describes a ret-
rospective analysis of a population-based cohort of
3088 patients with AMI admitted to 102 Ontarian
acute care hospitals for 9 months to March 2001."
Outcome measures were low-acuity triage scores using
the Canadian Triage and Acuity Scale for these patients
and its association with delays in arrival to treatment
time {door to ECG and door to administration of fi-
brinolysis). The rescarchers found half of the patients
with AMI were given mappropriately low Canadian
Triage and Acuity Scale scores, and this was associated
with significant delays in acquisiion of ECGs and ad-
ministration of fibrinolysis. They reported that being
male had a positive and independent effect on patient
median door-to-ECG tme for ACS, in comparison to
being female (P = .05). The rescarchers reinforced that
ED triage was an important factor limiling perfor-
mance on key measures of quality for AML"

A number of themes have emerged from the literature
search. First, presentation differences between men
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and women with ACS, such as chest pain and symp-
toms generally, may affect the quality of nursing
assessment. Second, advanced patient age can be
associated with inconsistency when triaging patients
with possible ACS, and finally, there appears to be a
pervasive sex bias when decision making for women
with ACS in the ED. The thematic contributions from
the literature search are placed in the context of
broader literature relating to assessment and manage-
ment of women's ACS, where it fits with the high-
lighted themes.

Because of the small number of articles and dif-
ferent methodologies used in their development, it is
not feasible to provide in-depth analysis of themes
from this literature alone. Other scientific articles are
used to build on themes arising from the reviewed
literature and inform the issue of triage of women'’s
ACS on arrival at EDs in the current section. Explo-
ration and synthesis of uncovered themes will be
provided here, which will lead into Summary and Rec-
ommendations for Future Rescarch, informing ave-
nues of further research aimed at improving women’s
access 1o timely management for ACS in the ED.

Presentation Differences Between
Women and Men With ACS

Two articles uncovered in this review reveal difficul-
ties associated with recognition of symptoms of ACS
in women by triage nurses.** This is consistent with
much of the literature published regarding symptoms
of women’s ACS. which has reported significandy
different presentations between the sexcs. 1 Althongh
there is some discord,™ literature gencrally supports
the presence of differences in symptoms™ ~© or in the
proportion of symptoms experienced,”

A significant propomon of women have nghl-snded
chest and arm pain.”® Others report no pain at all,*
Cardiovascular events in women are often heralded
by nonspecific symptoms, making differentiation from
other physiological and functional etiologies for them
and ED personnel problematic.® In a qualitative
study by McSweeney and Crane.’® 37 of 40 partici-
pants revealed prodromal symptoms occurred from 3
weeks to 2 years prior to their ACS events. McSweeney
and colleagues’ examined women's symptoms both
prodromally (before onset) and acutely (concurrent
with onset) for ACS. They deseribed a set of prodromal
symproms for ACS specific to women including un-
usual fatigue, sleep disturbance, shortness of breath,
weakness, anxiety, and chest discomfort.’! Acutely,
women are more likely to present with complaints
of unusual fatigue, dyspnea, dizziness, cold sweats, !
nausea,” weakness, and indigestion.”>** Prominent
throat, neck, and jaw pains have also been reported
acutely.

Atypical Nature of Women's
Symptoms for ACS

Time from arrival to assessment and management
for women with ACS in the ED setting tends to be de-
layed, compared with men’s according to numerous
studies. ™ Women's tendency to experience “atypical”
symptoms and signs for ACS is believed to account for
much of the time delays.*® Typical chest pain m ACS has
been historically defined by men’s experiences of ACS.*
Some claim this has resulted from past overrepresenta-
tion of men in studies related to heart disease.***
Symptoms reported to oceur are more likely to reflect
the male pattern for ACS, as are treatments based
on evidence from these findings.™

Chest Pain Is Central to Early ACS
Assessment

Chest pain is an important symptom examined in the
context of early ACS assessment becanse it 1s con-
sidered the “hallmark” characteristic of the syndrome’s
presentation.”! A number of decision algorithms for
predicting ACS in EDs rely on chest pain as a major
predictor of the syndrome.*”™ ™

Using chest pain as the key descriptor for assessing
women’s ACS in the ED is problematic for a variety
of reasons. First, a proportion of women do not pres-
ent with complaints of chest pain when experiencing
ACS, and this may be higher than in men. A recent
meta-analysis, for instance, calculated that 37% of
women and 27% of men diagnosed with AMI fail to
present with chest pain.®' Hence, chest pain should
not be the only chief complaint considered when as-
sessing patients for ACS, particularly women. Second,
if patients do not present with chest pain and this is
the symptom most likely to “trigger” suspicion for
ACS in the minds of triage nurses and other emer-
gency clinicians, it is difficult to gauge how many
ACS episodes have been missed. Emergency depart-
ment triage nurses have been found to rely on pattern
recognition when formulating clinical decisions,'
and if the patient presentations do not fit the pattern,
serions disease may be overlooked altogether, increas-
ing the time to initiation of any trearment and quan-
ity of permanent myocardial damage.

Another challenge for triage nurses may be that
even when the symptom is present, descriptors of chest
pain can differ markedly between sexes.™ One re-
search group argued men and women both experi-
enced chest pain equally, but, on finding perceptions
of chest pain differed between the sexes, proposed a
framework based on psychosocial, biological, physio-
logical, and anatomical differences to explain how
symptoms manifest.” This is problematic when apply-
ing current understandings of “typical” chest pain
because ACSs are more easily differentiated in men.”!
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When it is described as triage personnel anticipate it
to be, chest pain provides useful diagnostic cues for
the time-sensitive ACSs,'®!”

Triage Inconsistencies in ACS Related to
Advanced Patient Age

Triage score allocation for ACS has been found to
be inconsistent in articles highlighted in this review
because of patient age.'*?? Advanced age may lead
to both higher and lower triage score allocation for
ACS than required for optimal patient outcome. In
her thesis, Arslanian-Engoren” reported that older
patients were more often allocated higher acnity
triage scores than younger patients. This contradicts
other research, however, which report triage acnity
lcvcls ntgatncly correlate with increased patient

e, 9255 Hence, older age tends to attract lower
magc allocation for ACS presentations, which can
be detrimental to early revascularization and pre-
vention of cardiac damage.

Possible bias against patients of advanced age has
been examined for its potennally negative ramifica-
tions in ACS in other studies. A recent study by Han
et al®? found that clinical practice for ACS in the ED
did not reflect best available evidence for the elderly.
They found that older patients suffered significantly
higher 30-day mortality risk for ACS, but received
less testing, reflecting an age bias.” Magid et al**
argue that it is plausible the lower application of
evidence-based treatment is partially responsible for
the poorer ontcomes in older-age patents with AMI.
As women tend to present with their first ACS event
8 to 10 years older than their male counterparts,™ the
likelihood of undertriage (assigning lower than ex-
pected triage acuity score) for this patient population
15 potentially greater. Some researchers have noted
particularly high ACS mortality rates in women 65
vears or older.’™” Shaw and colleagues®® described
patients with heart disease who had combined old age
and female sex as becoming victims of mequality.

Advanced age brings with it an increased range of
comorbidities such as type 2 diabetes mcllnus, hyper-
tension, and chronic arthritic diseases.’” As women
are more likely to experience ACS after menopause,
they are likely to have acerued more comorhid ill-
nesses than men by the tume the syndrome mani-
fests.®®! Increased comorbidities have previously
been used to explain differences in ACS management
provided to men and women patients.®

Interestingly, recent studies have shown advancing
age in women and men leads to diminished percep-
tion of chest pain in ACS.*>** This may be pertinent
to the identification of ACS in newly presenting
older patients of ¢ither sex, when assessed by ED tri-
age personnel. They showed that such presentations
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were associated with the administration of fewer
evidence-based treatments such as revascularization
and pharmacotherapy. This, they proposed, led to
greater hospital morbidity and higher mortality in this
patient group, which included older women and
men.” > Similar results were found in a large study
(n = IO 783) across 10 hospital EDs in the United
States.™ Coronado et al*? concluded that heart failure,
age, female sex, and diabetes were most often asso-
ciated with painless ACS. They found that patients
who did not experience chest pain with ischemia were
less likely to be admitted to coronary care units, but
suffered increased hospital mortality.®

Sex-Related Influences From ED Triage to
Ongoing Assessment and Management

Literature featured during the current review purports
that women are assessed and managed differenty than
men for ACS during ED triage.!*'%1%20% Available
rescarch supports evidence of an ongoing and perva-
sive international bias against women’s ACS manage-
ment from the ame of triage, which negatively affects
their treatment through the remaining ED trajectory
of care.

Ina North American study, Lehmann et al®® found a
bias against women presenting to EDs with new-onset
chest pain, even when their symptoms were similar to
their male counterparts’. The timeliness to treatment
and ontcomes for women were also reported to be
poor in Ireland with women experiencing longer in-
hospital treatment delays than men for ACS in Dublin
EDs.® The interval from time of triage to physician
review for women was 30 minutes, compared with
20 minutes for men. This delay may have induced
delays to intervention in subsequent intervals; median
door-to-needle time was 70 minutes for women and
52 minutes for men (P = .02). Women also waited
longer to receive aspirin and were transferred to the
coronary care unit an average of 1 hour later than
men (P <.,0001). It has been shown that women are
more likely to be discharged premarurely from EDs
with ACS.®” A number of researchers have closely ex-
amined time to treatment for patients with ACS in the
ED.'?¢%4%5% Al] have found issues of inequity of ACS
management, which have constituted quantifiable bias
against women’s treatment for ACS.

Literature indicates that there are significant dif-
ferences in assessment and management of women
throughout the care pathway in acute hospital set-
tings, beyond EDs.®%*%*75% The problem is not new;
the phrase “Yent] syndrome™ was coined almost 20
years ago in a New England Journal of Medicine arti-
cle outlining sex bias in treatment for women's heart
discase.”™ It has since been invoked to illustrate find-
ing that even when clinical and nonclinical predictors
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of admission were controlled for, women were signifi-
cantly less likely to be admitted to hospital for chest
pain or to have diagnostic tests than men.””

Rescarch continues to show women are less likely t
undergo revascularization procedures than men, *©7 =
Women also receive less evidence-based pharmacother-
apy than men, including amicoa%:xlauon, B-blockade,
statins, and antiplatelet drugs.’®"*7® Swedish re-
searchers compared outcomes for women and men
with chest pain or other symptoms suggestive of AMI
who had normal ECGs.” Men were admitted to coro-
nary care units more readily than women, and although
women developed less AMIs, they had equivalent in-
hospital mortality as men and during their first year
subsequent to this presem;uion.’—"

Jneid and colleagues™ believe less aggressive ad-
ministration of therapy is likely part of the reason
WOMEN are more prone to experience premature death
when admitted with ST-clevation myocardial infare-
tion than men. Contemporary research has shown that
inadequate use of evidence-based management for
women’s ACS also occurs in Australia,” where al-
thongh knowledge among physxcxans is good, appll-
cation of evidence to practice is inconsistent or poor.”

Summary and Recommendations
for Future Research

The current literature review describes the triage of
women patients with ACS in the ED. All but 1 of the
8 articles revealed challenges. The article that differed
most from the others'® was itself, contradicted a year
later in a similar but larger study by the same re-
searcher.'” Since the early publication of the longi-
tudinal Framingham study acknowledging that heart
discase is in fact an important cause of mortality and
morbidity in women, ’ research has continued to
show the global heart disease burden for them is not
diminishing at the same rate as men s *® It remains the
greatest killer of women worldwide.®'

Literature uncovered through this review indicates
the urgency of women's ACS is neither always Fecog:
nized nor managed with parity to that of men.* %%
The importance of women’s heart disease remains
underestimated by health professionals.***%* This
underestimation is said to be partly responsible for the
underrecognition and undertreatment of heart disease
in women in hospitals.”

Underestimation of Prevalence
of Women’'s ACS

Emergency department clinicians have been shown
to underestimate women's ACS risk,'***** which can
have dire consequences at the stage when most can be
done to prevent myocardial cell damage. Timely re-

perfusion for ACS has positive effects on patient mor-
tality and morbidity.** Yet, in a recent large study in
the United States {n = 78 000}, it was found that
women with AMI presenting to EDs received less carly
aspirin, p-blockade, reperfusion, and timely reperfu-
sion than men.’® They also received less cardiac
catheterization and revascularization procedures after
AML**% Similar disparities against women are iden-
tified in numerous studies internationally,®7*7487-5¢
Despite acknowlcd§ n% that rime to treatment is a
critical factor in ACS,*™ there is very little research
addressing time delay from the ume affected patients
present to the triage desk. Triage is a developing
concept” ! in a relatively new specialty.” Research of
the role has intensified in the last decade in recog-
nition of the effect trmgc nurse decisions have on
subsequent ED care.” The primary aims of triage are
to ensure patients with hfe-threatening conditions
are assessed accurately and managed expeditionsly.”
Themes arising from the literature reveal sex-related
differences for ACS treatment at ED triage, most likely
due to underestimation of the prevalence of the syn-
dromes in women.”®"* Extensive evidence supports
women are treated differently for ACS during ED and
inpatient trajectories of care, Some rescarchers have
labeled this “gender bias”®*"* and believe it is respon-
sible for many disparities experienced by women.*”
Themes from this literature review suggest a number
of reasons women may be undertreated for ACS in
the ED, likely related to differences in symptoms, age,
comorbid illness, and an unwillingness to accept ACS
to be so prevalent in women. The themes suggest
women's sex may influence their triage and subsequent
assessment and management for ACS, but they do not
portray an intentional bias against women. In fact, it
has been shown if either a man or woman presents to
an ED with ACS, time to treatment may be delayed if
he/she does not fit the “pattern” expected for a patient
with ACS.” Chest pain, for instance, is seen to be
central to accurate assessment of ACS; Bricger and
colleagues™ found that pancnts who failed to present
with the requisite chest pain with ACS had delayed
treatment and worse outcomes, regardless of their sex.

Assessment of ACS Is Based on
Men's Experiences

Literature illustrates that women’s ACS is often not
anticipated by many ED triage nurses.”® ' Even if
the nurses are knowledgeable about the syndrome’s
symptoms in women,'® they are less likely to triage
according to expected category for ACS if the pat-
tern of presentation is different than men's. This is
not surprising, given that most rescarch has histori-
cally involved male participants.”” Despite concerted
efforts by investigators, particularly in the United
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States,*! 1o include more women in cardiovascular

trials, some continue to argue that women's cardio-
vascular health remains underresearched. *®*'** This
has led to what has been called a “gender-neutral”
understanding of heart disease.” Women are
assumed to present with the same symptoms as
men and the same therapeutic needs. Lockyer™™ calls
for health professionals to “develop a clearer under-
standing of the nature of CHD [coronary heart dis-
ease] as it affects women and develop an evidence
base that underpins..." it.”*"'** There is much scope
for rescarch to understand how to convert knowledge
of differences in ACS presentation in women into
consistent evidence-based practice. Research needs to
be undertaken to determine if it is possible to improve
access to timely management for women with ACS
through further increasing awareness of the syndrome
among ED triage nurses and their colleagues, or if
behavior is better modified in a different way. Re-
search has previously shown that changes on 12-lead
ECGs are predictive of increased cardiovascular events
and mortality in women who are asymptomatic,”” so it
may be useful to promote performing more ECGs in
women who present to EDs with a broader range of
complaints.

Pattern Recognition for ACS

Emergency department triage nurses operate under con-
ditions of ongoing time constraint and often in rapidly
changing scttings. To enable them to function in their
role and assess all patients as they present to the ED,
they need to be able to formulate decisions promptly.
One of the methods they use to do this is by pattern
recognition. Arslanian-Engoren'” labeled these pre-
diction rules. She argued that triage nurses use “cues”
to enable them to formulate dinical inferences to pre-
dict likelihood of patients presenting with ACS.'® Pa-
tients whose complaints, physical auributes, age, sex,
and comorbid conditions fit certain patterns for ill-
nesses are assigned a triage category based on the proba-
bility they are experiencing a particular condition.
Cioffi* calls this a probability judgment. A patient who
is experiencing an ACS should be given a high rriage
score to enable carly revascularization and reperfusion
of ischemic myocardium. However, for a trage nurse
to judge it probable the patient is having this con-
dition, hefshe needs to recognize a pattern or series of
cues to enable the formulation of the triage judgment
or inference. Symptoms mcluding chest pain and demo-
graphic features such as patient sex, age, and comorbid
illness all trigger probability judgments necessary to
come to an appropriate triage decision, only if they
are anticipated as possible cues for ACS. If the triage
nurse does not arrive at this judgment, identification
of ACS may be overlooked or delayed.

Triaging Women With ACS 403

Regardless of a triage nurse’s knowledge or inten-
tion to expedite all patients with ACS appropriately,
preconceived notions such as expected prevalence of
ACS in women affect triage nurse decisions. This was
evident in several of the studies located in the litera-
ture review.' %" Despite being knowledgeable of
women's ACS experiences, triage nurses were unable
to associate ACS with middle-aged women,'” Identi-
cal presentations ehcted different responses from tri-
age nurses based on patient sex.””

Future rescarch is required to ascertain if it is pos-
sible to increase ED tniage nurse awareness of the range
of ¢cues for ACS and when it 1s necessary to delve fur-
ther into a patient’s presentation to avoid missed or
delayed recognition of time-sensitive conditions. The
use of pattern recognition is an important adjunct to
the triage nurse’s advanced assessment skills because it
enables rapid categorization for commonly presenting
illnesses, such as ACS. While it is important to retain
the ability to triage large numbers of patient arrivals in
a shift, the evidence that not all ACS presentations are
the same needs to be built into clinical assessment, Re-
search needs 1o show how triage nursing can be un-
dertaken with expedience, while reducing the risk of
overlooking what does not fit the usnal mold for ACS.

Limitations

An extensive search of multiple resources revealed a
small number of scientific articles seeking to better
understand primary ED triage decisions for women
presenting to EDs with possible ACS, making mean-
mghul comparison difficult. The prime limitation of
the literature review was that most of the research
and therefore discussion were provided by 1 lead
author {Arslanian-Engoren). Although this work is
valuable and examination of the subject would be
limited without it, this may portray a singular view
of the subject. This researcher has, however, used
various methods that have been well explicated and
arrived at similar conclusions. Hence, her research in
this area is of great value.

A second limitation is that investigation was limited
to North American EDs. Issues affecting these EDs
may differ from others internationally, Each was done
using S-tier triage scales {0, lowest urgency, to 3, high-
est urgency). Such triage scales have been described as
the most valid and reliable methods for stratifying
patients for clinical urgency.' '™ Similar S-tier scales
are also used in the United Kingdom, Australia, and
New Zealand,'™ which may increase the compara-
bility and relevance of these findings in these coun-
tries also.

Although some objectives were similar, there wasno
consistency across stndy designs, which meant com-
parable conclusions conld not be reached. Multiple
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Clinical Pearls

B Emergency nurses play an important role in enabling early
reperfusion therapy in acute coronary syndrome (ACS)
for women and men through accurate and trely triage,

W |ssues induding female gender and advanced age may
predude accurate tnage of ACS.

W An understanding of the issues related to dinical decsion
making at triage in women and aged patients with
potental ACS may improve timebness to management
and therefore, outcomes for these patients.

methodologies were used; hence, meta-analysis conld
not be undertaken. A number of studies were qual-
itative in nature, and results were not generalizable
beyond the participant groups described. Sample sizes
in the focus group studies were small,"**® which is
suitable for this methodology.'®

Implications for Practice

A number of rescarch projects have addressed dclazs
to reperfusion for patients with ACS in EDs, ' "7
These have included studies to measure and/or
improve door-to-reperfusion times for patients man-
aged in EDs with potential ACS.' Considering the
primary role triage nurses play in expediting man-
agement for all ED patients, particularly those with
time-sensitive conditions such as ACS, studies specifi-
cally examining cardiac triage decisions in women and
men are surprisingly rare. Canadian rescarchers re-
cently determined that more than half of all patients
with ACS failed to reach benchmark times for re-
perfusion.’” The situation may be deteriorating, with
only 40% of ogaticms reportedly undertriaged in the
carly 1990s.'"

The implication is that there is a great deal to be
done in terms of ACS management for women at the
time of ED triage internationally. Evidence is not
being applied satisfactorily to practice.''” Despite in-
creasing rescarch efforts aimed at redressing short-
ages of evidence for women’s heart disease, ~ there
appear to be a number of gaps in the literature re-
lated to this issue. There are no recent reports evalnat-
ing triage category allocation and padent ontcomes
for ACS. Litde is known about current ED nursing
knowledge of women’s ACS, or how nurses make de-
cisions at ED triage for patients of either sex with
possible ACS outside North America.

Strategies need to be devised, tested, and eval-
uated to ensure that women'’s presentations for ACS,
even when atypical, are evaluated and expedited ap-
propriately. To do this, the authors recommend a sys-
tematic suite of studies to examine current knowledge
base requirements, assessment practice, and process-
related constraints to accurate assessment of ACS in
women at varions management time points. This would

mclude studies using various designs such as case study,
staff survey, and medical record audit with mixed quan-
titative and qualitative methodologies to ensure not
only breadth but also depth to this important area of
rescarch, With the benefit of thorough understanding
and stakeholder input, evidence would be more readily
implemented into ED practice.
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2.3 Summary

ACS has been established as one of the most serious and time-critical diseases managed in the
ED setting. It is well recognised that morbidity and mortality rates can be improved markedly
if effective evidence based therapies are administered before myocardial ischaemia and
infarction become necrosis. ACS, particularly the ST-elevation myocardial infarctions
(STEMs), are time-sensitive diseases. Numerous studies have been conducted with the
intention to measure and reduce time to percutaneous coronary intervention (door-to-
balloon time) in the cardiac catheter laboratory, but surprisingly few of these have focused on
management provided in emergency departments (EDs). Time to commence treatment in
EDs can be broken down into smaller parts or stages and each evaluated and optimised for

reduction of delay in treatment provision for ACSs, particularly STEMIs.

Most of the ED-based studies have failed to examine the important function of triage
evaluation and assignment of priority based on perceived clinical urgency. Unfortunately
there has been little systematic data collected around the ED nursing management of AMI,
which means many of those involved in the care of these patients have not had input into the
decision-making on research undertaken in this area. This literature review provides an
important examination of the role of the ED triage nurse in relation to patients with suspected
ACS. This role is unique for a number of reasons already discussed; the extensively educated
and experienced ED triage nurse specialists work in a chaotic, busy, noisy environments and
evaluate an unlimited number of patients in a shift. The patients arrive without appointments
in a wide array of cognitive, emotional and physical states, often without any diagnoses. The
triage nurse then sifts through information available to them, including what they observe,

are told, and what they ‘know’ are common patterns of presentation for particular diseases.

This literature review has provided insight into the role of the triage nurse and therefore, the
role of the professional responsible for assigning hierarchical order to each patient’s level of
acuity upon presentation at ED triage, the usual entrance point to acute care hospitals. It has
located, critiqued and synthesized available published literature involving clinical decision
making at ED triage for assessment and management of women for ACS. It provides

important information regarding the first of the ED stages that should be measured and
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where necessary, manipulated to ensure the most is being done to reduce delayed
implementation of evidence based treatment, thereby optimising outcomes from this
important and time-sensitive condition. A number of issues have been described which have
been found to influence the application of evidence based practice, particularly in women,
who continue to be the most disadvantaged sex for management and outcome from heart
disease. The literature review identified women with AMI were often challenging for ED
nurses to triage accurately due to gender, older average age and tendency to experience

atypical symptoms.

All of the research reviewed was conducted in North America and none investigated whether
findings from these studies are relevant in contemporary triage nurse practice in Australian
EDs, where the validated 5-tiered Australasian Triage Scale (ATS) is employed. It is unknown if
patients presenting to EDs in Australia are triaged with equity based on sex and whether or
not time to treatment onset for suspected ACS is actually affected by triage score allocation,

thus providing the impetus for the database research presented in Chapter 3.
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Chapter 3

The influence of patient sex on triage score
allocation and treatment onset time for women
with heart disease

Kuhn L, Page K, Rolley J, Worrall-Carter L. (2013). The impact of
Chapter 3 patient sex on triage score allocation for acute myocardial
infarction in Victorian public emergency departments and effect
Research on times to treatment. International Emergency Nursing; open

access.

3.1 Background

Coronary heart disease (CHD) is the number one killer of women worldwide (World Health
Organization (WHO), 2008). A number of factors continue to thwart efforts to reduce the
impact of the CHDs; acute myocardial infarction (AMI) and unstable angina pectoris, known
collectively as acute coronary syndrome (ACS), on women including under-evaluation and
under-treatment (Jneid et al., 2008; Kaul et al., 2007; Radovanovic et al., 2007; Rosenfeld,
2006). Mortality rates and morbidity occurrence in ACS is proportional to myocardial damage
resulting from prolonged blockage of coronary arteries. Delayed reperfusion of occluded
coronary arteries in ACS is thus, an important factor that needs to be minimised at initial

stages of acute care from the moment symptoms occur.

A patient’s early presentation to an emergency department (ED) for ACS enables instigation of
prompt revascularisation, potentially aborting or minimising significant myocardial damage
and reducing mortality and morbidity. When patients arrive at Australian EDs, they first
present to the triage nurse for evaluation and assignment of level of acuity. The level of

acuity, ranked 1 — 5 on the Australasian Triage Scale (ATS) denotes priority given to their

112



The DaME Il Study

clinical urgency (Table 2.1), as assessed by the triage nurse. The number assigned guides the
maximum timeframe in which a patient should have treatment commenced by an ED doctor
or nurse (Department of Human Services (DHS), 2001). The hierarchical ranking of patients
for order of priority is a process central to the proper functioning of all Australian EDs and is

primarily dictated by the triage nurse’s evaluation of each patient’s clinical urgency.

The review of the literature provided in Chapter 2 has demonstrated a number of patient
variables other than clinical urgency confounding accurate ED triage of women experiencing
ACS from the USA and Canada. Women with AMI were reported to be more challenging for
ED nurses to triage accurately due to gender, older average age and tendency to experience
atypical symptoms. It cannot be assumed that the same issues concerning inaccuracies in
triage of ACS occur in Australia however, due to notable differences in the healthcare system,
the triage system and general patient profiles to those in North America. It is not known if
patients presenting to Australian EDs with suspected ACS are triaged with equity based on sex
and whether or not time to treatment onset for ACS is actually affected by triage score

allocation, thus providing the impetus for the database research presented in Chapter 3.

An improved understanding of triage patterns for ACS according to patient demographic
characteristics at Australian EDs is integral to ensuring benefit from early treatment of the
time-sensitive disease is maximised in Australia. The focus of this component of the DaME I/
research programme relates to what happens when patients present to EDs in Victoria,
Australia with possible ACS from the perspective of triage priority allocation in the ED system.
As has been discussed, international research investigating other aspects of ED management
for ACS have shown women are more likely to be discharged prematurely from EDs with ACS
(Kaul et al., 2007), and are less likely to undergo revascularisation procedures (Jneid et al.,
2008; Kaul et al., 2007; Radovanovic et al., 2007; Rosenfeld, 2006), but little is known about
patterns of triage and presence of any avoidable delays from arrival at triage to treatment
onset in Australia. This poor understanding of the efficacy by which women and men are

triaged in Australian EDs for ACS, leads to the aims of this project:

1. To describe and compare the allocation of ATS scores for women and men for ACS
across Victorian public hospital EDs; and

2. To examine the impact triage score allocation for ACS has on treatment times.
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3.1.1 Effect of patient sex on triage for suspected ACS and associated treatment onset

times: the need for analysis of ED data

A central tenet of the Australian Government’s National Health System Performance
(Australian Institute of Health and Welfare (AIHW), 2012) framework revolves around equity
within the health system. Given that women have been shown to have been treated with
inequity compared to their male counterparts in other areas of primary and secondary
healthcare (Anderson & Pepine, 2007; Redberg, 2006), it is essential that gaps in ED care are
identified so they may be ameliorated. Research undertaken in North American EDs has
indicated that accurate triage of women with ACS is more difficult than for men for a number
of reasons. The triage role is unique in the hospital system and an integral component of ED
care delivery. It is unknown if triage is provided with equity to both sexes with suspected ACS
and whether evidence based, time-sensitive therapy is available to men and women equally

with ACS in the Australian context.

The following article, published in the United Kingdom’s International Emergency Nursing
journal (formerly, ‘Accident and Emergency Nursing’), is original research undertaken to
evaluate triage equity between the sexes and the effect on treatment onset times for ACS and
AMI. It has arisen from the premise of this DaME Il study; that diagnosing and managing
ischaemia and infarction early is central to ensuring equity in healthcare and optimising

patient outcomes from ACS in women.

The manuscript presents analyses from retrospective audit of triage score allocation and time
to treatment onset for patients presenting to Victorian (Australian) EDs with diagnoses or
symptoms that could perceivably have been triaged as suspected ACS (AMI; unstable angina
pectoris, UAP; stable angina pectoris, SAP; and chest pain), and then separately for those who
were eventually diagnosed with AMI. Recommendations are made for future research, which
will require improved linking between datasets held by public agencies to better understand

disparities in ED triage practice.
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3.2 Publication

Kuhn L, Page K, Rolley J, Worrall-Carter L. (2013). Effect of patient sex on triage for ischaemic
heart disease and treatment onset times: A retrospective analysis of Australian emergency
department data. International Emergency Nursing; open access.
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Introduction

of women for AMI in the emergency department (ED) (Asslanian
Engoren, 2000; |neid et al, 2008). No rescarch regarding the effect

Mortality rates from acute myocardial infarction (AM1) have im-
proved considerably In Australia and most other westernized
countries over recent decades (Mackay and Mensal, 2004; ATHW,
2013), Slower improvements in outcomes associated with wo
men's AMIL, when compared to men's have previously been attrib-
uted to under-assessment, under-diagnosis and undes-treatment
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of ED nurse triage on treatment times for ischaemic heart discase
(IHD), including AML stable and unstable angina and chest pain
likely to be of cardiae origin was located, prompling us (o test
our hypotheses that women are more often undertriaged than
men for THD and undilferentiated chest pain, resulting in delays
in women's treatment.

Published Australian research for triage of women's heart dis-
ease 18 lacking however a recent literature review has identified
pervasive sex related influences working against women from
triage through to early ED treatment in North American EDs
(Kuhus e al, 20110 This may be partly attributable to differences
in symptoms reported by women experiencing AMIS (Acslanian-
Engoren et al, 2006; DeVon et al, 2008; Canto et al, 2012)
However, other research has shown women with new onset of
chest pain received different treatment to men in EDs, even
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when their symptoms were similar (Lehmann et al., 1596), Tri-
age nurse biases and use of stereotypes have been found 1o neg-
atively influence triage of women with AMI in Nerth America
{Arshanian-Engoren, 2009), One study concluded nurses' inabili-
ties lo “associate middle-aged women's presenting symptoms
with MI (myocardial infarction) may contribute to the increased
morbidity and mortality experienced by this population™
(Arslanian-Engoren, 2000: p. 117}

One of the most important developments in AMI therapy over
recent decades has been the early revascularisation of affected
coronary arteries by pharmacologic or mechanical means. There
has been considerable interest in establishing the superiority of
one method over the other, yet time delay between symptom
onsel to commencement of treatment is considered an mmportant
obstacle to positive results (Boersma, 2006; Gibson et al, 2008;
Rathore et al, 2009), According to current Australian and New
Zealand guidelines, revascularisation therapy for AMI is ideally
undertaken in less than 90 min from the point of contact with
health carers (Aroney et al, 2006), These narrow time-frames
are consistent with the latest Amerian Heart Association
(O'Gara et al, 2017) and Ewropean Society of Cardiology (Steg
e al, 2012) guidelines. They are generally more important for
patients with ST segment elevation myocardial infarction (STE-
MI) than non-ST segment elevation myocardial infarction (NSTE-
MI) (Aroney el al, 2006; O'Cara et al., 2013). Differentiation of
STEMI from NSTEMI is not possible at the point of triage unless
the patient presents with an ECG with confirmed changes, so all
suspected patients with AMI should be treated with haste until
the provisional diagnosis is determined and the patient stabi-
lised. The time-dependent nature of AMI requires expeditious
patient triage upon arrival and immediate transfer through to
the ED treatment area for rapid application of evidence-based
therapy. Australian EDs employ the Australasian Triage Scale
(ATS) to assess all presenting patients on arrival.

The ATS is a 5-tiered scale designed to enable the “sorting" of
patients arviving at EDs according to level of physiologic urgency
(Australasian College lor Emergency Medicine, ACEM, 1993;
Department of Human Services, DHS, 2001), Urgency is defined
as the need for time-critical intervention, rather than disease
severity or likelihood of patient admission {ACEN, 2000} Patients
with STEMI represent a time-critical cohort where delay of even
a few minutes may be clinically consequential {De Luca et al,
2004; Rathore et al, 2009). All patients with AMI require early
treatment until stable. Unless in cardiopulmonary arrest or
shocked (such affected patients require ATS Category 1), patients
with AMI, ongoing angina or chest pain likely to be of cardiac origin
should receive ATS Category 2 on the basis of the illness potentially
being a life-threatening, time-critical and generally a painful con-
dition (DHS, 2001; ACEM, 2006). Patients allocated ATS Category
2 should bave treatment commenced within 10min (ACEM,
2006). "Treatment’ within this context includes procuring and eval-
uating an ECG.

Patients with AMI or other conditions not readily differentiated
from AMI triaged to lower acuity than ATS Category 23, 4 or 5) are
considered to be ‘undertnaged’, whereas those who receive the
recommended triage category for AMI receive ‘expected’ or ‘cor-
rect’ triage (Hollis and Sprivalis, 1996), Undertriage may lead to
longer waiting times and increased risk of adverse patient out-
comes {Considine et al., 2001},

This paper will present findings from a retrospective audit of
five consecutive vears of contemporary State Government of Victo-
ria, Australia administrative health data to establish if patients
with AMI, unstable or stable angina or undifferentiated chest pain
are traged differently according to their sex and if so, whether this
influences time to treatment,

Methods
Design and setting

A retrospective analysis of non-identifiable Victorian Emergency
Minimum Dataset (VEMD) data on adult patient presentations for
the diagnoses; AMI, unstable angina pectoris (UAF), stable angina
pectoris (SAP) and chest pain {CP) reporting to Victorian public has-
pital EDs between 1 july 2005 and 30 June 2010 was conducted. We
sought to establish the number and proportion of men and women
receiving correct triage for these diagnoses, to compare equity in
triage score allocation and evaluate mean times to onset of ED treat-
ment for patients groupex by triage score and sex.

Selection criteria

In Victoria, the State Government Department of Health (Dot}
routinely collects data for all ED patient presentations regarding
patient sex, triage score allocation, time to treatment and principal
diagnaosis in the VEMD. Data for patient presentations to all non-
specialist regional and metropolitan Victorian public hospital EDs
(1= 34) were collected for five years (2005-2010). Specialty hospi-
tal EDs, whose staff do pot routinely triage patients for AMI were
excluded from data collection. Private hospital ED presentations
were excluded because not all were reporting complete data to
DoH for the entire study period,

Presentations classified as alive on arrival, and aged between 18
and 85 years were obtained using the International Classification
of Diseases, 10th Revision Australian Modifications (ICD-10 AM)
for the principal diagnoses: AMI (121.9); UAP (120.0); SAP (1209);
and with complaint of chest pain {R07.4). All were selected to ob-
tain an overview of friage patterns for presentations which may
have prompted triage nurses to consider patients potentially expe-
riencing AMI at the time of triage, The data were then filtered for
121.9 specifically to evaluate equity in triage score allocation for
patients diagnosed with AML The VEMD does not differentiate be-
tween STEMI and NSTEMI, which would have been our preferred
option, had it been available.

Data collection

Data were requested from the custodians of the VEMD for vari-
ables including age, time to treatment, ICD-10 AM code (hereafter,
ICD), patient sex and ATS score allocation, and provided to the
researchers in non-identifiable digital datasets.

Statistical analysis

All data were transferred 1o SPSS Statistics Version 18.0 {SPSS
Inc., an IBM Company, Chicago, Ill, USA) software, where string
data fields were allocated numerical codes, examined for missing
values, outhers and accuracy of data entry. Distributions were
checked for normality with the Lillefors test.

Frequency tables were used to provide descriptive statistics for
independent variables { patient sex and triage score allocation) and
dependent variables (triage score allocation and time to treat-
ment), for all diagnoses combined, followed by selection for AMI
separately. Independent-samples (-tests were conducted to com-
pare times to treatment for men and women for all selected diag-
noses and also for AMI singly. AMI, as the most time-critical of the
identifiable cardiac event presentations, was analysed and re-
ported separacely,

To determine mteraction effects when patient sex and triage
score allocation were added to the investigation, we applied one-
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way analysis of variance {ANOVA? and two-way between-groups
ANOVA, allowing the examination of individual and joint effects
of the two independent variables on the dependent variable.

Main outcome measures were triage score allocation propor-
tions and mean times to reported onset of treatment for males
and females. All tests of statistical significance were 2-tailed, with
a P value < 0,05 considered to be statistically significant.

Ethics approval

The Australian Catholic University Human Research Ethics
Committee approved the study (HREC V2009 83). The Victorian
DPepartment of Human Services ‘Conditions of Release of Patient
Level Data Sets' were also met.

Results

Demographic and diegnostic characteristics

A total of 261,628 patients presented to Victorian EDs between
1 July 2005 and 30 June 2010 with AMI, UAP, SAP or CP (Table 1),
The mean age for all male (n=146603) presentations was
5329 vears {SD 16.04) and 57.63 years (SD 16,69) for females
{n=115025). As shown in Table 1, chest pain was the most com-
mon principal diagnosis assigned to women and men.

A total of 21,080 patient presentations were assigned a princi-
pal diagnosis of AMI, accounting for 5.8% (n = 6,638) of extracted
women’s presentations and 99% of men's presentations
{n=14442), Women with AMI were an older average age
{mean = 68.97 years; SD 12.25] than men {mean = 62.84 years; SD
132.07, #21,078), P <0.001).

Table 1
Baseline charactenstacs of patient presentations o Victorian public EDs fram Jaly 152
2005 to June 30th 2010 wath AMI, UAP, SAP and CP diagnoses.

Varuable Total n (X) Waomen n (%) Men n (%)
AMI 21080 (8.1) 6638 (5.8) 14,442 (9.9)
UAP 25319(8.7) 9677 (84) 15642 (107)
SAP $648 (3.7) £198(3.7) 5449 (17

cP 205581 (78.6) 94511(82.2) 111,070 (758)
Extracted togal 261,628 (100) 115,025 (100) 146,603 (100)

AML acute myecardial mfarction; CP, chest pasn; EDs, emergency departments: SAP,
stable argina pectoris; UAP, unstable angina pactoris

Triage categories

As shown in Table 2, a narrow majority {133,626; 51%) of the
total presentations (n = 261,628) were allocated ATS Category 2.
A greater proportion of men (n = 77 ,846; 53.1% of all males] were
allocated Category 2 compared to women (= 55480; 48.23% of
all females; P < 0.001). More women were allocated both ATS Cat-
egories 3 (P<0.001) and 4 propertionately (P <0.001) than men.

A larger proportion of male patient presentations with AMI
were allocated ATS Category 2 than were females with the same
diagnosis {1able 2). The difference in probability of a male with
AMI being allocated Category 2, as opposed to a female was statis-
tically significant {OR 1.45; 95% C1 1.37-1,55; P< 0,001}

Time to treatment onset

The mean reported time to onset of treatment for all patient
presentations across all triage categories for all diagnoses
(n=261,628) was 19.07 min (5D 35.49). For males, the mean treat-
ment thme was 17.86 min (SD 33.68) and for females, 20.61 min
(SD 37.63, t(261,626)~- ~19.678, P<0.001), For all diagnostic
groups combined, and then filtered for AMI separately, there were
no differences in mean treatment times if patients were given ATS
Category 1; palients were treated immediately with mean treat-
ment times recorded as less than 1 min for both sexes (Table 2),

Men had shorter times to treatment than women in ATS Catego-
ries 2, 3 and 4 for the combined diagnostic groups, however wo-
men had shorter times to treatment than men when they were
allocated ATS Category 5 [F4.261618)= 17.07; P<0001]. When
testing differences in treatment times for patients given ATS Cate-
gory 2, men were treated statistically significantly faster than wo-
men {men, mean = 7.55 min, SD 10.77; women, mean = 8 min, SD
11,17, 4133 .324) = —7.37, P < 0.001). When women were allocated
ATS Categories 3 or 4, they had longer mean treatment times
{mean = 32.39 min, SD = 48.22) than men in the equivalent two
ATS Categories {(mean - 29.78 min, SD 44.84; 1{124,918) - -9916,
P<0001).

A two-way univanate ANOVA test revealed a significant inter-
action effect between patient sex and diagnosis; male times (o
treatment were significantly shorter across all diagnoses than were
the female mean times for equivalent diagnoses
[R3,261,628) = 4.143; P = 0.006).

The mean overall treatment times for patients with principal
diagnosis of AMI were significantly shorter for men
{mean= 11.76 min; SD 2571} than women {mean~ 1491 min;

Table 2
Mean times to treatment for all principal diagnoses and AMI only. allocated ATS Categories 1-5,
ATS categury Total (bath sexes) Women Men P
n (%) Mean TT (SD) nix) Mean TT (SD) n %) Mean TT (SD)
All principal diegnoses (AME UAP, SAP, CP)
i 1697 (06) 008 (28] 413 (04) 0.09(0.29) 12684 (09) 008 |0.27) 0,321
2 133,326 (510} 774 110.94) 55480 [48.2) 800(11,17) TIAR%6(531) 755 (10:72) «0,00]
3 100,540 (384) 24.64 (3651) 46,665 (406) 2568 (37.91) 538751367) 2373 (35.22) “0.001
4 24 380(83) 57.25 (68.65) 11,754 (10.2) 5903 (7043) 12626 (8.6) 35556690} <0001
5 1685 (06) 50.51 (62.78) 713 (06) 4867 (57.78) 972 (07) 51.86(66.23) 0,008
Towal 261,628 (100} 19,07 (35.44) 115,025 (100} 2061(37.63) 146,603 [100) 1786 (3368) <0001
AMT only
1 1250 (5.9) 008 (0.28) 204 (44) 0.04 (0.29) Y56 (66) 008 (0.28) 045
2 12,161 (57.7) GO7 (954) 3412(514) 61 [928) 8745 (606) 6BAG |964) 0538
3 6404 (10.4) 21.15 (32.09) 2392 (36.0) 2167 (33.97) 4012 (27.8) 20.83 {32.56) 10.242
4 1178 (56) 2816(6613) SN (7 5021 (68.17) 867 146) 4660(63.71) 0,268
5 87 (04) 31.05 (50.80) 29(04) 21.14 (31.94) 58 (0.4) 36.00 (57.60) 0.054
Total 21,080 (100) 12,75 (27.71) G638 (100) 1491 (31.53) 14,442 (100} 1176 ({25.71) <0.001

AML acute myocardial infarction; ATS, Australasiar Triage Scale; CP, chest pam: ED, emergency deparirment; Mean TT, Mean Tiee to Treatment {minules); P, sgpnificance
value for mean tme for patient sex: SAP, stable angina pectorss; S0, standard deviation; UAP, unstable angina pectoris.
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SD 31.53; 421,078) = -7.671, P<0.001), When given any of the
possible triage categories lower than expected {ie. Cats 3, 4 and
5), as a composite group, mean treatment fimes for men
(mean = 24.65 min; SD 39.88) were significantly shorter than they
were for women {mean = 26.64 min; SD 43.6; (7667)= -2,054,
P = 0.04). However, when patients with AMI were assigned the ex-
pected ATS Category 2, there was no statistical difference observed
in mean treatment times between males (mean = 6.06 min; SD
9.64) and females (mean = 6.10 min; SD 9.28; 1{12,159) = —2.25,
P=0538). This was the case for all treatment time comparisons
between men and women for all individual ATS scores, analysed
for AMI separately. There were no statistical differences observed
between men's and women’s treatment tmes for any of the ATS
Categories { 1-5) for this group diagnosed with AMI {Table 2.

Discussion

We have evaluated Inage score allocation proportiens and
tmes to recorded treatment onset to establish whether women
were more often undertriaged than men for AMI, and whether
any triage disparity was associated with delays in women's treat-
ment for AMI, UAP and SAP and CP potentially of cardiac origin
in Victorian EDs, Analysis of the complete dataset demonstrated
an association between sex and triage score allocation; women
were less likely Lo receive correct triage score allocation for AMI,
UAP, SAP and undifferentiated chest pain than men, and this was
associated with prolonged times to treatment. Although limited
to one Australian state, analysis of triage practice for ischaemic
heart disease on this dataset is likely to enlighten other health
jurisdictions about ED practice performance measures and out-
comes in their own systems.

Numerous researchers have demonstrated women receive less
evidence based management during hospitalisation for AMI than
do their male counterparts (Milcent et al, 2007; Radovanovic
et al., 2007, Inewd et al., 2008). Our data revealed that for this state-
wide population of patients who presented to ED triage nurses
with either potential or actual AMI, a smaller proportion of women
received the expected triage score than did men over the perod
investigated. We found the comparative tnage differences between
the sexes to have been even greater for patients with the principal
diagnosis of AMI; women were even less likely (o receive an ade-
quate trage score when experiencing AMI than men. Triage score
allocation was poor for both sexes however; it was incorrect for al-
most 50% of women and 40% of men and is worthy of further re-
search to clarify the issue and improve performance,

We then aimed to investigate whether triage score allocation
made a difference to mean treatment times for patients from the
aggregate diagnoses [AMI, UAP, SAP and CP), and then specifically
for those diagnosed with AML Our findings suggest that for these
five years, triage score was likely an important determinant of
treatment onset times for both sexes, if they were undertriaged {gi-
ven ATS Categories 3, 4 or 5). For all diagnostic groups combined,
and then filtered for AMI separately, there were no differences in
mean treatment onset times if they were given ATS Category |;
both sexes' mean waiting times were a martter of seconds.

Disparities in treatment times for the sexes varied statistically
between the aggregate and AMlL-only groups when allocated ATS
Category 2. For women from the aggregate group, allocation of
the correct Category 2 meant their mean treatment times were sta-
tistically significantly longer than men from the equivalent sample
group. We do not believe this would have been clinically signifi-
cant however as many of these patients' conditions could not have
justifiably been allocated ATS Category 2 on clinical grounds. This
was not the case for patients selected with the prindpal diagnosis

treatment times when given the expected ATS Category 2, Both
men and women with AMI allocated ATS Category 2 were treated
in less than 10 min, although proportions of each sex triaged to this
expected Category were disappomting.

When allocated ATS Categories 2 or 4, men from the aggregate
group were treated faster than women frem the same group; this
inequity reached statistical significance. This was not the case
when the sample was limited to the principal diagnosis of AMI;
mean treatment onset times for women were observably slower
than men’s with AMI when allocated ATS Categories 3 or 4, Whilst
this may have had clinical ramifications, it did not reach statistical
significance, The result of being undertriaged with AMI was poor
for both sexes, with mean waiting times well in excess of the
10 min recommended for treatment of patients who shoukl have
received ATS Category 2 (ACEM, 2000).

Interpretation of analyses for patients of both the aggregate
group, as well as those filtered for AMI by sex were intriguing;
men were treated more slowly than women when allocated ATS
Category 5. This reached statistical significance when the aggregate
group was analysed, but narrowly failed to reach statistical signif-
icance for patient presentations filtered for the principal diagnosis
of AMI. Men allocated ATS Category 5 with AMI waited almost
15min longer on average to commence treatment than their
equivalent cohort of women, but the sample sizes were small com-
pared to those in the other triage categories. Reasons lor this capri-
cious result are undear. We recommend [urther prospective
research to identify whether this pattern of triage score allocation
continues and determine the basis of the divergence of the decision
making at triage.

Also of interest was the fact that patients of both sexes tended
to be treated faster when given ATS Category 5 than 4. This finding
was unexpected, and may have been due to unequal sample sizes,
but we wonder whether it was due in part to the fast track systems
operating in Victorian EDs for patients triaged to lower levels of
acuity (O'Brien e al,, 2006; Considine et al,, 2008}, Without the fast
track systems, these patients could wait protracted periods of time
if their treatment was repeatedly deferred due to armval of other
patients with more urgent conditions. Hence, patients of either
sex were more fortunate in terms of times to treatment when allo-
cated the least acute ATS Category 5, than they generally were
when given ATS Category 4,

Limitations

This research has a number of limitations requiring elaboration.
Even though the database is likely to contain all patient presenta-
tions to Victorian public hospital EDs with the principal diagnoses
researched, it fails to provide detail regarding outcomes such as
classification of AMI, AMI resolution and morbidity. It is an admin-
istrative dataset.

Lack of available data linkage at the time of data extraction
means we are unable to gauge if the same patients have returned
on multiple occasions and have been counted numerous times.
Comprehensive linkage of datasets may enable the determination
of patients who have represented to EDs or presented with escalat-
ing disease and the impact on their outcomes. In such a large data-
set, knowledge of repeated presentations and establishment of
patterns of subsequent major adverse cardiac events or death
may be feasible with improved data linkage and are likely to be
useful epidemiologically. It is hoped the Australasian Cardiac Out-
comes Registry anticipated to have been launched nationally in
2012 (CSANZ, 2011) will address a number of these issues when
it becomes fully operational.

Limited detail in available data at the time of extraction has
meant we do not know how long patients had symptoms prior to
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medical practitioners prior to their ED presentations. It is also un-
known how long patients waited for ambularces or whether they
were subjected to ramping prior to commencement of ED triage,
thus artificially reducing real waiting times. The practice of ramp-
ing occurs at some Victorian EDs and involves leaving patients on
ambulance trolleys for longer to be attended to by paramedics due
to resource limitation issues within the EDs (VEPA, 2011). We do
not have data reflecting whether usual practice dictates riage
evaluation as the ambulances arrive, or whether this first ED
assessment is delayed.

Despite the acknowledged shortcomings inherent in this type of
research, the application of the ATS throughout Victoria, coupled
with the collection of 1ICD-10 coded data has enabled important
inferences regarding equity between patient sexes to be drawn
on the accuracy of triage score allocation and the influence of tri-
age on a large population of patients with suspected and actual
AML Until further prospective studies are undertaken, these find-
ings can be viewed as correlations rather than causes.

Conclusions

Key findings emanating from our analyses of five years of con-
temporary public hospital ED data mclude:

1. Incorrect triage score allocation for patients with AMI of either
sex is common. However, analysis revealed women were more
disadvantaged than their male counterparts. A statistically sig~
nificant smaller proportion of women diagnosed with AMI were
given the correct triage score than the proportion of men with
AML

2. Incorrect triage score allocation was associated with prolonged
treatment times for Victorian patients with AML When allo-
cated lower triage acuity than Category 2, treatment delays
were prolonged for both sexes.

3. Correct allocation of triage score for AMI was and is important;
when patients of either sex were given ATS Category 2, there
was no significant difference in treatment times, which were
under 10 min.

Hence, when triage nurses allocate correct ATS scores for heart
disease, the triage system is working well and generally enables
early implementation of time-sensitive therapies, when indicated.
However, this research is exploratory and more detailed analysis
needs to be done as comprehensive datasets and improved linkage
between datasers become available. Ideally, future health manage-
ment will be based on evidence ascertained nationally, which may
be feasible due to the nationwide use of the disease classification
and triage systems. In addition to this, further research needs to
address whether inequities in triage score allocation and subse-
quent delays do affect patient outcomes for heart disease and if
50, how they can best be overcome. At this stage, we have shown
an association, but this needs further validation and evaluation of
relevant patient outcomes, Future work may include incorporation
of sex-specific heart disease assessment and management into ED
triage educational processes and a promotional campaign to in-
crease awareness of issues which continue to confound opportuni-
ties to minimise myocardial damage.

Acknowledgements

Lisa Kuhn is supported by an Australian Postgraduate Award
with Stipend and a grant from the Royal College of Nursing, Austra-
lia National Research and Scholarship Fund. We woukd like to
thank John Ward {Statistician) for advice and checking our data
analysis and Brocke MacPherson, formerly Data Analysis staff at

the Victorian Department of Health (DoH] for working with Lisa
to extract the necessary data from the DoH administered dataset.

References

Arorey, CN. Aylward, P, Relly, AM,, Chew. DPB. Clune, E, on hehalf of the Acute
Coronary Syrdrome Guidelres Wordng Group, 2006, Guidelines for the
management of acute coronary syndromes 2006 Medical Jourral of Australia
184 (8}, $1-520.

Arntlanian-Engoren, ¢ 2006 Cender and age bias o fnage decmons. Journal of
Imergency Nussing 26(2), 117124

Arslanian-Engonen, C, 2009 Explicating nurses’ cardiac mage dedsions. Joumnal of
Cardiovascular Nursing 24 (1), 50-57.

Arslanian-£ngoren, €, Patel A, Fang, J. Armstrong 0, Khine-Rogers, E. Duvernoy.
S, Eagle, KA. 2006, Symplams of men and women presenting witk acule
coreary syndromes American Journal of Cardmlegy U8 (90 1177-1181,

Australasian College for Emergency Medsciee (ACEM), 1963 A National Traage Scale
for Australian ensrgency departments |Position Paper | Austrak College for
Emergency Medicine, MeBcurme, Austraka.

Australasian Coliege for Emesgency Medicine (ACEM), 200¢0 Guidelines for
Implementatimn of the Australasian Triage Scale in Emergency Departments
|ACEM Guiidetipes|. Australasian Coltege for Emergency Medicine, Melbourne,
Australia.

Australasian College for Emergency Medicine (ACEM), 2006 Palicy e the
Australasian Triage Scale [Policy Paper| Australasian College for Emergency
Medicine, Melhourne, Australia

Australian Instituze of Health and Welfare (ATHW), 2012, Australia's Health 2012
Austraban Instifute of Health and Wellare, Canberra (AIHW Healtk Series No.
13; Gat. No. AUS 156.)

Boerima, K, 2006 Does Time manier? A pooked analyss of randosnived clinical trials
CcOmpanng pOmary peccutaneocs coronary inperveation and m-hospital
fibrinolysis in AMI patients. Eurapean Heart Journal 27 (7), 779-788,

Canto, |.G. Rogers, W, Goldderg, R}, Petector, ED., Wenger, NK., Vaccaring, V.
Kiete, C1, Frederick, PO, Sopke, G.. Zheng, -1, 2012, Association of age and sex
with myocardal infarction sympton presentation and in-bospital moetality.
JAMA: The Journal of the Amencan Medical Association 307 (§), 813-822.

Cardiac Society of Australia and New Zealand (CSANZ) 2011 CSANZ eNews 27th
October 2011. Cardiac Saciety of A lia ard New Zealand, Sydney, A 1k
<hiip: [jwww.csanz.edu.au> [accessed 18.11.11).

Censiding, )., Ung L. Thomas, 5. 2001, Clinscal decisions vsing the Natieaal Triage
Scale: baow mmpartapl 4 postigraduate education? Acodent and Emerpency
Nursieg 9 (2), 101-108,

Considiie, |, Kropman, M., Kelly, E, Wieter, C. 2008. Effect of emesgency
department fast track on emergency deparsmens length of stay: a case-
cantral stdy. Emecgency Medicine Journal 25 (12), 815819,

De Luca, G, Suryapraata, W, Ottesvanger, | P, Antmar, EM. 2004, Time delay to
treatment and mortality in prmary angsoplasty for acute myucardial infarction:
every mmute of delay counts Crreulation 109 (10), 1223~ 1225,

Department of Human Services (DHS), 2001, Consistency of Triage in Victoria's
Emergency Departments: Guidelines for Toage Education and Practce.
Victerian Department of Human Services, Monash Institute of Health Services
o h Medh A Jia, pp. 1-95,

DeVon, HA, Ryan, CJ, Ochs, AL, Shapirs, M, 2008, Sympioms across the
cansinuum of aute coronary syndromes: différences beiween worien and
men American journal of Criical Caee 17 (1), 14-24,

Gibson, CM. Prade, Y B, Frederick, P10, Pollack Jr, CV, Canto, |G, Tieferhrunn, AJ.
Rogers. W, 2008 Treads In repertusion sirategies, doos-to-needle and door-
1o-ballona fimes, and m-hospital mocaliy among patients with ST segment
elevanor myacandial infarction enrclled in the Natienal Regidlry of Myocardial
Iedarction from 1990 to 2006, Amencan Heart Jourpal 156 (6), 1035- 1044,

Hullss, P, Sprivelie, P, 1996, Reliabilty of the National Triage Scale with changed tn
emergency departmens activity bevol Emergency Medicine 8 (€4 231-234,

Juedd, M, Forarow, G.C, Cannoa. CP, et al, 2008. Sex differences in medical care
and varly death after acute myvcardial intarctyon, Circulation 110 (25}, 2800
810

Kuhn, L. Page, K, Davidsur, P M, Worrall-Carter, L, 2011 Triaging women with
acute caronary syndrome: a review af the hiterature. Journal of Cardiovascular
Nursing 26 (5) 395-407.

Lehmann, LI, Wehrer, .S, Lehmane, CLUL, Savary, LM, 1996 Cerder hias in the
evaluation of chest pain in the emergency deparment. Amencan Joureal of
Cardialogy 77 (8), 641-644,

Mackay, J. Mersah, GA. 2004 The Atlas of Heart Disease and Stroke. World Health
Organization, Geneva, Switzedand, p. 112, <hiup;//wwwwhaint/
cardiavascular distasesjresourcesfatlas/en> (accessed 12.02.12)

Milcent, €., Dormont, B, Durand-Zaleskl, L, Steg "G, 2007, Gender differences m
hespital moestality sed e of percutaneous ceronary interventivn in acule
myocardial infarction: microsimulation analysis of the 1959 nanonwide French
hespitals dazabase. Circelation 115 (7), 833- 839,

e, 0. Williams, A, Blondell, K. Jelinek, G.A., 2006 Impact of sireamang "fast
Lrack” emergency department patients. Australan Heakh Review 30 (4) 525
532,

O'Gara P.1, Kushner, EG. Ascheim, DD, Casey Jr, D.E, Chung, MK, de Lemos, J A,
e al, 2013, ACCFIAHA guidelice tor the management of ST-efevarion

myocasdial infarction: executive summary: a repurt (o the Amencan College

119



The DaME Il Study

6 L Kubn et al /intermational Emergency Nursing e (2013) wee-xex

of Cardiclegy Foundation/American Heart Associalion Tatk Force on Practice
Guidelines, Circulasion 127 (4), 529-555,

Radovanowvic, I, Erne. P, Urban, P, Berzel O, Rickd, 1, Gaspor, [M., 2007, Gender
dilferences in management ard oulcomes in with acute cotonasy
syrdromes resilts on 20,250 panieris fram the AMIS Plus Registry. Heart S3
(11), 13691375

Rathore, 5. Curmis P, Chen, ), Wang Y. Nallamothe, 5K, Epstein, A, Krumholz
HM., 2009, Association of deor-Lo-ballvoa time and moriality in patienis

admitted o hospital with ST elevation myocardial infarction: natinal cobort
study. British Medical Journal 138 b18O7,

Steg, PG, James, SK, Atar, D, Badano, LP. Blomstrom-Lundguist. C, Borger, MA
et al, 2012 ESC guidelines for the management ol acute oyaaandial infarction
in patients presenting with ST-segment elevation. Eurnpean Heart Journal 33
(20). 2569-2619.

Victorian Emergency Physiclans Assocation (VEPA), 2011 Ambdulance Ramping a
Mattee of Life and Death. Victoriar Emefgency Phyticiars Assocaboe Inc.
Melhecarne Australia,

120



The DaME Il Study

3.3 Summary

Synthesis and review of the literature provided in Chapter 2 concluded that in a number of
North American EDs, triage assessment of women with ACS was more difficult than it was for
men for a number of reasons. Other than the Canadian studies by Atzema et al. (2009, 2010),
these studies did not examine whether difficulties found evaluating women at triage were
actually associated with disparity in triage practice for ACS and AMI. The research reported in

the current chapter provides an answer to this question.

Analysis provided new information essential to understanding and improving the
management of AMI for women and men across Victoria, Australia. Proportionally, there was
statistically significant undertriage of women with AMI across Victoria compared to men.
Incorrect triage score allocation for suspected ACS and AMI led to prolonged treatment times
for both men and women patients with AMI. When not allocated ATS Category 2, women’s
treatment delays were significantly worse than they were for men. Correct allocation of
triage for AMI was important; when patients of either sex were given ATS Category 2, there
was no significant difference in treatment times, which were both less on average than the
recommended 10-minute maximum for patients allocated to ATS Category 2. Triage score

allocation did correspond with time to onset of treatment for AMI.

It is not known to what extent triage patterns for ACS and AMI vary between Australian states
and territories, but close examination of one of Australia’s most populous state’s ED data over
a five-year period provides new and important insight into triage management of ACS in the
Australian context. Extrapolation to other states and territories cannot be done without
analysis of each jurisdiction’s separate datasets, but it is possible because the ATS is used in all
Australian EDs and ACS and AMI are reported to all states and territories using the
International Classification of Diseases and Related Health Conditions, 10t Edition (ICD-10)
system (World Health Organization (WHO), 2011). Ideally, all state and territory health
datasets will be linked to each other in the near future and to other datasets such as registries
of death, Medicare and health insurance, enabling more detailed analysis and benchmarking
of patterns of presentation, readmission and death and comparison between the jurisdictions.
Numerous other countries use structured triage systems (Gerdtz et al., 2009) and most use

the ICD-10 disease classification system as published by the World Health Organization (WHO,
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2011). Itis therefore, likely that a methodology similar to the one outlined in this chapter’s
research publication could be used to evaluate triage equity and efficacy for ACS and AMl in

other countries where similar datasets are maintained.

By highlighting and quantifying existing inequities in healthcare, this research provides a step
forward. It can be used to help guide future strategies to increase equity in healthcare and
improve outcomes from ACS and AMI for patients presenting to EDs with the heart diseases.
Demonstrating that there is in fact a difference in terms of how men and women are assessed
at triage is important. It will encourage further research and the uptake by EDs of triage
practice processes that will further enhance cardiac care for all patients, but particularly for

the group identified as more vulnerable to under-assessment and under-treatment; women.

This research provides an important contribution to knowledge regarding triage equity in
relation to patient sex and the influence triage allocation has on treatment onset times for
ACS and AMI. This is a phase identified in the DaME |l study as a critically important, but
previously overlooked stage in the quest to improving door-to-treatment times for AMI. This
phase in ED care has been measured to enable quantification and improvement in triage and
other ED processes to facilitate the earliest possible implementation of reperfusion therapy.
Triage inequality related to patient sex has been demonstrated in this database research,
prompted in part by the research uncovered in the published literature review (Chapter 2).
Triage for ACS and onset to treatment times may also be influenced by other non-clinical
factors not yet identified however, and Chapter 4 will be used to further research and

examine these.
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Chapter 4

Factors influencing the timeliness of
management onset for AMI in the ED

i. Kuhn L, Page K, Ward J, Worrall-Carter L. (2013). The
process and utility of classification and regression tree
Chapter 4 methodology. Journal of Advanced Nursing; open access.

i. Method ii. Kuhn L, Worrall-Carter L, Ward J, Page K. (2013). Risk
factors for increased time to treatment of acute myocardial

ii. Research

infarction in Victorian Emergency Departments: A regression-
tree based analysis. Australasian Emergency Nursing Journal,
16(4), 160-169.

4.1 Background

Research presented in Chapter 3 demonstrated inequity in the allocation of triage acuity
rating associated with patient sex. It found a significantly smaller proportion of women were
correctly assigned Australasian Triage Score (ATS) Category 2 for acute myocardial infarction
(AMI) than men with the same diagnosis. It concluded triage score allocation was associated
with time to onset of treatment; the lower the allocated level of acuity, the longer the delays
and perceivably, the longer it would take to initiate revascularisation therapy. Therefore,
more women were undertriaged than their male cohort for AMI and were proportionately

more likely to have been disadvantaged.

The findings of the published literature search discussed in Chapter 2 prompted this analysis
of data extracted from the Victorian Emergency Minimum Dataset (VEMD) to gauge ATS
Category allocation equity between men and women, and the effect on times to treatment
onset. With the exception of advanced patient age which resulted inconsistent triage decision

making for ACS in one study (Arslanian-Engoren, 1999) and had no effect in others by the
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same lead-author (Arslanian-Engoren, 2001, 2004), no other demographic factors were found
during the literature search to influence triage accuracy for ACS (Kuhn et al., 2011). As they
had not been studied before, it was also felt to be important to test if other patient
characteristics influenced time to onset of treatment for ACS in EDs; the point of patient entry
to public hospitals for acute disease. Any variables found to impact upon ED triage score
allocation for ACS other than clinical factors related to patient urgency need to be identified in

order to correct any inequities.

The aim of the current chapter is to determine if other demographic factors affect the speed
at which treatment is commenced for patients with AMI in EDs using a novel data mining

methodology.

4.1.2 Identifying a novel method for harnessing the potential of VEMD data

Large datasets that were previously prohibitive to analyse due to their size have become

increasingly available through new methods of quantitative analysis.

The paradigm of ‘big data’ provides a novel means of analysing datasets such as the VEMD for
patterns amongst variables not previously observed. It has been enthusiastically claimed the
paradigm is about to revolutionise the way healthcare is measured and managed (Mayer-
Schonberger & Cukier, 2013). Big data is an evolving concept which is growing rapidly in
popularity and perceived legitimacy in healthcare. It has long been used in areas such as
meteorology, statistics and ecology, but has recently come to the fore in health sciences,
where it is seen as an important means of advancing translational research (Ackerman, 2012).
Big data is increasingly being recognised a means of discovery that is done retrospectively on
whole populations, providing new understanding of patterns of events, behaviours and
treatments which first came to the PhD Candidate’s attention at the time she was
contemplating how to find important, previously hidden patterns for early patient care

amongst the large VEMD dataset.

The VEMD dataset contains information regarding patient variables such as age, sex, location

of residence, mode of arrival, preferred language and whether or not treatment was provided
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at a metropolitan or regional public hospital. Extracted from a government-collected
administrative dataset, the VEMD data also provided information for triage score allocation
and time to commencement of treatment after triage in minutes. Both variables are integral
to the concept of DaME Il study which seeks to examine the phase in treatment that occurs
when a patient first arrives at an ED with ACS in order to optimise care. With newly available
techniques for analysis, the dataset was ideal for discovering or ‘mining’ patterns between ED

patient variables.

Data mining is an analysis method that fits into the big data framework and is used for
uncovering new patterns from large datasets, with a focus on modelling, knowledge discovery
and prediction (Ohlhorst, 2012). Classification and regression tree (CaRT) analysis is central to
data mining (Williams, 2011) and it was felt it would be an ideal method for uncovering
patterns in patient management in the ED. For this reason, a literature search was conducted
to ascertain if CaRT had been used to evaluate patient care in this way previously and as it had
not, to find an exemplar to guide the method’s implementation on the VEMD dataset.
Literature search for prior CaRT use in healthcare showed that although the method was
becoming increasingly used in medicine (Mann et al., 2008; Quintana et al., 2010) and public
health (Protopopoff et al., 2009), its utility as a method of research had largely gone
unnoticed within nursing, with only a few nursing publications describing it (Bonner, 2001;
Dowding & Thompson 2004; Su et al., 2011), with no studies located outlining its use in triage
or the ED. This was a particularly exciting innovation and for this reason, the case for CaRT
was made, and then utilised the method in the research process to determine patterns of
patient vulnerability to delayed treatment onset. This led to two publications, both of which

provide important new knowledge to the nursing profession and the ED specialty:

i) The first presents a discussion around the utility, application, criticisms and

limitations of CaRT in nursing research; and,

ii) The second presents research undertaken with regression tree analysis to
determine risk factors for increased time to treatment for patients with AMI

arriving at Victorian EDs over 5 years.
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4.2 Publication — method paper

i. Classification and regression tree (CaRT) method

Kuhn L, Page K, Ward J, Worrall-Carter L. (2013). The process and utility of classification and

regression tree methodology in nursing research. Journal of Advanced Nursing; open online.
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Why is this research or review needed?

* Classification and regression tree analysis 15 a relanvely
new tool of research available to nursing,

« An understanding of classificanon and regression tree
method will empower clinicians and scholars privy to the
nuances of their profession to interrogate large data sets
for aunbutes meamngful w0 nursng practice,

+ Like all research methods, researchers need 1o be cognizant
of classification and regr tree analyses’ strengths as

well as weaknesses,

What are the three key findings?

+ Classificanion and regression tree software can handle farge
volumes of data, explicanng previously concealed links
AmMong IMportant patent, management and ourcome var-
ables.

Classification and regression tree method is 5 useful explor
atory form of research capable of providing insights inro
what is happening across whole populations from large da-
tabases and may be used o develop models ro evaluate
and improve care, stratify nsk and determine prognoses.
As with all research methods, there are several hmitations
i classification and regression wree analysis; it will not
replace other quantitative methods, but will complement
these and enhance our nursing knowladge base,

How should the findings be used to influence policy/
practice/research/education?

+ Classification and - regression tree analyss allows the
researcher 1o question practice and outcomes on farge dara
sets collected on whole populations. It may be used to
improve research questions and inform future research
agendas 1o improve evidence -based practice.

Classification and regression trec analysis should be used 1o
more fully use available data sets 1o inform targeted
research towards fulfilling nanonal resexech priorities.
Database research i an important means for nurse
researchers, dimcians and mansgers to evaluate what is
working for patents across healthcare syssems i terms of
processes and equity of care, enabling them o advocate,
educate and rectify any management gaps through refining
models of contemporary care.

Introduction

New databases are regularly developed with existing ones
expanding at an exponential rate in this data-rich sociery,
Healthcare databases are numerous, extensive and growing
prodigiously, They provide rich, relatively untapped sources
of important quantitative information about patient popula-

tions, patterns of care and outcomes. To overlook them in
nursing research would be a missed opportunity to add to
existing nursing  knowledge, generate new  knowledge
empirically and improve partient care and outcomes.

There are numerous methods for analysing quantizanve
data; each requires careful selection to suit the unique aims
of each project of research. The aim of this paper is to
describe classification and regression tree (CaRT) analysis
and to highlight the benefits and imitations of this method
for nursing research.

Background

Healthcare databases are large repositories of information
that include a variety of clinical and administrative infor-
mation and, although not specifically designed for the pur-
pose, may be useful for secondary dara analysis {Magee
et al. 2006). Data sets, the collections of data in the data-
bases, can be analysed to determine the intluences on, and
differences between, selected variables (Williams 2011)
answenng many questions. Patterns uncovered can inform
health care and build knowledge, providing that research
questions are well formulated and the extraction well
planned and execured. Like all research methods, a concep-
tual fit is necessary between the darta set and dara analysis.

Fitting within the burgeoning framework of ‘big data’
(Mayer-Schonberger & Cukier 2013), CaRT analysis 15 an
important component of data mining (Williams 2011}, o
means of exploring and analysing large data sets in search of
meaningful patterns {Hurwitz et al. 2013). CaR'T has become
increasingly prevalent internationally since the sentinel work
by Breiman et al. (1984). To date, the method has been used
infrequently by nurse researchers (Bouner 2001, Dowding &
Thompson 2084); however, we believe that, as the udlity of
the CaRT method becomes better known and research using
large data scts gams momentum, its implementation wall
become commonplace in nursing research. It will provide new
insights into community-wide healthcare systems in relation
to patterns of care delivery and outcomes, including progno-
ses in any country in which healch daca are maintained.

CaRT method has been lauded because of its ability to
overcome missing data by use of surrogate measures {Lam-
born et al. 2004), Missing data are 8 common occurrence
in many data sets, even those developed prospectively for
the purpose of specific investigations (Speybroeck 2012);
however, it is particularly a problem when working with
large administrative and clinical data sets, such as those
used in secondarv data analysis (Lange & Jacox 1993,
Speybroeck 2012).

2 © 2013 The Aathors, Journal of Advanced Nursing Published by John Wiley & Sons Led.
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CaRT Method

English-orly

Inclusion criteria:
Date rangs, 1984-2013

Abstract or full text availabis

Ssarch terms; cant, CART, CaRT, C&RT, classification and regression tree analysis,
classificaton trée”, data mining. dacision support technique”, decision tree”, prediction,
predctive model®, recursive partition®, regression trae” (AND pear review was addad to

Figure 1 Flow chart of search method
and resalis.

CaRT is an exploratory method of rescarch used to
uncover relationships and produce clearly illustrated associ-
ations between variables not amenable to traditional linear
regression analysis (Crichton et al. 1997). The method has
a long history in market rescarch and has more recently
become increasingly used in medicine to stratfy risk (Kara-
olis er al, 2010) and determine prognoses (Lamborn et al.
2004), In addition tw quantification of risk, CaRT is an
important means for uncovering new knowledge. The
method of analysis is ideal for exploratory nursing research,
as it may be used to uncover gaps in nursing knowiedge
and current practice. Through analysis of large data sets,
we believe CaRT is capable of providing direction for fur-
ther healthcare research regarding outcomes of health care,
such as cost, quality and equity.

Data sources

This paper was informed by liteeature on classification and
regression tree analysis from 1984, the vear Breiman et al.
(1984) published the sentinel classification and regression

limit onéne joumal databases)
¥
Grey literatura: Primary search: Databasss accessad:
Google Schofar (n = 38) Potentialty relevant CINAHL Plus with Al
Google to identify —» aricles identifiad by o toxt (n = 398)
A websites: The R Project, electronic and hardcopy Medline complate {n = 45)
Togawars (n=2) search according to eBooks collection,
. inclusion critena (n = 506} fuli texts and book

Hardcopy textbooks: 3 chaptars (n=17)
Library and personal od
collections (n=4) 3:5:' 28;5 INE

Studies excludsd

based on evaluation of

iz or abstract or il taxt
review in relation to
review aims {n = 345)

v
Ful text obtained for
examination {n = 35)
Sacondary search:
ratrisved raference lists
hand searchaed for missed
articles and downloaded
whéen maet raview aims

(n=4)
)

Arides (ncludng two
wabsites) included in
review development
(n=39)

trees text until the ame of wriing this article in January
2013, Data sources included the online journal databases;
MEDLINE Complete, CINAHL Plus full text and the
cBooks databases; in addition to hardcopy research refer-
ence texts. The oaline facilities Google Scholar and Google
were searched and reference lists of articles and books
found to be pertinent to understanding the method or its
use in the context of health care were also searched manu-
ally. A full list of search terms, the strategy used and the
final number of articles incorporated into the development
of this review arc included in Figure 1. The scarch was
restricted ta English language articles and books.

Discussion

Classification and regression trees

CaRT is a computationally intensive (Crawley 2007)
exploratory, non-parametric (Breiman et al. 1984} proce-
dure that makes no distributional assumptions of any kind
{Frisman ef al, 2008}, It does not require a pre-defined

© 2013 The Authors. Journal of Advanced Nursing Published by John Wiley & Sons Lid. 3
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underlying relationship between the dependent variable
(referred to in CaRT terminology as ‘target’ variable) and
the independent variables {'predicrors’). It does not imply
canse-and-effect relationships between variables, but rather
statistical associations between them (Leclerc ef al. 2009},

CaRT-generating programs are available in several well-
recognized commercial statistical computing packages such
as SPSS, SAS and STATA, often as add-on modules, A sta-
ustical program familiar to the authors is R (R Develop-
ment core Team 2010}, This open-source program s freely
downloaded from hetps/fwww.r-project.org and comes with
the ‘rpart’ command package, enabling the generation of
classification and regression trees, Rpart treats a variable
preselected by the researcher as the target variable and the
others selected as predictors.

Classification and regression tree analysis methodology

Classification and regression trees are labelled according to
the dependent variable or vanable of interest. Classification
trees are used when the target variables are caregorical,
such as race, patient sex or gender and marital status.
Regression trees assume that the outcome or dependent
variable is continuous, for instance, age, height and time.
Classification trees build classtficatory models by asking
categorical questions, for instance: ‘Is it going to be hot
today?' The answers are usually binary ('ves” or 'no’}, but
not always (Williams 2011). They can have more catego-
ries such as ‘too hot’, Sust right’ or ‘too cold’, all of which
are classificatory. Regression tree models  produce 2
numeric set of outcomes calculated mathematically by
examining relationships between target and predictor vari-
ables to determine their mathematical relationship. This
formula is then applied to new obscrvations in an attempt
to predict likely outcome. Using the same analogy, the out-
comes for the day’s comfort level would be expressed in
Celsius or Fahrenheit scales. Williams (2011} calls this
‘predictive analytics” {p. 175} and explains that it is carnied
out to produce both classification and regression tree mod-
els. The computer algorithms, therefore, learn (or arc
‘trained’) from other related or historical data and their
influence on target outcomes and then applies what s
learnt to predict subsequent outcomes in new data. This is
called ‘machine learning'.

CaRT analysis is often called ‘recursive partitioning’
(Lemon et al, 2003, Fonarow et al. 201035, Strobl er al,
2009) because it forces data to split by algorithm inte
increasingly smaller and homogenous subsets according to
rescarcher-specified criteria (Crichton et al. 1997). Williams
{2011) describes this partitioning as dividing and conquering.

All predictor variables are checked at each level for the split
that will result in the most pure split nodes (Prasad et al.
2006) according to the algorithm learnt by the machine.
The machines are modern computers with increased power
to handle large volumes of data, The learnt or trained
algorithms of CaRT are repeated and are fitted to data in
each partitioned subset by testing all variables in search of
the one that results in the cleanest spliv (Frisman et al.
2008). This separates it from traditional statistical
procedures, such as lincar regression, which are global
models with single predictive formulac (Lemon et al. 2003).
With CaRT analysis, each question asked at cach step is
based on the answer to the previous question (Williams
2011),

Successive vanable data, which may be mixed categorical
or continuous independent vanables, are split into increas-
ingly mutually exclusive or homogenous subgroups in
relation to the target variable (Lemon et al. 2003}, The
algorithm is designed to split and provide the best balance
between sensitivity and specificity for predicting the target
variable and continues until perfect homogeneity is reached
or the researcher-defined limits are reached (Frisman ef al.
20018). The final node along each branch contains all of the
decisions (Williams 2011}, Each corresponds with a specific
pathway or set of decisions made by algorithm to navigate
through the tree. Hence, the overarching name often given
to the structures is 'decision trees’ (Quintana et al. 2009,
Gardino et al. 2010, Williams 2011).

There are several ways purity (which is carried out by
calculating impurity) in each node is determined. These are
statistical techniques to estimate ‘impurity’ in all predicror
variables at each level to predict the largest difference
between impurity of the parent node and weighted average
of the impurity of the child nodes (Lemon et al. 2003, p.
174). These are the Gini, entropy and minimum error func-
tions (Zhang & Singer 2010}, The choice of impurity func-
tion and implementation of each are internal to the
different statistical programs. Their calculations are beyond
the scope of the current paper and interested readers are
referred to Breiman er al. {1984) original text or those
developed since, including Crichron et al. (1997}, Lemon
et al. (2003) and Williams (2011) for further explanation.
Whichever impurity function s employed, the independent
variable whose split has the greatest value is selected for
splitting at each step by stanstical algorithm {Lemon ef al.
20413},

Using the fictitious tree¢ illustrated in Figure 2 as an
example, the researcher uses data for 1000 patients who
were admitted to Hospital X in 2013 with acute myocardial
infarction {AMI) to determine which patient characteristics

4 © 2013 The Authors. Journzl of Advanced Nursing Published by John Wiley & Sons Ltd.

131



The DaME Il Study

JAN: DISCUSSION PAPER

Q)
Admissions for AMI
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AMI  acute myccandal infarction
[...] node

{ .} observed number or cases

Figure 2 Fictional illustrztion of 3 regression tree indicating rela-
tionships of variables zssociated wath age at hospitalizaton for
aeute myocardsal infarstion,

(predictor vanable{s)} are associated with patient age in
years (the target variable} at the time of admission. The
model is a regression tree because the target variable is con-
tinuous. Predictor varables available to build the regression
tree are residing distance from Hospreal X, patient sex,
patient marital status, arrival ar hospital by ambulance or
private car and health insurance status, When the target
variable and predictor variables are selected in the CaRT
program, the computer algorithm chooses the variable that
offers the most improvement in purity in the node (there-
fore has the most impurity with the greatest scope for cor-
rection by splitting}. In this instance, the patient ayrival at
bospital by ambulance or private car variable provides the
greatest splitting value, hence is chosen. There are no more
splits fitting the criteria for patients who arrived by private
car, hence this becomes a terminal node. For those who
arrive by ambulance, the variable that provides the greatest
value in splitting is patient sex, The exemplar constitutes an
unusually simple and unrealistic tree model, however, the
reader can see at a glance that vounger patients with AMI
tend to arrive by private car. Those patients who are older
moare often come by ambulance and the majority of those
are men, who are much younger, generally, than women,
The illustration presents a tree that provides minimal infor-
mation and seems o have stopped splitting oo early to
provide much maore explanation than simple grouping. The
tree appears to be limited to too few splits and to only
three levels, but sall may uncover new information, It may

CaRT Method

indicate, for instance, that the message that patients with
AMI should call an ambalance for transportation to hospi-
tal is not heeded by younger patients, which may guide
future spending on media camipaigns for AMI.

The example provided in Figure 2 lacks depth and com-
plexity, vielding less information than may have been
uncovered with broadened parameters. The overall level of
complexity in CaRT maodels is determined by the complex-
ity parameter {CP}, which controls the number of splits in a
tree by defining the minimum benefit that must be gained
at ecach split to make that split worthwhile (Williams
2011). The CP climinates splits that add little or no value
to the tree and, in so doing, provides a stopping rule
{Lemon et al. 2003). Set by the researcher, the CP assists
the process of pruning a tree by controlling its size (Wil-
liams 2011}, The parameter is reached using trial and error;
the investigator observes trees at different CP levels and
dectdes when no real informartion gamn is made with grearer
levels of complexity. This is a form of pruning internal to
the statistical program involving an iterative process
employed by the researcher (Rokach & Maimon 2007).

Pruning is an essential function of CaRT analysis. It is
the process of controlling, limiting or reducing a tree’s size.
Pruning removes sub-branches from overfitted trees to
ensure that the tree's remaining components are contribut-
ing to the generalization accuracy and ease of interpretabil-
ity of the final structures {Rokach & Maimon 2007}.

This s an important function because reaching absolute
homogeneity would result in a huge tree with almost as
many nodes as observations and provide no meaningful
information for interpretation beyond the initial data set.
Large trees are unhelpful and are the result of ‘oveditting’,
thereby providing no explanatory power (Crawley 2007).
As the intention is to build a useful model, it is important
that the components of the tree are able to be marched o
new and different data. The more complex model will have
good cxplanatory power for the data set on which it is
trained, but will not be useful as a model applied to differ-
ent data { Williams 2011).

Some researchers describe building a large tree and then
employing ‘pruning’ techniques to the structure (Lemon
et al. 2003, Fan et al. 2006, Williams 2011, Chang et al.
2012). Several investigators advocate a three-staged proce-
dure: (1} Growing a large tree; (2} Pruning back the tree;
and (3) Selecting the best-sized tree (Lemon er al. 2003,
Fan et al. 2006, Willlams 2011, Chang e al. 2012). The
process of adjustment by the researcher ensures that impor-
tant relationships between predictor variables and the target
vanable are not missed by growing too small a tree.
Researcher involvement in the maodel buile in the final tree
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is ideal as they are able to observe variables important to
the process, but pruned to increase generalizability of the
final model. The point at which to prune trees becomes
visually evident and the researcher will see at which point
the trees become overgrown and erratic. If they are not rep-
licated past a certain point, they are stopped ro maintain
usefulness of the tree model. Any researcher bias is avoided
in the selection process because future analysis would dem-
onstrate a tree without any predictive ability on other data
or a tree so avercomplicared, it would be of no use applied
to other data and would fail the validation procedure.

To ensure that maximum tree interpretability is accompa-
nied by utility, several other restrictions or stopping criteria
are imposed on CaRT construction {Hess et al. 1999, Wil-
liams 2011). The stopping critéria are set by the researcher
after repeated testing to balance the needs for accuracy of
the model with simplicity. These include setting the maxi-
mum tree depth, minimum number of cases in terminal
nodes, minimum number of cases in child nodes and split-
ting criteria level, which is set not be higher than a certain
threshold {Rokach & Maimon 2007). These are used to
control how large a tree is grown and determine the mini-
mal degree of statistical difference between groups consid-
ered meaningful (Lemon eral. 2003). Deviance in CaRT
models increases if there are too many nodes (Crawley
2007}, Important outcomes from the CaRT modelling pro-
cess are the rules associated with membership to cach ter-
minal node data class. All of these rules and settings help
determine the components of the model and the final shape
of the tree.

Components of the classification and regression tree

At the top of the multlevel inverted tree is the ‘root’
{Figure 3}. This is often labelled ‘node 17 and is generally

known as the ‘parent node’ because it contains the entire
set of observations 1o be analysed (Wilhams 2011}, The
parent node then splits into ‘child nodes' that are as pure as
possible to the dependent variable (Crichton er al. 1997}, If
the predictor variable is categonical, then the algonthm will
apply either ‘yes” or 'no’ ("if then’) responses. If the pre-
dictor variable is continuous, the split will be determined
by an algonthm-derived separation point (Crichton et al.
1997). These splits are sometimes called ‘edges’ {Rokach &
Maimmon 2087) or ‘branches’ (Williams 2011} The
branches bifurcate into non-terminal (interior) or child
nodes if they have not reached 2 homogenous outcome or
selected stopping point. The ultimate aim of CaRT analysis
is to reach terminal nodes within-node variance statistics.
These are also known as ‘leaf’ nodes (Williams 2011) and
occur when no new information will be gained through fur-
ther splitting. Every node in the tree represents a distinct,
homogenous data class enabling exploration. All of the
nodes are numbered. These are used to illuminate associa-
tions otherwise indiscernible by conventional statistical
inference and are specific ro each portioned variable,

Criticisms of classification and regression tree
methodology

An important criticism aimed at CaRT analysis is its inher-
ent instability (Rokach & Maimon 2007, Protopopoff et al.
2009, Su er al. 2011). Small changes in data can alter a
tree’s appearance drastically and thereby alter the interpre-
tatton of the tree if not managed with caurion. This is
because, if a split changes, all splits subsequent to the
affected node are changed as well, Each optimal pattition
depends on the path already taken through the tree (Crich-
ton et al, 1997}, Rokach and Maimon (2007 describe this
oversensitivity in classification and regression trees as a

*—- Indepandent variable 1
8] « Highest rank
Root or parent nede . Independent variable 2
// Independent variable 3
g
NP
i2] (3]
Child node Temninal node
l 14 b Branch
' Figure 3 Generic illustration of & regres-
4] [5] e Loaf node ‘ sion tree indicating relationship of child
Terminal node Teminal node < LowpeL TNk and terminal nodes to the root node with
branches and level of hierzcchy.
6 © 2013 The Authors, Journzl of Advanced Nursing Published by John Wiley & Sons Lid.
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‘greedy characteristic’ (p. 75) and caution against irrelevant
attributes and noise affecting training dara sets, Crawley
(2007} cites "over-claboration’ as a problem with the trees
because of their ability to respond to random features in
data (p. 690), For this reason, the process of CaRT tree
building is not as fast as it appears on the computer-
generated outputs. Although the time taken to compute the
algorithm for thousands of observations cited below the
tree may be less than a second, it is a thoughtfully planned
and executed process conducted by the researcher with
numerous models developed through a process of compari-
son, adjustment and repetition, When the rescarcher has
reached the point where the variables selected for splitting
by the algorithm are reasonably consistent and spurious
ones have been removed, a process of validation s under-
taken to determine the final model.

CaR’T methodology could be eriticized because it does not
provide a statistical ourpus such as a confidence mrerval by
which to quantify or support the validity of the findings. This
lack of statistical assumption has been seen to be one of the
method's strengths and also its weaknesses (Breiman et al.
19841, Deciston-making is algorithmic racher than staustical;
there are no distributions, likelihood ratios or design matri-
ces common in traditional statistical modelling methods
(Lemon et al. 2003). Few statistical inference procedures are
avatlable to the researcher seeking validation of the method
{Crichton et al. 1997), which may be a source of stress for
researchers hoping to quantify findings in these ways.

For this reason, and because CaRT analysis is relatively
new to nursing research, we have sought to temper this dis-
cussion with a sample of the validation methodologies
described by various healthcare researchers, Validation in
CaRT methodology can involve partitioning out and with-
holding data from larger data sets or testing small subsets
of smaller data sets multiple times. Ideally, a CaRT model
will be validated on independent data before it can be
deemed generalizable,

Validation in classification and regression tree analysis

In their CaRT survival analysis of 1000 consecutive patients
with carcinoma of unknown primary origin, Hess ef al.
(1999) outlined important findings using their model, which
they built using three different trees for estimating length of
survival in months emanating from different root nodes for
each of the trees, They used variables idencified previously
as prognostically sigmificant (liver involvement, histology
and lymph node involvement) as their root nodes in sepa-
rate analyses and followed the algorithm-derived splits
through to the terminal nodes for cach. They then

aRT Method

compared the attributes of each tree built and found that,
although similar variables remained important, new prog-
nostic groups and covariate structures were also identified.
The researchers argued that the fact that the different
approaches used similar variables to stratify patient survival
confirmed the importance of these variables and supported
the validity of their CaRT analysis. Hess et al. also nored
that the variables found to be important using the CaR'T
methodology were concordant with those they had identi-
fied in previous rescarch using the Cox univariate and mul-
tivariate techniques to stratify patients into survival groups.
The previous findings were more genetic and reportedly dif-
ficult to implement into clinical practice, hence Hess er al.
believed that the new structures and prognostic groups
would be useful. When describing the shortcomings of their
CaRT analysis, the rescarchers pointed out that their model
could not be accepted without validation performed on an
independent data set (Hess ef al. 1999).

The most commonly used validation technique for CaRT
method in medical research is to train the computer algo-
athm with a subset of the data and then validate it on
another. Models may be validated internally or externally,

In a departure from this, Chang ef @l (2012) used a
50:50 split for their survival analysis of patients with ade-
nocarcinoma {n = 10,494}, They randomly assigned 50%
of their sample to a software training sample for regression
tree model building and the other half became the test sam-
ple by which to build the model. Chang e al. described
several other statistical technigques such as Kaplan Meier
plot and log-rank test to compare survival differences
amongst the groups identified in their regression tree analy-
sis and found good discriminating capability for sarvival.
Validation in this case was largely dependent on other
statistical techniques and not on an independent sct of
observations.

Other researchers descnbe nsing a 10-fold cross-valida-
ton methodology for their medical research (Fan et al.
2006, Frisman ef al. 2008, Protopopoff et al. 2009, Sayyad
et al. 2011}, thus also avoiding the use of an independent
data set. For these studies, usually conducted with smaller
sample sizes, rather than lase a portion of the sample to
training and testing, randomly selected samples of the same
data set were retested several times to observe for consis-
tency of the tree models. Sayyad et al. (2011}, for instance,
performed  cross-validation with 10 randomly  selected
subsets {called ‘sample folds’), providing a measure of the
final tree’s predictive accuracy for risk of progression of
diabetic nephropathy. This type of validation technique s
open to criticism for not testing the model on observations
quarantned from the model during its development,

© 2013 The Anthors. Journal of Advanced Nursing Published by John Wiley & Sons Ltd, 7

134



The DaME Il Study

L. Kubm et al.

The methodology for CaRT validation described by
Williams (2011) is likely to provide a more robust option
for validation, bur is best suited to application to moderate-
to-large data sets. The R program readily lends itself to this
three-way testung procedure.

Willams {2011} describes models built using  three
entirely separate, randomly selected subsets of the whole
sample in R. Rpart provides an automatic partition func-
tion the researcher can easily select out of or change. The
default partition is set at 70/15/15 of the total sample.
Another common separation is 30730 (Williams 2011},
which provides more balanced proportions among the three
samples, Random selection in the program provides three
samples of the independent  of
researcher influence. The final decision of the partition ratio
configuration rests with the researcher, who will seek to
build the most stable tree model. In o recent study using
regression tree analysis to determine factors influencing
treatment onset times for patents with myocardial infarc-
nons ammiving at hospitals, the authors used 35/35/30 per
cent divisions to enable more balanced proportions for wee
development (Kuhn et gl 2013}, As CaRT methods are
novel in nursing research, the researchers chose to under-
take their own randomized selection using Microsoft Excel
{2016, This enabled reader comparison of sample charac-
teristics across the three validation subsets with cach other
and with the whole data set (Kuhn et al. 2013).

The first randomly selected partitioned subset is the train-
ing data set, which is used to provide an estimate of the
model’s unbiased performance (Williams 2011). The obser-
vatons used in this first data set are used for algorithm
training, rather than model building, and remain segre-
gated. The second data set is called the validation data set
and is used to test various iterations to fine-tune the model
{(Williams 2011}, Labelling this set ‘validation” may lead to
some confusion, however, as it does not provide 2 means of
evaluating the performance of the derived model (Williams
2011). Williams says that this can also be called a ‘design
dataset” (p. 60) because it is manipulated by the researcher
to design the model, which is less confusing. Model param-
eters such as the minimum observations in node size, com-

representative data,

plexity parameter and number of vanables or nodes will be
adjusted to improve performance of the developing model
in this second data set (Williams 2011). This is a critical
part of the researcher’s role and tends to be developed
slowly through an iterative process. The final portion of the
onginal sample, the testing data set, is also called the *hold-
out’ or ‘out-of-sample” data set {Williams 2011, p. 6{). This
third data set will have been randomly selected and holds
no observations previously used in the other two data sets.

[t provides an ‘unbiased estimate of the true performance of
the model on new, previously unseen observations’ (Wil-
liams 2011, p. 60). This provides the CaRT method with a
technigue for internal validation.

Whilst some researchers have used a variety of techniques
that have continued to incorporate sample data used to
develop as well as test the model, validation of CaR'T
analysis is ideally performed using an independent, external
data set {Blumenstein 2005). In his editorial, Blumenstein
{2005) says that it is still internal validation unless the trees
are tested on data collected from other settings. External
validation is not always possible, however, and CaRT
researchers argue that their tree analyses are exploratory
and need to be further tested in larger, prospective trials at
any rate {Hess er al. 1999), They use trees derived by inter-
nal validation to make known previously undescribed asso-
ciations between variables to enable further, targeted
research. Discovering these new, otherwise indistinguishable
relationships amongst data is their intention,

Implications for nursing

The aim of this paper was to provide a non-technical
mtroduction and methodological overview of CaRT analy-
sis to enable the method's effectual uptake into nursing
research.

CaRT analysis is a useful means of identifying previously
unknown patterns amongst data. Complex interactions are
elucidated clearly between covanates and the vanable of
interest in an casy-to-understand tree diagram. Without
researcher bias in selection of predictor vanables, the CaRT
analysis creates subgroups by testing all possible variable
splits and illustrates previously unseen interplay amongst
variables, enabling the researcher to hypothesize and further
test the vanables against each other in an informed way.
Through carcful application of algorithms at cach step, the
computer algorithms examine for paterns and disparities
between all variables. The process is not necessarily an casy
or fast one applied by the researcher. As with many other
methods of database analyses, it can be tedious, with many
attempts and adjustments made to select the right stopping
rules and the best tree size to provide the most predictive
model, without showing every observation m a leaf or
terminal node,

Despite the encumbrances in uncovering the relationships
between variables, CaRT offers meaningful insight into
interactions between variables, which are not revealed by lin-
eat, traditional quantitative research because such research
methods seek to observe global patterns amongst data. If
research is restricted to these global paradigms, meaningful
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interactions between separate variables, and therefore rea-
sons things occur the way they do, may not manifest.

An increasing number of large databases are becoming
available in what has been popularly labelled *big data’
{Mayer-Schanberger & Cukier 2013} and more of these are
likely to be linked, dramatically increasing their usefulness
in rescarch in the future. As yet, there are few cffective
methodological approaches available for nurses and other
health researchers to meaningfully engage with the expo-
nentially increasing volumes of available data. CaRT has a
potentially valuable role as part of mixed method research
as it highlights potential relationships, which can be invest-
gated cither quanttatively or qualitatively, For example,
outcomes in health systems can be analvsed, risk models
developed and those factors influencing poorer outcomes
may be identified and rectified.

Whilst there are several reasons to embrace this method
as a means of exploratory research, it is not the panacea
for all rypes of model development, Like all database
research, issues related to institutional Rescarch Ethics
Committee approval, as well as access to, and quality of,
data collected and the feasibility and usefulness of the out-
come, need to be considered.

Conclusion

Classification and regression tree analysis presents an excit-
ing opportunity for nursing and other healthcare research.
The approach is an casily interpreted, computationally dn-
ven and practicable method for modelling interactions
between health-related variables, the significance of which
would otherwise remain concealed. The importance of this
cannot be overstated, as frequently, in healthcare research,
there are unidentitied factors influencing patient outcomes.
The opportunity to identify and test the relevance of these
factors is the beauty of this method. Independent of
researcher preconceptions regarding fir berween variables,
knowledge is presented in a way that removes the need for
prohibitive statistical procedures or mathematics, to provide
insightful understanding of complex and  hierarchical
relationships,

Classification and regression tree analysis is 2 quantitative
research wol, which has previously received litle attention
from nurse researchers, but is likely to become a common
method for exploring large data sets in the push to integrate
evidence in nursing practice in the future. Due to the abil-
ity, rapidly, to discern patterns amongst variables, CaRT
will become a valuable means by which to guide nurses to
reduce gaps in the application of evidence to practice. With
the ever-expanding availability of data at our fingertips, it

CaRT Method

is important that nurses understand the utlity and limita-
tions of this research method.

Future nursing research should engage CaRT for its
exploratory and explanatory value when access to large
data sets is available to evaluate whar is working for
patients across healthcare systems in terms of processes and
equity of care, cnabling nurses to advocate, educate and
rectify any climcal management gaps through refining
models of contemporary care.

Funding

The first author was supported by an Australian Postgradu-
ate Award with Stipend and a grant from the Royal College
of Nursing, Australia Nartional Rescarch and Scholarship
Fund.

Conflicts of interest

No conflicts of interest have been declared by the authors.

Author contributions

All authors have agreed on the final version and meer at
least one of the following criteria [recommended by the
LCMJE (hetp:/fwwav.icmye.orglethical _Tauthor hrml}]:

« substannal contributions to conception and design,
acquisition of data, or analysis and interpretation of
data;

o drafting the article or revising it critically for important
intellectual content.

References

Blumenstein B.A, {2005) A comment on the unlity of recursive
partitioning. Journal of Clinical Oncology 23(19}, 4254-4255,
Bonner G, {2001} Deasion making for health care professionals:
use of decision trees within the commumey mental health serming.

Jemrnal of Advanced Nursing 35(3), 349-356.

Bresman L, Frnedman ], Olshen R. & Stone C. (1984}
Classification and Regression Trees. Wadsworth International
Group, Belmont, CA.

Chang Y.]., Chen L.J., Chang K.P. & Lax M.S. (2012} Risk groups
defined by recursive partivoning snalysis of patients  with
colarectal adenocarcinoma  treated with colorectal resection.
BMC Medical Research Methadalogy 12, 2. dor 101186/
1471-2288-12-2.

Crawley M.J. (2007} The R Book. Joha Wiley & Sons, Hoboken,
NJ.

Crichton N.|., Hinde |.P. & Marchimi |. (1997} Models for
diagnosing chest pain: is CART helpiul? Statistics in Medicine 16
{7 T17-7270.

© 2013 The Authors. fournal of Advanced Nursing Published by John Wiley & Sons Lid. 9

136



The DaME Il Study

L. Kudsn ex al,

Dowding D. & Thompson C. {2004) Using decision trees 1o aid
deciston-making in nursng. Nursing Times 100(21), 36-39.

Fan |, Xiao-Gang S, Levine R.A, Nuan M.E. & Leblane M,
{2006) Trees for correlated survival data by goodness of spht,
with upplications 1o tooth prognosis. Journal of the Amerncan
Staristical Associativn 101{475), 959-967.

Fonarow G.C.. Adams K.F. Je, Abeaham W.T, Yancy C.W, &
Boscardin W.1. (2005) Risk strarificanon for in-hospital mormality
i acutely decompensated hearr fallure:  classification  and
regression tree amalysis. Jowmal of the American Medical
Association 293(5}, §72-580.

Frisman L., Prendergast M., Lin H.J., Rodis E. & Greenwell L,
(2008) Applying classificanon and regression tree analysis to
identify prisoners with high HIV risk behaviors. Jowrnal of
Psychoactive Drugs 40{1), A47-458,

Gardino 5.1, Jeruss 1.5, & Woodrufi T.K. (2010} Using decision
trees 10 enhance interdisciplinary team work: the case of
oncoferulity. fouwrnal of Assisted Reproduction and Genetics 27
(5), 227-231.

Hess K.R., Abbruzzese M.C., Lenzi R, Raber MUN. & Abbruzzese
J.L. (1299} Classificanon and regression tree analysis of 1000
consecutive parients with unknown primary carcinoma. Clinical
Cancer Research 5{11}, 3403-3410,

Hurwitz. j., Nugent A., Halper F. & Kaufman M. (2013} Big Dara
for DUMMIES. John Wiley & Sons, Hoboken, NJ,

Karaolis M.A., Moutins J.A,, Hadppanay D. & Patnchis CS.
12010} Assessment of the risk factors of coronary heart events
based on data muning with decision trees, IEEE Transactions on
Information Technology in Biomedicine 14(3), §59-566.

Kuhn L., Worrall- Carter L., Ward ], & Page K. (2013) Factors
associated with delayed treatment onser for acute myocardial
infarction in Victonian emergency departments: 4 regression rree
analysis. Australasian Emergency Nursing fournal, doi: 10,1016/
paen) 2013.08.002,

Lamborn K.R., Chang SM. & Prados M.D. (2004] Prognaostic
factors for survival of panents with glioblastoma: recussive
parntioning analysis. Newrological Oscaology 6(3}, 227-235.

Lange L.L, & Jacox A. (1993} Using large data bases 1n nursing
and health policy research. fournal of Professional Nursing 94},
204-211,

Leclerc B.S., Begn C., Cadieux E., Goulet L., Allaire [.F., Meloche
Jo Leduc N. & Kergoar M.J. 2009) A classification and
regression. tree  for  predicung  recurrent  falling  among
community-dwelling seniors using home-care services. Canadian
Journal of Public Health. Revue Canadienne de Sante Publigue
100(4), 263-267.

Lemon S.C., Roy ., Clack M.A., Friedmann P.D. & Rakowski W,
{2003} Classification and regression tree analysis in public health:
methodological review and comparison with logistic regression.
Annals of Behavioral Medicine 26(3), 172-181,

Magee T., Lee S. M., Guuliano K.K. & Munro B, (2006} Generating
new knowledge from existing dara: the use of large dara sers for
nussing research. Nursing Research 55(2), $50-56.

Mayer-Schonberger V. & Cukier K. (2013} Big Data: A Revolution
Thar Will Transform How We Live, Work and Think, An
Eamon Dolan Book, Houghton Mifflin Harcourt, Boston, MA.

Prasad AM., Iverson LR, & Liaw A. (2006] Newer classificanon
and regression tree techniques: bagging and random forests for
ecological prediction, Ecosystems 9, 181-19%,

Protopopoff N, Van Bortel W, Speybroeck N., Van Geertruyden
1Py Baza D. D'Alessandro U, & Coosemans M. {2009}
Ranking malaria risk factors w guide malana control efforts in
African  highlands. PLoS ONE 4(11), e8022. doi:lL137V
journal.pone. 0008022,

Quintana .M., Bilbao A, Escobar A, Azkarare |, & Goenaga ]I,
(2009} Decision trees for indication of total lup replacement on
patients with osteoarthnus. Rhewmatology 48(11), 14021409,

R Development core Team (2010) R: A language and environment
for statistical computing. R Foundaton for Statisucal
Compunng, Viennz, Austria.

Rokach L. & Maimon O. (2007} Dats Mining with Decision
Trees: Theory and Applications. World Sciennfic, River Edge,
NI

Sayvad M.G,, Gopal G. & Shahani A.K. (2011) Classificanon and
regression trees: @ possible method {or creating risk groups for
progression to disbetic nephropathy. Jowrnal of Applied Sciences
1112} 2076-2083.

Spevbroeck N, (2012} Classification and  regression  trees.
International fournal of Public Health §7(1), 243-246.

Strobl C., Malley J. & Tutz G. {2009} An introduction 1o recursive
partitioning: rationale, application and characterisucs  of
classificanion and regression trees, bagmng and random forests,
Psychological Methods 1414), 323-348.

Su X. Azuero A, Cho ], Kvale E., Meneses KM, & McNees
M.P, {2011} An Introduction to tree-structured modeling with
application 1o quahty of life data, Nwrsing Research 60(4), 247~
258,

Williams G. {2011) Data Mining with Rattle and R: The Art of
Excavating Data for Knowledge Discovery. Springer, New York,

Zhang H. & Singer B.H, (2000) Recursive Partitioning i the
Health Sciences, 2ad edn. Springer, New York.

10 i 2013 The Authors, Journzl of Advanced Nursing Published by John Wiley & Sons Lid.

137



The DaME Il Study

JAN: DISCUSSION PAPER CaRT Method

The Jowrnal of Adwinced Nuvsing (JAN) s an tnemational, peer-reviewed, scientific journal. JAN contribures 10 the advancement of
evadence-based nursing, nudwifery and health care by disseonnanng high quality research and scholaeshup of contemporary relevance
and with potential 1o advance knowledge for practice, educanon, munagement or palicy. JAN pablishes research reviews, oniginal
research reparts and methodological and theoretical papers.

For further information, please visit JAN on the Wiley Online Libeary wehsite: www.wileyonlinelibrary.comjournalian

(W]

R to publish your work in JAN:

* High-impact forum: the woeld’s most cited nursing jonrnal, with an lmpacr Factor of 1527 - ranked 14001 i the 2012 151 Jour-
nal Giranon Reporss © (Nursing (Socsal Science}),

* Most read nursing journal i the world: over 3 imllion arodes downloaded online per year and accessible m over 10,000 libraoes
wotldwide (ncheding over 3,500 an developing countnes with free or low cost access),

* Fast and easy online submission: onlme submsssion at https/meananuscnpteentral.comsjan.

* Positive publishing experience: rapid double-blind peer review with construcrive feedback,

* Rapid online publicanon m five weeks: average time from final manuscnipt arnving in production to enline pubhcation.

* Online Open: the option 1o pay 1o make vour arricke freely and openly accessible o non-subscrnibers upon publication on Wiley
Online Libeary, as well as the option to deposit the armcle i your own or your funding agency’s preferred archive (e.g. PubMed!),

138



The DaME Il Study

4.3

Publication — research paper

ii. Risk factors for delayed treatment onset for AMI in the ED

Kuhn L, Worrall-Carter, L, Ward J. & Page K. (2013). Factors associated with delayed treatment
onset for acute myocardial infarction in Victorian emergency departments: A regression tree
analysis. Australasian Emergency Nursing Journal, 16(4), 160-169.

Australasian Emergency Nusing Journat {(2013) 16, 160165

Available onkne at www sciencedires! com

ScienceDirect

ll SF\ } l ’\v lournal homopage: www alsevier.com/locate/aen)

RESEARCH PAPER

Factors associated with delayed treatment () coeves
onset for acute myocardial infarction in

Victorian emergency departments: A

regression tree analysis

Lisa Kuhn, RN, DipAppSci(Nurs), EmergCert, GradDipNurs, MHSc,
MACN®-*

Linda Worrall-Carter, RN, CoronaryCareCert, BEd, MEd(Prelim), PhD®
John Ward, BA(Hons), DipAppSci, MAE"

Karen Page, RN, BEd, GradDipAdvNurs(CritCare), MN, DN®

A St Vincent's Centre for Nursing Research, School of Nursing, Midwifery and Paramedicine, Faculty of
Health Sciences, Australian Cathotic University, 115 Victoria Parade, Fitzroy, Metbourne, VIC 3065,
Australia

Y Faculty of Higher Education, Swinburne University of Technolegy, Burwood Road, Hawthorn, Melbourne,
VIC 3122, Austratia

* Clinical Care Engagement Department, Heart Foundation, Level 12, 500 Collins Street, Melbourne, VIC
3000, Australio

Recelved 12 June 2013 ; received in revised form 12 August 2013; accepted 19 August 2013

KEYWORDS Summary
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Myocardial infarction; variables affecting it. The aim of this study was to develop a regression tree model explicating

Regression tree; ! the influence of patient and non-patient factors on the time taken to commence treatment for
patients with AMI in Victorian EDs.

Time;
Trtaeé‘ Methods: A regression tree model for variables impacting time to treatment was developed on
Wome:w retrospective data for patients aged 18-85 years with AMI treated in Victorian EDs from 2005

to 2010 (n=21,080). Data were partitioned into three subsets, with a complexity parameter set
at 0.0005.

Results: Four variables emerged in the final regression tree medel: triage score; mode of arrival;
area of residence; and patient sex. The variable most influencing time to treatment onset for
AMI was triage category. For undertriaged patients, treatment time patterns were affected by
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arrival mode, residential location and their sex, significantly extending delays to treatment onset.
Conclusions: Interactions between specific variables influenced whether patients with AMI were
treated with equity in Victorian EDs, resulting in previously unidentified evidence-practice gaps
and an improved understanding of which patient groups were vulnerable to delayed treatment

for AMI,

@ 2013 College of Emergency Nursing Australasia Ltd. Published by Elsevier Ltd. All rights

reserved,

What is known?

Patients with AMI should be assessed and managed
rapidly to enable maximal coronary reperfusion and
minimise myocardial damage. Triage decisions should
be based on clinical indications and not patient demo-
graphic or other non-clinical factors,

What this paper adds?

Our study explores equity of care onset for AMI in Victo-
rian EDs over a 5 year timeframe. It demonstrates time
to treatment onset is unduly affected by a number of
variables in Victorian public hospital EDs, Non-clinical
influences on utilisation of evidence based therapies
can be minimised now that these factors have been
explicated and relationships between them defined.

Introduction

Coronary heart disease (CHD) is Australia’s leading killer of
women and men.' Acute myocardial infarction (AM) is one
of the most frequent and time-critical of the CHDs man-
aged in emergency departments (EDs). Damage from AMI is
amenable to treatment and clinical outcomes can be fur-
ther improved by closing current gaps between evidence and
practice.’

A dictum commenly used in relation to management of
AMI is ""time is muscle'™ emphasising the importance of
reducing delays to treatment onset. System delay has been
described as the only risk factor that can be medified in
the acute phase of AMl treatment.'” It has been suggested
if coronary reperfusion is achieved in the first 1-2 h after
AMI onset, the death rate could be halved.” According to
Australian’ and USA" AMI management guidelines, revas-
cularisation is ideally administered in less than $0Omin of
onset for many AMis, particularly the ST-segment elevation
myocardial infarctions (STEMIs). Researchers have shown
even greater gains if door-to-treatment times are reduced
further, particularly for the STEMIs.” "

As the gateway to EDs in Australia is via the triage pro-
cess, it is likely triage is integral to the process of timeliness
to treatment of AMI. The Australasian Triage Scale (ATS) is
the five-point scoring system used in Australasian EDs by
which nurses, who have received specialist education and
training in emergency care and the triage role, establish
a chief complaint and designate clinical urgency accord-
ing to their answer to the following question: '"This patient
should wait for medical assessment and treatment no longer
than. . .n.lhph

Triage decision-making is recognised to be a com-
plex and dynamic process,'’ with most patients arriving

for assessment without differential or provisional diag-
noses. Numerous patients may present for triage assessment
simultaneously.'' Important decisions are made '"in the con-
text of significant time constraints, crowded waiting rooms,
and high patient anxiety"". """ Triage nurses rely on what
they find during objective and subjective assessments, and
come to decisions partly based on pattern recognition' in
the context of the systems within in which they are working.

Whilst the role of triage is a difficult one, its evaluation
is important because patient outcomes'” and measurement
of resource consumption'' are contingent upen it. Deci-
stons are evaluated according to three commonly used
outcomes; "‘expected’ or "‘correct’’; ''overtriage'’; and
“"undertriage’."’ """ These outcomes are determined by
whether or not patients are allocated a triage score at,
above or below their true level of urgency, as determined
by objective clinical and physiological indicators. "

Expected or correct triage' " for patients with sus-
pected AMI in Australian EDs is normally Australasian Triage
Score Category 2 (hereafter, ATS 2} according to the ATS
objective clinical and physiclogical indicators.'"'* Category
descriptors for ATS 2 include evaluaticn of conditions to be;
imminently life threatening or important time-critical treat-
ment or very severe pain.'' " Clinical descripters include
chest pain of likely cardiac origin.”" '® Allocation of ATS 2
confers the expectation patients will be managed by a doc-
tor or nurse within 10-min of arrival at the ED." It denotes
a high level of clinical urgency due to the time-sensitive
nature of AMI, the pain often involved and potential for
death, Patients found to be physiologically compromised
during primary survey are correctly allocated ATS 1 for
immediate treatment. The difficulty for triage nurses is that
patients with AMl may not present with any of these descrip-
tors and if AMI is not suspected because of unanticipated
patterns of symptoms or for any other reason, affected
patients may not be allocated ATS 2.

AM| is a diagnosis and not usually a presenting complaint
at triage assessment, making the evaluation of triage deci-
sions problematic. It is therefere, only after diagnosis is
assigned and not usually at the time of decision-making at
triage that it is obvious these patients fit into ATS 2 based on
the described descriptors. Without the benefit of observing
presenting complaints individually, it is difficult to judge an
individual nurse’s triage decision to be incorrect. Instead,
we are able to retrospectively assess that as an aggregated
group, patients with AMI best fit the descripters for ATS 2
and are therefore, '"undertriaged’’ if given a lower acuity
score than this. Those patients with AMI given ATS 3, 4or 5
are designated in the current study to be ""undertriaged’’ as
a greup. Undertriaged patients are at increased risk of mor-
tality because of the delayed onset of their management.'’

Evidence based therapies for AMI are intended to be
implemented according to clinical need, but decisions
regarding their administration may be subject to non-clinical
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influences both because of the system, as well as triage
nurses’ decisions, Such non-clinical influences can be dif-
ficult to identify and may lead to disparities in treatment
amongst patients. Little research has been conducted exam-
ining the factors that may influence time to treatment for
AMI from the time patients arrive at the ED.

Due to the lack of evidence in the ED environment, we
have explored research literature from other acute hos-
pital areas, A number of clinical and non-clinical factors
have been reported to negatively impact upen treatment
decisions and reduce the application of evidence based
treatments for numerous patient groups with AMI. These
include disparities related to race and ethnicity,'” dis-
tance to catheter laboratories,’” patient sex and gender,”' 7/
age,”’** urban or non-urban patient address™ and sociode-
mographic factors generally.”

We believe it is possible many of these variables also
affect decisions regarding management for patients with
AMI in the ED. It has recently been identified that patient
sex influences time to treatment onset for AMI,”" but it s
likely a number of complex, non-linear interactions amongst
patient variables, in addition to sex, influence treatment
commencement and result in inequitable distribution of
timely interventions for patients experiencing AMI. If bet-
ter understood, these may be amenable to improvement
and patients may be treated with increased equity. A key
question in the Australian Government's National Health
Performance Committee’s framework in relation to Health
System Performance is; ''Is it the same for everyone?''*
We have undertaken to answer this of the Victorian triage
system for patients with AMI. The aim of this study was to
explore the influence of demographic and clinical variables
on the time taken to commence treatment for patients with
AMI in public Victorian EDs.

Materials and methods

We performed a retrospective analysis on non-identifiable
Victorian Emergency Minimum Dataset (VEMD) data col-
lected by the State Government of Victoria Department of
Health {DoH} on all patient presentations classified as ‘alive
on arrival’ with a principal ED diagnosis of AMI from July 1st
2005 to June 30th 2010 (n=21,080). Patients were aged from
18 to 85 years and included all of those who presented to all
34 non-specialist Victorian public hospital EDs. Private hos-
pital EDs were excluded due to incomplete data reporting
to DoH over part of the investigated period.

Descriptive statistics, including number and percentage
of patient deaths, mean age and treatment times with
standard deviations were calculated using SPSS Statistics
Version 18.0 (SPSS Inc, an IBM Company, Chicago, IL, USA)
frequency and descriptive tables.

The 18 metropolitan and 16 regional hospitals were
defined according to State Government Department of
Human Services regicnal and metropolitan boundaries based
on the Australian Standard Geographical Classification
2005.77 " We converted local government area (LGA) data
for patient residence to numerical data based on Secio-
Economic Indexes for Areas (SEIFA) for Victoria, from 1
(lowest sociceconomic status) to 80 (highest secioecenomic

status) to test for soclodemographic influence in treatment
onset times for AMI."'

The VEMD dataset provides information on all patients’
exit diagnoses from EDs, which are coded according to
the International Classification of Diseases, 10th Revision
Australian Modification. We used data for AMI, coded as
Acute Myocardial Infarction, Unspecified {121.9). |t was not
pessible to differentiate according to internaticnal acute
coronary syndrome nomenclature for AM|; STEMI and NSTEMI
using the VEMD dataset.

Time to treatment onset was the dependent variable.
It was a continuous varlable, recorded in minutes and was
defined according to Australian Institute of Health and Wel-
fare (AIHW) as elapsed time between patient presentation in
the ED and time to commencement of the ED non-admitted
clinical care.” Commencement time was used as a proxy
measure of time to treatment onset. Times to electrocar-
diography, other tests and treatments were not available,
Apart from patient age {1884 years, inclusive), which was
initially analysed as a continuous measurement, all other
variables were categorical: triage was trinomial to enable
separate analyses for ATS 1 and 2 as correct for AMI, and
ATS 3—5 were grouped as undertriaged for AMI; and all other
categories were analysed as binomial data.

Statistical analysis for regression tree modelling was
undertaken using classification and regression tree (CaRT)
methodology’ with the R statistical package.™ A chrono-
logical summary of the methodological process is provided
in Table 1. ACaRT model was used to explore the influence of
specified independent variables on the time taken to treat
patients from arrival with AMI in Victorian EDs. Because the
target variable {time to treatment onset) was continuous,
rpart with Rattle (Version 2.6.17, Togaware, 2012}, was used
to investigate relationships of a large number of possible
independent variables on commencement time to determine
which factors have the greatest influence on it.”’

Rpart was applied to non-identifiable patient presenta-
tion data extracted from the VEMD for all patients with AMI
over these five years. Independent variables were identified
using an iterative approach. A series of 'test' trees were
built by recursive partitioning and a model developed based
on recurring clinical and demographic variables.

The number of splits in a model defines the medel’s
level of complexity and is controlled by the complexity
parameter,”” which was set at 0.0005 after appraising trees
at several different complexity levels and deciding that no
real information gain was achieved with greater levels of
complexity. Any less than the 0.0005 threshold resulted in
unstable, large trees with no perceivable new knowledge
uncovered.

We used the "information gain' measure ” internal to the
programme to decide between alternative splits.

The minimum number of observations that could be in a
split (child or terminal) node was set at 20 and the maximum
depth at four levels of splits, hence, contrelling the tree
size, The minimum split result that could be accepted in a
new node was 10.

Variables that did not recur during this process or
made the trees too complicated and nonsensical were
either redefined and retested or withdrawn from the final
model’s development during the early 'pruning’ process.”
Patient age as a continuous variable was removed from
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Table 1 Summary of major stages of the current regression
tree model development process,

1. Data preparation
Presentation data for ali patients meeting inclusion criteria
with AMI from Victorian public hospitals extracted from
VEMD and cleaned to create full AMI dataset in=21,080)
String variables recoded to numeric and where possible,
changed to binomial (trinomial for triage score) variables
using SPSS {V 18,0} for regression tree analysis

2. Data description, variable selection and testing
Descriptive statistics were completed for full AMI dataset
with SPSS
The dataset was converted to comma separated values
(CSV) format for transfer into R (2010} for analysis using
downloaded rpart and Rattle packages {2012)

The default partition in rpart (70/15/15) was accepted for
testing with a random seed selected to ensure
repeatability of results when retesting trees with different
variables or researcher-set parameters (such as minimal
number of observations in nodes which can be divided)
Time to treatment onset (minutes) was designated the
dependent variable

All other numeric variables were tested in rpart and Rattle
for prominence and recurrence at varicus complexity
parameters. VYariables unheralded through repeated
testing were withdrawn or redefined and retested if they
appeared during testing, but were inconsistent or made
the regression trees too complicated and uninterpretable
After removal of variables that failed to recur, remaining
variables were retested and resulted in similar shaped
trees with common variables repeatedly selected by rpart
and Rattle at different complexity parameter levels

3. Developing the final tree for interpretation
To enable visual inspection and comparison of the
characteristics of partitioned subsets in a table (Table 2},
data were moved to and randemised in Microsoft Excel
(2010)
The complete AMI dataset was randomly partitioned into
three subsets (35/35/30) to enable regression tree analysis
validation of three groups of similar sizes without
contamination from cross-over between groups and review
of each sample. These became the training, validation and
holdout (final) samples for regression tree building,
integral to the validation process
Descriptive statistics were completed for all subsets
(Table 2) in SPSS
Data were moved back into R separately from each of the
three subsets via CSV. Three separate trees were built with
all variables identified as important in Stage 2 included for
possible selection by statisticat algorithm in rpart and
Rattle
Regression trees developed were consistent in order of
variable selection and stable in their shape. Only one
variable, most distal to the top of the trees exhibited any
variation in selection by the rpart algorithm (Fig. 1, Nodes
30and 31)
The results are illustrated in Fig. 1 and explored in the
“‘Results’' and '"Discussion’” sections

analysis at this point, It was receded and analysed in
five-year groupings, but again failed to appear in branch
or terminal nodes during testing. The variable was then
split at 51 years, the average age for women expe-
riencing menopause in Australia’ in recognition that
post-menopausal women experience higher incidence rates
of AML'® SEIFA was another problematic variable within
the trees and tended to make them overcomplicated and
unstable. This was rectified by swapping SEIFA for the
metropolitan versus regional binomial variable, which was
felt to be reasonable because SEIFA's delineation into ranks
incorporates the metropolitan/non-metropolitan variable
into the calculation.”

Validation

The method of validation we applied has recently been
described in a methodological review of regression tree
analysis in nursing research.”’ Briefly, we used three sub-
samples, as outlined by Willlams, " which suited analysis of
a dataset this size. The first set was the training dataset
which provided an estimate of the model's performance.
The second set was called the validation dataset and was
used to further fine-tune the model. The third and final sub-
set was called the holdout or out-of-sample dataset and
provided ‘‘an unbiased estimate of the true performance
of the model’".”*"¥ The default partition in rpart is set at
70/15/15 proportions of the whole sample.'” This can be
altered to test different proportions or deselected if want-
ing to develop a model on the whole dataset, which may
be necessary when using smaller samples. If it is decided
the dataset needs to be split for validation, the preferred
partition proportions are selected and rpart undertakes ran-
dom selection internally to ensure the same observations
are not included in the different subsets. All randomised
observations remain segregated in three separate groups to
avoid introducing bias across subsets. The decision to select
a seed number for randomisation is made by the researcher.
To ensure results were repeatable, we set a random seed
of 42 and reset it to this each time we ran rpart on testing
samples.,

When we reached the stage for development of the
final regression tree, we made two adjustments to the
model-building process described for preliminary testing to
maximise the interpretability and clinical usefulness of the
model. First, we wanted to display the demographic char-
acteristics of each of the subsets in a table next to each
other so we could visually inspect and compare the sub-
sets with the whole dataset for patients with AMI and each
other (Table 2). To do this, we randomised the data using
Microsoft Excel (2010). Second, we chose to randomly assign
the dataset into three subsets roughly equating to 35/35/30
percent divisions, believing that a maximum S5%point dif-
ference in proportions provided well-balanced and suitably
large dataset sizes to enable each of the three models to
develop. The sample size in each varied slightly from the
absolute percentage due to random selection (Table Z).

Ethics approval

This paper reports the findings of a research study that
conformed to the Naticnal Statement on the Conduct of
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Table 2 Demographic characteristics for all patient presentations and randomised subsets with AMI.

Variable Whole dataset Training dataset Validation dataset Holdout dataset
Total (%) Total (%} Total {%) Total (%)
Patient sex, male 14,442 (68.5) 5062 (67.8) 5025 (68.5) 4355 (69.3)
Patient sex, female 6638 (31.5) 2400 (32.2) 2309 (31.5) 1929 (30.7)
Age <52 3785 (18.0) 1379 (18.5) 1257 (17.7) 1109 (17.6)
Age =52 17,295 (82.0) 6083 (81.5) 6037 (82.3) 5175 (82.4)
ATS 1 1250(5.9) 439(5.9) 453 (6.2) 358 (5.7)
ATS 2 12,161 (57.7) 4317157.9) 4219(57.5) 3625{57.7}
ATS 3-5 7669 (36.4) 2706 (36.3) 2662 (36.3) 2301 (36.6)
Metropolitan 14,168 (67.2) 5004 (67.1) 49311(67.2) 4233 (67.4)
Regional 6912 (32.8) 2458 (32.9) 2403 (32.8) 2051 (9.7)
Arrival by ambulance 13,371 163.4) 4690 162.9) 4638 {63.2) 4043 (64.3)
Arrival by other 7709 {36.6) 2772 (37.1) 2696 (36.8) 2238 (35.6)
English-speaking 19,104 (90.6) 6754 (90.5) 6631 (90.7) 5699 (90.7)
NES preferred 1976 (9.4} 706 {9.5) 683(9.3) 584 (9.3)
Indigenous status; yes 12510.6} 54i0.7) 4210.6) 29 (0.5)
Death 145 (0.7) 44(0.6) 53(0.7) 48 (0.8)
Variable Whole dataset Training dataset Validation dataset Holdout dataset
Mean [SD] Mean [SD] Mean [SD] Mean [SD]
Age in yrs, all 64,77 [13.13] 64.66 [13.19] 64,77 [13.1] 64,9 [13.1]
Age in yrs, male 62.84 [13.07] 62.78 yrs [13.16] 62.79 [13.01] 62.96 yrs [13.03]
Age in yrs, female 68.97 [12.25] 68.62 yrs [12.36] 69.06 [12.22] 69.30 yrs [12.13]
Treatment time min, all 12.75 [27.71) 13.37 [30.29) 12.58 [26.51] 12.22 [25.81]
Treatment time mins, male 11.76 [25.71] 12.25 [27.42] 11.70 [25.02] 11.26 [24.41]
Treatment time mins, femate 14,91 [31.53} 13.73 [35.48] 14,49 [29.41) 14,38 [28.63]
Total 21,080 (100) 7462 (35) 7334 {35} 6284 (30}

AMI, acute myocardial infarction; ATS, Australasian Triage Scale; mins, minutes; NES, non-English speaking; pts, patients; SD, standard

deylation; and yrs, years of age at presentation,

Human Research by the Australian National Health and
Medical Research Council. The Australian Catholic Univer-
sity Human Research Ethics Committee approved the study
{HREC V2009 83). The Victorian Department of Human Ser-
vices "'Conditions of Release of Patient Level Data Sets''
were also met.

Results

Complete data were avallable for 21,080 patient presenta-
tions with AMI. Six independent variables were identified
using these methods for inserting into R for regressicn
tree analysis Including; triage, mode of arrival (ambulance
or non-ambulance), residential location (metropolitan or
regional), patient sex {male or female), preferred language
{English or non-English), and age (18-51 years or 52-84
years, inclusive), Prior reports have suggested inequities in
healthcare related to Aberiginal and Torres Strait Istander
descent,™ ' thus indigenous status was included as the sey-
enth variable in the final model development, although it
failed to appear as a node in earlier testing. Seven variables
were included for possible selection by statistical algorithm
in the final model (Table 2).

The demographic characteristics of the three subsets, as
well as those of the whole sample are shown in Table 2.
Patient death, age and mean treatment onset time for each

of the samples have been included for comparative pur-
poses, including between the sexes and do not constitute
components of the regression tree model.

Patient demographic characteristics were observably
similar across the four groups, as were mean ages, times
to treatment and proportions of deaths across the groups
(Table 2). The mean age difference between men and
women was approximately six years, with women presenting
at EDs with AMI at a more advanced age generally. Wemen
also waited several minutes longer overall to have their
treatment commenced than their male counterparts across
all samples. There were a small percentage of patients
presenting to EDs who stated they were of Aboriginal or
Torres Strait Islander origin {Table 2). Indigenous-identifying
patients did not feature in any nodes identified by CaRT
algorithm,

The final regression tree model is depicted in Fig. 1.
The left side of the tree includes these patients with AMI
who were allocated either ATS 1 or 2. Treatment onset
time for patients on the right side of the tree was depend-
ent on a number of consistently expressed variables, the
first of which was undertriage (ATS 3, 4 or 5}). The three
regression tree models developed from the three subsets
were remarkably similar in appearance, with only the pos-
itions in the trees occupied by Nodes 30 and 31 (English
speaking or Non-English speaking preferred) changing vari-
ables intermittently between Male or Female and Age, split
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before and after 51 years. The observations in each of the
coloured nodes were similar in volume, as were the mean
times to treatment onset in minutes for each of the vari-
able pathways throughout the trees. Some variation in the
outcomes in regression tree analysis is expected,” but the
conformity between the nodes and pathways demonstrated
throughout the various regression trees implies development
of a good model. Only the final (holdout) tree model devel-
oped with the benefit of the training and validation datasets
is presented here (Fig. 1). The grey nodes denote the vari-
able found to be the least stable. It might be reasonable
to prune these nodes view from the model and avoid men-
tioning the interchange of patient sex and age in their place
however we found their occurrence so common in the mul-
tiple test trees, we believe they warrant a place in our
discussion.

The greatest impact upon time to treatment was the
triage category to which patients were assigned. When the
triage nurse allocated ATS 1 or 2, the patients with AMI
experienced minimum delays and were seen on time, which
is defined as when clinical care is commenced within the
time specified in the definition of triage category.” When
patients were assigned ATS 3, 4 or 5, treatment time onset
for AMI depended upon a series of demographic factors
within their profiles, The most influential variable affecting
treatment time onset after allocation of ATS Category was
arrival by ambulance. Patients were seen faster on average
if they arrived by ambulance than if they did not, which usu-
ally meant they arrived by private car, walked, came with
police or via public transport. This was the case for patients

]

Ambulonce
20.03 mins [15249)

(3]
Mty it
311 mjue
|4a4)

Under-trisge Al

observed number
level

Regression tree for VEMD variables affecting time to treatment for holdout sample of patients presenting to Victorian

allocated ATS 2, as well as those undertriaged (ATS 3-5).
Patients who were assigned ATS 2 and presented by ambu-
lance were still seen in less than the expected 10min on
average.

For those patients who did not arrive by ambulance and
were undertriaged, treatment onset times depended upon
whether they were from regional or metropolitan LGAs.
Patients from non-metropolitan areas had faster time to
treatment onset than those from metropolitan areas, and
men were seen faster than women from this group by more
than Smin in the final model (Fig. 1). Women waited tonger
than men for treatment onset for AMI if they were under-
triaged, did not arrive by ambulance and lived in a regional
area.

There was a difference in treatment onset time observed
in a number of regression trees, including the final model for
the subset of patients who were undertriaged, did not arrive
by ambulance and were from metropolitan LGAs, according
to their preferred language status (Fig. 1). Patients of either
sex fitting this profile waited around 35 min for treatment to
be started if they preferred to speak English. For those who
did not prefer {or were unable) to speak English, there was a
time difference of approximately 12 min to treatment onset.
These patients experienced the longest waits for treatment
of AMI.

Discussion

We undertaok this study to characterise the time to treat-
ment onset patterns for 18—85 year old patients with AMI
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with a variety of demographic features from Victorian pub-
lic hospital EDs over a period of 5 years. In answering this,
we have gained insight into where there are disparities in
the triage system for AMl and which factors impede patient
access to equitable, early care. We have identified combina-
tions of demographic factors which are associated with the
variations in delay. Essential to improving access to timely
management for AM| for all patients is identification of fac-
tors subverting efficacy of care delivery and remedying any
deficits for all patient groups, starting with the most vulner-
able ones.

Presently, more than one in three Victorian patients with
AMI is vulnerable to undertriage. Regression tree analysis
has been used to delineate patients into groups based on
demographic factors making them mere or less exposed to
delayed treatment onset than other groups with AMI. The
vulnerability may be caused by differences in presentation
patterns amengst groups, such as women or elderly patients
who have been reported to exhibit atypical symptemato-
logy more often than other groups;™ ™ triage nurses may
believe some groups are generally less likely to experience
AMI and fail to suspect it;* or alternatively, they may realise
a patient could be experiencing an AMI, but have come to
the decision they would not benefit from early the imple-
mentation of evidence based therapy. Women for instance,
have been shown to delay presentation to hospitals after
onset of AMI considerably,"” which may cause triage nurses
to conclude their benefit from early intervention is reduced
compared to other patients who have presented within the
timeframe when treatment is most effective. We are not
able to explicate cause here, but are able to identify which
patient groups are most likely to experience delays inreceiv-
ing evidence based therapy and are therefore, susceptible
to poorer outcomes associated with delayed coronary reper-
fusion in AMI.

The regression tree model shows that after triage score
allecation, not arriving by ambulance is the next most impor-
tant factor inhibiting the speed of care delivery for AMI.
If patients with AMI do not arrive by ambulance, treat-
ment onset times are substantially delayed, particularly if
they have been undertriaged. Approximately two-thirds of
patients with AMI arrived at EDs in Victeria via ambulance
throughout the study peried. For those who did not, the cnus
was on ED triage staff and the systems within which they
practiced to ensure their evaluation and treatment was at
the highest possible standard and the non-ambulance arriv-
ing patients did not languish in triage queues or waiting
rooms.

Patients arriving by ambulance are advantaged, not only
because they are transported more safely and often with the
benefit of assessment and treatment initiated en route, but
because part of the process seems tc procure their treat-
ment commencement in the ED earlier than those who have
arrived by other means. This is consistent with previous ED
research. ® "

There appears to be a pro-ambulance treatment time
advantage, although it differs between regional and
metropolitan areas. Patients from metropolitan and regional
areas arriving by ambulance are seen faster on average
than patients with AMI arriving by other means, although
the difference is minimal when triaged cerrectly. Under-
triaged patients from regional areas [Node 12], arriving at

EDs are seen on average 8 min faster than their metrepolitan
counterparts [Node 13], also arriving via ambulance. Under-
triaged metropolitan patients who do not arrive at EDs by
ambulance [Node 13] wait over 13min longer on average
for treatment to commence than do those presenting to
their EDs by ambulance [Node 15], and over 15 min longer on
average than their regional counterparts [Node 12]. Regional
patients arriving by ambulance for AM| [Node 12] are seen
22min faster on average than metropolitan patients who
have not used ambulance transport to their treating EDs
[Node 15].

Treatment onset times are delayed for metropolitan
patients with AM! attending EDs compared to their regional
counterparts, particularly if they are undertriaged. This is
not a surprise, given the differences in volumes of patients
seen between regional and metropolitan EDs,” but it is a
positive finding for regional patients. Comparison of time
differences for regional and metropolitan patients to travel
to EDs after symptom onset or whether more regional
patients waited for transfer to other facilities for inter-
ventional cardiac procedures is beyond the scope of this
research. Likely differences in gecgraphical distance from
ED facilities and placement of most interventicnal cardi-
ology centres in metropolitan areas may mean any time
advantage in the treatment onset for AMI in regional EDs
is negated by these factors.

Regression tree analysis also uncovered further sex-
related disadvantage for regional patients who did not
arrive by ambulance to EDs. Men received treatment almost
7min faster on average [Node 28], than did women [Node
29] for AMI. This is consistent with ED research on triage
for AMI, which has found women are disadvantaged at
triage compared to men.' This has been found to be
the case throughout the trajectory of hospital care where
women tend to be discharged prematurely from EDs with
AMl compared to men,” undergo less revascularisation
procedures” "71-% and are given fewer drugs recognised
to reduce risk.” !

Recent Australian research has shown patients who are
undertriaged for AMI receive delayed treatment, and women
are significantly more likely to be undertriaged for AMI than
men.’” Hence, it is taking longer to commence treatment
for women with AMI overall. Other, mostly North American
studies have found an association between gender and incor-
rect triage for AML. " With the exception of gender and sex
however, the only other variable noted to influence ED triage
decisions for AMI was found in a recent literature review to
be a patient’s age." In contrast to this, a recent report from
research set in one large ED in the USA found no association
between race, age and sex on the time it took to do the first
ECG for AMI,™ begging further investigation.

The least stable variables identified in our medel were
at the position of Nodes 30 and 31 in Fig. 1. These inter-
mittently varied between English and non-English speaking
preferences, age split at 51 years, and patient sex. These
variables are, strictly speaking outside of the developed
model, but the regularity of each variable's appearance
throughout repeated testing means they cannot be totally
ignored at this exploratory stage. The time to treatment
onset was twice as long on average for metropolitan patients
who arrived by ambulance, than those who were metropoli-
tan patients who did not arrive by ambulance and were
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non-English speaking. Patients from metropolitan areas
who were undertriaged for AM| and failed to present by
ambulance to EDs, who were either; non-English speaking,
52 years of age or older, and female waited an average of
45 min or longer for treatment to be commenced.

All three of the alternating variables feature promi-
nently in literature; disparities have been reported in
management of chest pain and CHD related to patient
race and ethnicity, even though both race and ethnic-
ity have been associated with greater baseline risk for
CHD." " Qlder patients have often been found to be under-
treated, with advanced age being described as an **artificial
barrier'’ to receiving evidence based therapy.”" "™ Aus-
tralian researchers have also uncovered disproportionately
high mortality rates for AMI in older patients, which they
claim could be improved if optimal AMI treatment were
offered.”” Patients who were both older and female have
been shown to receive significantly less evidence based
therapy than those not fitting this demographic profile."' ™
Although none of these studies were specific to triage, find-
ings in these other large studies, supported by the findings
in the current ED study invite further investigation in this
area.

Analysis of this statewide dataset with regression tree
methodology has enabled us to elucidate previously hid-
den interplay amongst variables influencing triage practice.
These variables, signposted by research submitted for
publication’’ around factors influencing assessment and
treatment for AM| in Australia and internationally have
now been tested and shown to impact the implementation
of timely treatment for AMI in EDs in Victoria, Australia.
Regression tree analysis is a relatively new method to health
sciences research with few relevant examples of its use
located within current nursing®™ and medical™* scientific
literature. For the current investigation in which we were
able to utilise a large database, regression tree analysis
has allowed us to hypothesise and further test the variables
against and with each other in a guided way. It has enabled
us to develop an easily interpreted display of system delay
risk for AMI at ED triage. The regression tree is a model of
patient risk of system delay in the ED.

Limitations

Like all database research, regression tree analysis is not
without its limitations. Criticisms levelled at regression
tree method include tree instability,’* where small changes
in data can alter the tree's appearance and therefore,
its interpretation. These problems were avoided by care-
ful adherence to recognised model growing and pruning
procedures’™ %" and developing the final tree struc-
ture with the three-way testing procedure described by
Williams.**

The data we have used were collected for administra-
tive purposes and do not provide clinical information such
as how long patients experienced symptoems before arriving
at EDs, whether reported exit diagnoses constituted first
AMIs or which AMIs were STEM| or NSTEMI events. It is a
novel methodolegy within nursing research and has provided
an easily interpreted exploratory approach to identifying

patterns within the dataset representing all patient presen-
tations meeting inclusion criteria over five years,

Conclusion

Patients with AMI benefit from early application of evidence
based care. |dentification of evidence - practice gaps is inte-
gral to improved patient care and outcomes. This research
has provided an enhanced understanding of which patient
groups are vulnerable to treatment delays for AMI.

One of the most important outcomes and findings from
this research is the confirmation that if triage nurses assign
expected ATS 2 (or ATS 1 as required) for AMI, the sys-
tem of triage in Victorian EDs is working well for affected
patients. Regardless of other clinical and demographic fac-
tors, patients with AMI given expected triage scores are seen
within the maximum time mandated by the ATS. The prob-
lem is that for whatever reason, a significant proportion of
patients with AM| are not receiving an adequate triage score
for AMI and the associated delayed treatment onset may
affect cardiovascular outcomes for affected patients. Fur-
ther research is necessary to determine whether this delay
does in fact lead to negative clinical outcomes for these
patients. Quantifying any change in mortality and other
major adverse cardiac events will require linked datasets
in order to follow these patients through to the conclusion
of their health care.

This newly illustrated profile of risk for delayed treat-
ment onset for AM provides ED clinicians and educaters
with an understanding of patient groups who, for specific
reasons, are prene to receiving suboptimal ED care for
AMI, Directions for future research and remedial education
and interventions to reduce inequities and minimise the
evidence—practice gaps identified are possible only after
this information has come to light.
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4.4 Summary

This chapter has included two peer-reviewed publications related to a relatively new area of
research in order to: First, bring new knowledge to nursing about the scope, utility and
limitations of classification and regression tree (CaRT) analysis as a means of enriching
knowledge related to whole populations; and second, utilise CaRT method to uncover
patterns and identify patients most at risk of delayed treatment onset for AMI, the most time-

sensitive of the acute coronary syndromes.

The first paper was important because CaRT provides an accessible, easily interpreted method
for making sense and finding correlations amongst large volumes of important information,
which are all around us in healthcare. It is essential to systematically look at how we can
collate large sets of information; patient hospital records, radiology scans and reports,
pathology results, serial observations and electrocardiographs and even heart and lung
sounds through digital stethoscopes are already or are about to be, digitalised and stored
(Ackerman, 2012). Linkage of enormous amounts of patient data in the form of government
and hospital records, life and health insurance, pharmacy prescriptions and death is now
possible. In spite of concerns about privacy, each of our lives are already highly digitalised.
Even access to sites on web search engines are recorded and past browsing patterns are used
for future predictions of our spending and these are often passed on to other organisations
for a fee. Using records of millions of computer searches during previous influenza outbreaks
meant that Google was able to predict outbreaks of the deadly HIN1 virus two weeks before
the US Centre for Disease Control was able to using data collected from patients treated by
physicians in 2009 (Ackerman, 2012; Mayer-Schénberger & Cukier 2013), raising interest in

the paradigm considerably in bureaucratic and healthcare communities.

An understanding of the potential of CaRT methodology is important for nursing. CaRT may
be used on its own or as part of mixed methods research to highlight patterns and predict
relationships between phenomena which can then be further investigated quantitatively or
qualitatively. Nurse clinicians, administrators and academics are able to interrogate large
datasets meaningful to practice, providing they know the method is available. Enabling nurses
to analyse whole patient population data to uncover previously concealed patterns amongst

patient, management and outcome variables, and to question processes and equities in care,
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allowing them to advocate, educate and ameliorate gaps in practice or service availability

through refining models of contemporary care (Kuhn et al., 2013a).

Equity in patient care is at the heart of the Australian healthcare system. Triage score
allocation has been shown to effect early access to treatment for AMI in Victorian patients
(Kuhn et al., 2013b). Equal accessibility to healthcare is a core value in the domain of
Performance Framework (AIHW, 2012a). The Framework for an effective healthcare system
stipulates: “People can obtain health care at the right place and right time irrespective of

income, physical location and cultural background” (AIHW, 2012b, p. 25).

The aim of the research reported in the second published article in the current chapter was to
develop a regression tree model explicating the influence of patient and non-patient factors
on the time taken to commence treatment for patients with AMI measured from arrival at
triage, in Victorian EDs. To do this, regression tree analysis was applied to data from all 18-85
year old patients presenting to Victorian public hospital EDs over a period of 5 years with AMI.
Methodology for this research incorporated information uncovered in literature review and
published in the Journal of Advanced Nursing method paper (Kuhn et al., 2013c), and the
randomised partitioning of data into three separated subsets for regression tree development

and analysis, as advocated by Williams (2011).

Analysis of the VEMD data with CaRT methodology was able to uncover and explicate
previously unknown interactions between patient variables influencing the time it took to
commence treatment for time-sensitive AMI. The final published regression tree (Kuhn et al.,
2013a) illustrates specific combinations of demographic factors found to be associated with
delay for treatment onset for patients with AMI. These illustrate that although the evidence-
based ideal is that all patients with AMI should be treated as rapidly as possible to reduce
morbidity and mortality from AMI, this is not achieved equally amongst all patients. Some
patients are particularly vulnerable to delays and are therefore, possibly exposed to increased
risk of these negative outcomes. The research has uncovered important biases in the system,
which are likely to affect patients with certain non-clinical attributes more than others and

result in disadvantage.

Accurate triage decision making is important to the timeliness of management for ACS,

particularly the most critical of the AMlIs, ST-segment elevation myocardial infarctions
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(STEMIs). Timeliness in ACS-evaluation is important because it enables access to reperfusion
therapy most likely to reduce patient morbidity and mortality. The next chapter will move
away from CaRT methodology and will use descriptive statistics to analyse inhospital data to
determine if women are afforded equal access to reperfusion therapy and then, whether
women in Victorian hospitals actually suffer worse outcomes in terms of mortality with STEMI

than do their male counterparts.
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Chapter 5

Influence of patient sex on treatment and
mortality for patients admitted with STEMI

Kuhn L, Page K, Rahman MA, Worrall-Carter L. (Under journal
Chapter o) review). Influence of patient sex on treatment and mortality for
patients admitted to Victorian hospitals with ST-segment elevation

Research

\

myocardial infarction: a retrospective database study. Australian
Critical Care.

5.1 Background

The two most important factors affecting patient outcome after an ACS event are: First, the
timeliness with which oxygenated blood can be returned to myocardial cells, reducing
myocardial ischaemia and infarction; and the second is access to the reperfusion treatment.
The previous chapter was used to further investigate factors contributing to delayed onset in
implementing reperfusion therapy from the time a patient first presents to an emergency
department (ED) triage nurse for assessment. Research findings presented in previous
chapters have indicated women may have been more vulnerable than men to delayed
treatment onset for ACS. They were not treated with the same timeliness as men for acute

coronary syndrome (ACS).

In the current chapter, attention has turned to access to reperfusion treatment.
Retrospective database analyses were undertaken on data from the Victorian Admitted

Episodes Dataset (VAED) to answer two questions. The first involved access to treatment:

1. Isinterventional reperfusion therapy equally provided to younger and older men
and women patients admitted to Victorian public hospitals with STEMI?
Ho: Patient sex and age are not associated with interventional reperfusion therapy

provided for patients admitted to Victorian public hospitals with STEMI.
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Further research was then undertaken to compare patterns of inhospital mortality for
younger and older men and women. A number of researchers have reported significant
differences in the proportions of men and women who die inhospital with ACS (Blomkalns et
al., 2005; Bugiardini et al., 2011; Gan et al., 2000; Radovanovic et al., 2007), but others argue
there are no differences in mortality between the sexes when age and comorbidities that
increase with age are taken into account (Berger et al., 2009; Wijnbergen et al., 2013). The
second research question and accompanying null hypothesis involved patient mortality. It

was:

2. Are patterns of inhospital mortality different between younger and older men and
women patients admitted to Victorian public hospitals with STEMI?
Ho: Patient demographic factors of sex and age are not associated with mortality

patterns for patients admitted to Victorian public hospitals with STEMI.

The questions were both important as answers to them were not found through literature
review of research published in the Australian context for STEMI. As a leading killer of men
and women in this country, any failure to implement reperfusion treatment for STEMI for
either sex is a missed opportunity to reduce the devastating impact of the disease on the

individuals affected and the greater community.

Personal cost to women with STEMI and their families is great due to the high rates of
morbidity and mortality with the disease (Gulati et al., 2012). There is evidence to suggest
women have significant social and psychological morbidity due to heart disease, with women
reported to have more persistent lifestyle limiting symptoms (Daly et al., 2006), depression
(Davidson et al., 2003; Page et al., 2010) and significantly lower satisfaction with their general

health (Norekval et al., 2007).

The cost to the community in financial terms is also an important issue: A paper presented by
Chew for Access Economics in Australia estimated that AMI would cost around $15.5 billion in
2009 (Access Economics, 2009). This included direct costs including those for admission to

hospital and medications ($1.8 billion) and indirect costs due to lost productivity ($3.8 billion).

Chew found the greatest cost came from loss in the value of health, whereby, disability
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impacting on individuals and premature loss of life would equal approximately $12.3 billion
(Access Economics, 2009, p. 5). Broken down to the total cost per AMI, Chew expects the
average cost to be $281,000 per event. This is known as burden of disease. The most

effective way of reducing burden of disease in ACS is early access to treatment.
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Abstract

Background. Death from acute coronary syndrome (ACS) is avoidable with early reperfusion
therapy, however, evidence suggests inequity in women’s ACS treatment within a number

of international healthcare systems, when compared to men’s. Research indicates mortality
rates are higher in some age groups of women when compared to men for the sub-group of

ACS known as ST-segment elevation myocardial infarction (STEMI).

Objective. To determine whether patient sex was associated with patterns of reperfusion

treatment variation or increased inhospital mortality in patients with STEMI.

Methods. We undertook retrospective analyses on a government database for patients
admitted to Victorian public hospitals with STEMI. Patients were categorised into two age
groups: 18 — 64 and 65 — 84 years (inclusive), to determine whether patient sex and these

age groups influenced treatment from 2005 — 2008 and mortality from 2005 —2010.

Results. Both younger and older women were less likely to receive angioplasty with stent
and were more likely to receive no reperfusion treatment than men in corresponding
younger and older age groups (p = 0.006 and p < 0.001, respectively). Overall, women in
both age groups were more likely to die inhospital than men from equivalent age groups

with STEMI (p < 0.001, both groups).

Conclusions. Both younger and older women appeared to be less likely to receive
interventional reperfusion therapy for STEMI than their male cohorts, and were more likely
to die during admission than men. Further research needs to be undertaken to verify the
findings and causes, and guide future research to ensure application of evidence to

treatment in patients with STEMI.

Key words. Database; Equity; Gender; Mortality; Reperfusion; Retrospective; STEMI; Women
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INTRODUCTION

Acute coronary syndrome (ACS) is a leading cause of morbidity and mortality worldwide,
including in Australia (AIHW, 2012; White & Chew, 2008; WHO, 2011). In many developed
countries, mortality rates from ACS, which include acute myocardial infarction (AMI) and
unstable angina, have fallen dramatically over recent decades (ABS, 2010; WHO, 2011), but
improvements have not been equitable between the sexes, with reports that women’s ACS
rates of death are either stabilising or increasing (Blomkalns et al., 2005; Gulati et al., 2012;
Towfighi et al., 2009). Fewer women experience ACS, but depending on their age, they have
higher mortality rates (Roger et al., 2012; Shaw et al., 2009; Vaccarino et al., 2001). Women
are more likely to have repeat ACS events than men, which are more often fatal than those
experienced by men (Deloitte Access Economics, 2011). First and subsequent ACS events
are predicted to increase further in the next decade due to the ageing population (Deloitte

Access Economics, 2011; Shaw et al., 2009), making investigation of ACS paramount.

ST-segment elevation myocardial infarction (STEMI) is a type of ACS acknowledged to be a
cardiac emergency (Brieger & Redfern, 2013). It accounts for approximately one-quarter of
all ACS events (Brieger & Redfern, 2013), and is more common in men (Gulati et al., 2012).
Comprehensive management of ACS using evidence-based guidelines is critical to patient
outcome. This includes re-establishing patency of occluded coronary arteries with
percutaneous coronary intervention (PCl) or fibrinolytic therapy early enough to enable
reperfusion of affected myocardial cells to prevent permanent myocardial damage, which is
associated with high rates of morbidity and death. Access to early reperfusion therapy has

been found to reduce deaths from STEMI by up to 78% (Huynh et al., 2010).

White and Chew (2008) estimated that maximising numbers of patients treated with
reperfusion therapy would save a further 270 lives per 10 000 patients with STEMI (White &
Chew, 2008). They made the point that although numerous novel treatment options
continue to be developed, most future gains would likely come from implementing the

therapies already available, properly (White & Chew, 2008).

Two important studies investigating ACS in Australia and New Zealand over the last decade
were the ACACIA Registry (Chew et al., 2008; Hung et al., 2009) and SNAPSHOT ACS study

(Chew et al., 2013). Through a number of reports arising from these studies, an issue
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identified as of critical significance for the future reduction of morbidity and mortality from
ACS was access to treatment (Chew et al., 2013; Huynh et al., 2010). Other studies have
reported between 30 and 40 percent of patients did not receive reperfusion therapy to
which they were eligible (Aliprandi-Costa et al., 2011; Scott, 2010), which was similar to
under-treated proportions of STEMI populations reported in North America (Eagle et al.,

2002) and Europe (Maas et al., 2011).

Despite the consistency in ACS guidelines across the United States’ (O’Gara et al., 2013),
Europe (Steg et al., 2012), and Australia and New Zealand (Aroney et al., 2006; Chew et al.,
2011), knowledge translation into clinical practice is often suboptimal (Brieger & Redfern,
2013; Huynh et al., 2010; White & Chew, 2008). Recent Australian reports concur that
although knowledge of recommended ACS-care is high, implementation of the guidelines is
poor (Chew et al., 2013; Huynh et al., 2010). A number of international studies report
figures of under-treatment related to patient sex which adversely affect women (Jneid et al.,

2008; Radovanovic et al., 2007; Vaccarino et al., 2013).

Although ACS guidelines are ‘gender neutral’ (Blomkalns et al., 2005), there are reports of
differences in ACS management related to patient sex (Jneid et al., 2008). Some overseas
studies document disparities in the application of evidence-based treatment of STEMI in
inpatient hospital settings due to patient sex (Jneid et al., 2008; Radovanovic et al., 2007),
but we were unable to ascertain if similar differences existed in Australia. We wanted to
evaluate reperfusion therapy and mortality patterns for Victorian patients over several

years for STEMI, comparing treatment access and inhospital mortality between the sexes.

The current study seeks to further this discussion with inhospital patient data to answer the

following research questions and null hypothesis for each:

1. Isinterventional reperfusion therapy equally provided to younger and older men and
women patients admitted to Victorian public hospitals with STEMI?
Ho: Patient sex and age are not associated with interventional reperfusion therapy

provided for patients admitted to Victorian public hospitals with STEMI; and
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2. Are patterns of inhospital mortality different between younger and older men and
women patients admitted to Victorian public hospitals with STEMI?
Ho: Patient demographic factors of sex and age are not associated with mortality

patterns for patients admitted to Victorian public hospitals with STEMI.

MATERIALS AND METHODS

Retrospective analyses of the State Government, Department of Health (DoH) Victorian
Admitted Episodes Dataset (VAED) for patients aged 18 to 85 years admitted to Victorian
hospitals with the principal diagnosis of STEMI were conducted (n = 13 744). We compared
reperfusion treatment patterns and mortality rates for men and women patients in both
younger (<65 years) and older (265 years) age groups to enable comparison of patient age
separately because of women’s longer average life expectancy (ABS, 2012). Data were
available for interventional (percutaneous coronary intervention, PC/) and surgical (coronary
artery bypass graft, CABG) treatment for STEMI for 3 years (1 July 2005 — 30 June 2008) and
for inpatient mortality for 5 years (1 July 2005 — 30 June 2010). Data were not available for
fibrinolytic therapy. Private hospitals were excluded from analysis because some were not

reporting complete data to DoH for the entire study period.

Data definitions and coding

The VAED provides non-identifiable data for patient admissions with principal diagnoses
coded upon separation, based on the International Classification of Diseases and Health
Related Conditions, tenth Revision Australian Modification (ICD-10-AM). We used data for
STEMI coded as 121.0 (Acute transmural myocardial infarction of anterior wall), 121.1 (Acute
transmural myocardial infarction of inferior wall), 121.2 (Acute transmural infarction of other
sites) and 121.3 (Acute transmural infarction of unspecified site). The latter two codes were

aggregated because both were non-specific.
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Location of residence data were provided in Local Government Area (LGA) codes and were
converted to ‘metropolitan’ and ‘regional’ areas according to Australian Standard

Geographical Classification (ASGC) Boundaries for Victoria (2004).

Length of stay was recorded in days and was the total time a patient was admitted to
hospital. Length of stay for coronary care unit (CCU) and intensive care unit (ICU)
admissions were recorded separately in hours, with rounding up to the nearest hour. If
patients had multiple admissions to CCU or ICU throughout their periods of admission, these

were summed totals of all such durations.

Results were reported for the whole population from 18 to 85 years, and for men and
women aged under 65, and from 65 to 85. Age was reported for the whole group, and then
divided and reported according to the two age groups. Sixty-five was chosen as it is the age
commonly associated with the aged pension onset in Australia and the average age of
retirement for men and women is 61 and 63 years respectively (ABS, 2011). It is understood
more aged people with ACS die with or from the disease (AIHW, 2012) and this may inflate

the mortality rate in older patients, who are most likely to be women.

Data analyses

Statistical analyses were undertaken using SPSS Statistics Version 21.0 (SPSS Inc., an IBM
Company, Chicago, lll, USA) software. Continuous variables were compared using the
Wilcoxon rank-sum test and Student’s t-test and categorical variables were compared using
chi-squared test (2). Age is reported as mean with standard deviation (+SD), non-
parametric continuous variables (length of stay) are presented as medians and interquartile
ranges (IQR, 25-75), and categorical variables are presented as counts with numbers and
percentages. All statistical tests were two-sided and p-values of less than 0.05 were

considered to indicate statistical significance.

To enable further analysis and interpretation of the treatment data, angioplasties (i.e. PCl)
with or without balloon inflation were aggregated, and angioplasties with stent
implantation were analysed separately. For coronary artery bypass graft (CABG) surgery,
arterial and venous donor sites were aggregated; thus, if the same patient had venous and

arterial grafts during bypass, data were managed to ensure they only counted as one

162



The DaME Il Study

patient having undergone CABG surgery in the analysis. Investigation with angiography was
a dichotomous variable (yes or no). We did not have data for fibrinolytic therapy use in the

VAED data.

Ethics approval
The current paper reports the findings of research approved by a university Human Research
Ethics Committee approved the study (HREC V2009 83). The Victorian Department of Human

Services ‘Conditions of Release of Patient Level Data sets’ were also met.

RESULTS

Patient demographic characteristics, 2005 — 2010

A total of 13 744 patient admissions for 18 to 85 year olds were recorded in 136 Victorian
public hospitals with STEMI diagnoses for the 5 years (July 15, 2005 to June 30, 2010).
STEMIs of the inferior myocardial wall were most commonly diagnosed for both sexes
(Table 1). There were more men than women in all groups (p < 0.001). The mean patient
age was 61.8 (+12.7) years. Overall, women (n = 3501; 25.5%) were older than men (n =
10243; 74.5%) by more than six years [66.6 (+12.9) vs. 60.2 (+12.3) years respectively, p
<0.001]. Mean ages for the older and younger groups are presented in Table 2. Most
patients (58%) resided in metropolitan areas, but more young women lived outside of
metropolitan areas than men (p <0.001). The majority identified English as their preferred
language (n =12 738; 93%) and less than 1% identified themselves as being Indigenous (n =
97; 0.7%).

Table 1. Principal STEMI diagnoses for Victorian patients, 2005 — 2010

STEMI site All Women Men

n (%) n (%) n (%)
Anterior wall 5140 (37.4) 1315 (37.6) 3825 (37.3)
Inferior wall 6691 (48.7) 1628 (46.5) 5063 (49.4)
Other unspecified 1913 (13.9) 558 (15.9) 9410 (13.3)
Total 13 744 (100) 3501 (100) 10 243 (100)
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Table 2. Demographic characteristics for 13 744 patients admitted to Victorian public
hospitals with ST-segment elevation myocardial infarction, 2005 — 2010

Characteristic All <65 years 265 years
18 — 85 years

Male (%) Female (%) p Male (%) Female (%) p
Admissions, n 13744 (100) 6465 (82.3) 1391 (17.7) 3778 (64.2) 2110 (35.8) <0.001
Mean age, years [+SD] 61.8 [12.7] 52.6 [8] 53.1[8.3] 0.025 73.2 [5.6] 75.4[5.5] <0.001
Metropolitan 8022 (58.4) 3939 (60.9) 781 (56.1) 0.001 2094 (55.4) 1208 (57.3) 0.18
Married 8853 (64.4) 4311 (66.7) 807 (58)  <0.001 2733 (72.3) 1002 (47.5) <0.001
English 12738 (92.7) 6153 (95.2) 1305 (93.8) 0.43 3430 (90.8) 1850 (87.7) <0.001
Died 747 (5.4) 138 (2.1) 54(3.9)  <0.001 292 (7.7) 263 (12.5) <0.001

1SD, standard deviation
*compared across groups

Management, 2005 — 2008

Reperfusion therapy provision (or not), angiographic investigation and admission statistics
were then calculated for patients from 18 — 64 years (inclusive) and 65 — 84 years (inclusive),
for both patient sexes in order to provide age-relevant comparisons in large samples.
Results related to clinical characteristics for patient admissions with STEMI (n = 8404) over
three years are presented in Table 3. More than half of this patient group were investigated
with angiography (n = 4607; 55%). Men received more angiography (n = 3503; 56%) during
their admissions compared to women (n = 1104; 51%) (p < 0.001). Of the total patients with
STEMI who received PCl treatment (n = 3770; 45%), 822 (38% within patient sex) were
women, compared to 2948 (47% within patient sex) men (p < 0.001). Only five percent (n =
407; 4.8%) of patients underwent CABG surgery. Compared to women, men with STEMI
were more treated with CABG (men =322, 5% vs. Women=85, 4%). Just over half of the
patients admitted with STEMI (n = 4293; 51%), received no PCl or CABGs. We do not have
data for fibrinolytic therapy. Women with STEMI received significantly less PCl and CABG

treatment than men (men = 3029; 59% vs. women = 1264; 49%, p < 0.001).

164



The DaME Il Study

Median (+SD) inpatient lengths of stay (LOS) were longer for older women than men from
the same group (p < 0.019). Younger women had longer periods of admission in CCU (p =

0.013), with details provided in Table 3.

Table 3. Clinical characteristics for 8404 patients admitted to Victorian public hospitals with
ST-segment elevation myocardial infarction, 2005 — 2008

Characteristic All <65 years 265 years

Male (%) Female (%) p Male (%) Female (%) P
Admissions, n 8404 3915 (82.8) 815(17.2) <0.001 2333 (63.5) 1341 (36.5) <0.001
Age yrs, mean 62.1[12.7] 52.6 [8] 53.3[8.2] 0.025 73.3[5.6] 75.5[5.5] <0.001
[£SD]
LOS days, median 4 {1-5} 3 {1-5} 3{1-5} 0.129 4{1-6} 4{1-7} 0.019
{IQR}
CCU hrs, median 64 {41-93} 62 {40-89} 67 {43-95} 0.013 64 {41-97} 68 {41-102} 0.088
{IQR}
ICU hrs, median 44 {22-88} 44 {22-77} 42 {18.5-101} 0.943 44 {22-89} 47 {24-91.5} 0.301
{IQR}
Angiogram 4607 (54.8) 2291 (58.5) 494 (60.6)  0.274 1212 (52) 610 (45.5) <0.001
Angioplasty 184 (2.2) 86 (2.2) 15(1.8) 0.596 53(2.3) 30(2.2) 1
Angioplasty + stent 3586 (42.7) 1921 (49.1) 363 (44.5) 0.019 888 (38.1) 414 (30.9) <0.001
CABG 407 (4.8) 179 (4.6) 33(4) 0.577 143 (6.1) 52(3.9)  0.004
No PCI/CABG 4293 (51.1) 1763 (45) 410 (50.3) 0.006 1266 (54.3) 854 (63.7) <0.001
Died 468 (5.6) 79 (2) 32(3.9) 0.002 180 (7.7) 177 (13.2) <0.001

CABG, coronary artery bypass graft; CCU, coronary care unit; hrs, hours; ICU, intensive care unit; IQR,
interquartile range (25 — 75); LOS, length of stay; PCl, percutaneous coronary intervention; +SD, standard
deviation; yrs, years

Mortality, 2005 — 2010

Of the total 18 — 85 year old group of patients admitted with STEMI (n = 13 744), 747 (5.4%)
died. When comparing by sex, women (n = 317) were proportionately more likely to die than
men (n =430; 9.1% vs. 4.2%, p < 0.001). Women younger than 65 years (n = 54) were
proportionately more likely to die than their male counterparts (n = 138; 3.9% vs. 2.1%, p <
0.001, respectively). Of the 265 year old group, women (n =111) in the 80-84 year age
bracket were at greater risk of inhospital death than men (n =73) in the same group (18.2%

vs. 10.9%, p <0.001)
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DISCUSSION

The principal findings of this exploratory database study were that, in comparison to men;
women were less likely to receive reperfusion treatment for STEMI, and women
experienced higher rates of inhospital mortality for STEMI. Additionally, average lengths of
stay in some inpatient areas differed significantly between the sexes. We investigated
average lengths of stay for patients aged younger and older than 65 years, and found
younger women tended to stay longer in coronary care units (CCU), but older women were

admitted for longer overall than equivalent male age groups.

These findings are important and point to differences in ACS management related to patient
sex which may equate to an avoidable sex-based treatment disparity. They do not reconcile
with treatment guidelines, which are based on evidence suggesting early interventional
reperfusion treatment is beneficial for both sexes (Mosca et al., 2011; Wilson & Raveendran,
2008). The disparities are not new however, with a number of studies reporting women’s
tendency to be given less access to reperfusion therapy for STEMI than men (Daly et al.,
2006; EI-Menyar et al., 2013; Milcent et al., 2007; Poon et al., 2012). Two papers reporting
results from the Australasian ACACIA Registry data have also reported Australian and New
Zealand women were less likely to receive coronary angiography than men (Huynh et al.,
2010; Roe et al., 2013). Our findings concur that overall, women were less likely to be
investigated with angiography than men in Victorian public hospitals, but this was mostly
caused by under-investigation of older women who were the largest group. Women aged
under 65 years on the other hand, were not found to be any less likely to receive

angiography than their male counterparts.

To date, we have not identified any Australian studies which have investigated women’s
access to PCl with stents in comparison to men’s. Our findings demonstrate both younger
and older women were less likely to be treated with PCl and stent than their male
equivalents, representing a significant difference and possibly missed opportunities for

reperfusion for both younger and older women compared to men.

Women are known to have higher risk of bleeding with cardiac interventions than men
(Ahmed et al., 2009; Chew et al., 2011), which may lead to them being provided less

aggressive treatment. Bleeding during ACS admission is associated with a 5-fold increase in
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late mortality (White & Chew, 2008), so any patient who is more likely to bleed is at greater
risk of mortality and therefore, they or their physicians may be dissuaded from
interventional reperfusion treatment. Presence of diabetes, renal failure and age greater
than 75 years have been associated with increased risk bleeding with PCI (Chew et al.,
2011). Several studies have shown that women with high-risk of mortality from ACS are
offered less PCl than men (Daly et al., 2006; Radovanovic et al., 2007; Rathore et al., 2002).
If bleeding risk correlates with age, then it might be reasonable to assume more equal
proportions of younger men and women would be managed with PCl with stents, but this

was not the case in the Victorian population.

We found no significant statistical difference between CABG procedures performed on
younger women and men, but the numbers in each group were low. In the older group, we
did observe statistical significance, but again, the number of procedures was low, so we

hesitate to make any assumptions regarding clinical significance without more evidence.

Advanced age is accompanied by increased comorbid disease. Comorbid diseases are
reported to be associated with increased risk of death with STEMI and reperfusion methods
are also administered at greater inherent risks during their application (Bairey Merz et al.,
2010). Women are approximately 10 years older than men when they first experience ACS
(Pepine, 2004; Vaccarino et al., 2005). Obesity and hypertension also increase with age and
are risk factors for mortality in heart disease (Pepine, 2004). Treating physicians may be less
inclined to intervene aggressively when patients are believed to be of generally higher risk
(Radovanovic et al., 2007; Rathore et al., 2002; Scott et al., 2007). Analysis of data from the
recent SNAPSHOT ACS Study uncovered that in Australia and New Zealand, high risk patients
received less reperfusion therapy than those at low risk (Chew et al., 2013). In Canada,
treatment has also been found to be inversely proportional to patients’ increased ACS risk
(Bugiardini et al., 2011). Calls have been made for increased treatment for higher risk
patients to maximise outcomes (Aliprandi-Costa et al., 2011; Chew et al., 2013). Women
have also been reported in other research to have higher short-term mortality after PCl and
a higher 30-day morbidity and mortality than men (Lansky, 2004). Mortality rates secondary
to CABG are also higher for women in the short-term (Ashley et al., 2013). In the longer-
term however, outcomes for PCl and CABG are equivalent between the sexes (Bangalore et

al., 2012; Jackson et al., 2011).
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Under-treatment with PCl and CABG have been blamed for some of the ongoing differences
in outcome between men and women with ACS (Blomkalns et al., 2005; Gulati et al., 2012;
Jneid et al., 2007). Although this disparity is sometimes discounted when the older average
age of women with STEMI is taken into account (Moriel et al., 2008; Wijnbergen et al.,
2013), a number of authors believe age does not adequately account for the treatment
disparity (Bugiardini et al., 2011; EI-Menyar et al., 2013; Gulati et al., 2012; Hemingway et
al., 2006; Lansky, 2004; Vaccarino et al., 1999). It may not be reasonable to preclude
patients from reperfusion interventions however due to advanced age, as research suggests
very elderly patients benefit from such treatment (Oqueli & Dick, 2011) regardless of their
sex (Yan et al., 2006).

Differences in treatment provision may be due to late presentation or diagnosis of ACS in
women. ACS symptom patterns are often reported to be different between men and
women (Canto et al., 2012; DeVon et al., 2008; Regitz-Zagrosek, 2006). This has in part been
blamed on the under-research of women in studies describing symptoms; generically
‘typical’ symptoms have been determined from samples predominantly of men (Douglas &
Ginsberg, 1996; Lee et al., 2001; Lockyer & Bury, 2002). This may account for some of the
differences reported in referral for coronary angiography investigation (Poon et al., 2012) —
in our study, a smaller proportion of women were investigated with angiography than men

overall, which was most notable in the older age group.

Conversely, it has previously been argued it is better to avoid an over-reliance on
angiography because up to 60 percent of women do not have any flow-limiting coronary
stenosis (Quyyumi, 2006). Women investigated with angiography are less likely to have
obstructive disease diagnosed than men and significant disease may be missed (Gulati et al.,
2009). Opportunities for patients to modify their risk factor profile and for them to be
treated with evidence-based pharmacotherapy may be lost due to false negative results
from angiography leading to overconfidence. Negative coronary angiography does not
always suggest benign disease in women (Gulati et al., 2012; Johnson et al., 2004). Between
10 and 25 percent of women with STEMI are reported to have ‘normal’ coronary
angiograms (Anderson et al., 2007; Bugiardini et al., 2011; Hochman et al., 1999).

Compared to men reported as having angiographically normal coronary arteries, women
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have been found to be four times more likely to be readmitted with ACS or chest pain in the

6 months after the investigation (Humpbhries et al., 2008).

Some researchers have found health care professionals are less likely to suspect ACS in
women for a range of reasons including cultural biases and stereotypes (Arslanian-Engoren,
2009) and ineffective scoring tools (Bairey Merz et al., 2010; Mosca et al., 2005; Stramba-
Badiale et al., 2006). Traditional risk stratification tools such as the Framingham study are
not as effective in estimating atherosclerotic disease risk in women compared to men
(Michos et al., 2006; Shaw et al., 2008). Women younger than 45 years are the least likely
to present with chest pain or discomfort, and are also less likely to be investigated with
angiography (Canto et al., 2012). Women in this age group are at particularly high risk of
mortality (Canto et al., 2012; Ford et al., 2007).

Although more men experience ACS (AIHW, 2012), a gender gap has often been described in
proportional mortality from STEMI, with women at greater risk of death (Milcent et al.,
2007; Poon et al., 2012). At a recent European Society of Cardiology (2012) meeting, it was
reported that, even when controlled for factors such as age, smoking, hypertension,
treatment delay and management, women had higher inhospital mortality proportionately
than men (9.0% vs. 4.0%, p < 0.0001) (Leurent, 2013). Other international studies have also
reported statistically significant mortality rate differences between the sexes (EI-Menyar et
al., 2013; Lansky, 2004; Poon et al., 2012; Srichaiveth et al., 2007). Our findings suggest that
over a contemporary 5-year period (2005-2010), a statistically significantly higher
proportion of women died of STEMI than men in Victorian public hospitals, which were
proportions observably similar to the figures from the Leurent’s study. We have not found

similar mortality proportions previously reported in the Australian population for STEMI.

It has been suggested in a number of reports that when comparing to men, women have
higher inhospital mortality for STEMI due to their older median age at admission (Berger et
al., 2009; Jneid et al., 2008; Moriel et al., 2008; Wijnbergen et al., 2013). When comparing
groups above and below age 65, we found that women aged under 65 years had
significantly higher rates of death than men from the same cohort overall, but so did older

women than men in the equivalent age group.
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Women of pre-menopausal age have been reported to have the greatest risk of mortality in
ACS (Blomkalns et al., 2005; Gulati, 2012), with numerous international studies finding a
notable increase in mortality rates in women aged under 55 years compared to their male
counterparts (Ford et al., 2007; Radovanovic et al., 2007; Towfighi et al., 2009; Vaccarino et
al., 2001). Our analysis concurred that women aged under 55 years were particularly
vulnerable, but the samples were relatively small, so we are reluctant to draw any strong
conclusions. In a comparatively larger sample, we found that women in the oldest age
bracket also had proportionately higher inhospital mortality rates than men in the very old

group.

Limitations

Our study has a number of limitations common to studies utilising database research. First,
the database used was an administrative dataset, so even though it was representative of
the 18 to 85 year olds with STEMI admitted in Victoria (it was the whole population), the
study was retrospective and we could only use data that were already available. The
retrospective nature of the data meant we were unable to collect alternative variables,

which may have been more clinically relevant to the research questions.

It was beyond the scope of the study to determine which patients experienced index STEMI
events, or those who were patients with subsequent admissions, as the data were non-

identifiable.

No fibrinolysis therapy data were available to us in the VAED dataset, limiting our ability to

compare the differences between men and women.

An important issue in this large administrative dataset was also that we were unable to
gauge concurrent morbidities that may have precluded therapy. A proportion of patients
may have refused reperfusion treatment and this number may have been proportionately

different between the sexes.
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CONCLUSION

This research has provided evidence of possible disparity in reperfusion treatment access
for STEMI between men and women in a populous Australian state. Although the findings
need to be corroborated with future research, the current paper’s findings are pressing
because they indicate a difference in care which may be unfair and avoidable, but most
importantly, may result in avoidable death. The research provides evidence of possible
practice gaps in the management of patients with STEMI which can be further defined,
understood and ameliorated to improve future patient outcomes. The findings may serve
to heighten awareness of women’s potential vulnerability to under-treatment, thereby

helping to improve future practice.

The evidence that both younger and older women experienced significantly higher inhospital
mortality rates compared to their male counterparts in Victoria is important and sobering, but
we note this is exploratory, retrospective research. We are unable to attribute any direct
causality between reduced access to reperfusion treatment with the higher inhospital
mortality in women without further prospective research. Future research needs to confirm
women’s apparently higher inhospital STEMI mortality and adjust the findings according to
comorbid risk factors. Ideally, future databases will be developed and linked with others to
include more clinically relevant information, which may help gauge answer such questions on
whole populations. With the benefit of clinician input into their contents, such databases

could provide increasingly valuable information for monitoring and improving care.
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5.3 Summary

To increase the chances of patients’ survival with STEMI, the two most important aspects in
patient care have been identified as timeliness of treatment and access to treatment (Chew et
al., 2008; Chew et al., 2013; Hung et al., 2009). The most important treatments include PCI,
fibrinolysis and CABG, to restore blood flow. Without early implementation of reperfusion
therapy, morbidity and mortality rates would be much higher, with one report suggesting that
evidence-based treatments can reduce mortality by up to 78 percent (Huynh et al., 2010).

The need to achieve two both timeliness and access are paramount (White & Chew, 2008) and
supported by ACS guidelines in healthcare systems throughout the world (Aroney et al., 2006;
Chew et al., 2011; O’Gara et al., 2013; Steg et al., 2013).

The rationale for early reperfusion treatment and the contents of the ACS guidelines have
been evaluated and determined to be well understood by clinicians, but unfortunately have
been found to not be matched by practice (Huynh et al., 2010). It is not lack of knowledge of
ACS guidelines and the evidence upon which they are based that is lacking, but an unknown
factor (Huynh et al., 2010). Failure to provide timely reperfusion therapy for ACS has been
widely documented, although generally without consideration of gender-based differences
(Aliprandi-Costa et al., 2011; Chew et al., 2013; Eagle et al., 2002). Missed opportunities for
early reperfusion in ACS in women have been reported in a number of international studies
(Bugiardini et al., 2011; Gulati et al., 2012; Poon et al., 2012; Radovanovic et al., 2007), but to
date no Australian research concentrating on these aspects of care in relation to women have

been uncovered.

The database analysis provided in this chapter is an exploratory descriptive study based on
government-collected data across a whole state. Whilst prospective studies need to
investigate both the under-treatment and increased inhospital mortality in women,
publication of this manuscript should serve to heighten awareness of women'’s risk. It

provides a starting place.
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Chapter 6

Discussion and conclusions

Chapter 6 e Qverview

e Contribution to new knowledge — research objectives and
Discussion & key findings, new knowledge informing areas for future
Concl usions investigation and research limitations

\

e Conclusions

6.1 Introduction

The purpose of this chapter is to synthesise the findings of the preceding chapters and
highlight the original contributions each has made to knowledge through this programme of
research. Key findings will be summarised from the chapters in relation to the research
objectives and the overall contribution of the research to healthcare knowledge generally will

be discussed.

The chapter will begin with a brief revision of the research subject and rationale elaborated
upon in Chapter 1, followed by a review of the research objectives and key findings.
Knowledge emerging from individual studies within the programme, and examined in the
thesis will be discussed with a view to guiding future research, prior to exploring a number of

limitations of the current research.
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6.2 Overview

Coronary heart disease (CHD) is the leading killer of women and men throughout the world,
and not by a narrow margin. As such, research of the disease is critical to the ongoing health
of countries with developed healthcare systems, including Australia, as well as those with
systems currently undergoing rapid development. Research of the disease and how to
improve its outlook are vital for people and the societies within which they live. The research
papers presented in this thesis were borne from Australian data, but the conception of the
research programme came from international research, which is where gaps in the knowledge
related to ED care of women’s heart disease were identified. A number of findings may be
relevant and have the potential to be transferrable to overseas health systems, particularly in
developed countries. Most developed healthcare systems have organised triage processes by
which to ensure patients with time-sensitive, life-threatening conditions are prioritised for
early treatment to minimise harm, so the findings presented in this thesis will likely be of
value and may encourage enquiry to ensure disparities uncovered here can be mitigated or

avoided in the other systems.

Acute coronary syndrome (ACS), which includes acute myocardial infarction (AMI) and
unstable angina, is the predominant subset of CHD. Mortality rates from ACS have dropped
considerably in recent years, but there has been a levelling off of these gains recently,
particularly in women and morbidity and mortality from ACS are expected to rise again due to
the increasingly aged population. Older age tends to be accompanied by numerous risk factor
increases, including diabetes, obesity, hypertension, and for women, living longer after
reaching menopause and the associated loss of cardiovascular protection afforded by
oestrogen. Women generally live longer than men and are likely to carry a large proportion of
the burden of future increases in ACS incidence. Women have historically been under-
represented in cardiovascular research and have been established in a number of countries to
have been under-evaluated and under-treated for ACS during various stages in the healthcare
process. Due to the knowledge that women benefit from treatment in the same way as men,

this may amount to systematic inequity at multiple stages in their trajectories of care.

Despite the focus on women’s ACS, men’s management and outcomes have also been

reported, both to enable comparison, but also in recognition that coronary heart disease, is
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the leading killer for this sex as well, both internationally and in Australia. Healthcare should
be measured for both sexes to improve management and outcomes wherever possible for the
whole population. The concentration on women in this research was a conscious decision
made because of disparities uncovered during review of the literature at various, mostly non-

ED points in women’s inhospital ACS care, in comparison to that received by men.

Novel treatment techniques and new drugs for managing ACS are continually under
development, however, the most gains in terms of lives saved and morbidity reduced after
onset of ACS will likely come from two main areas: First, increased access to currently
available ACS therapy according to existing guidelines; and second, improved timeliness of the
implementation of these therapies and subsequently reduced myocardial damage. EDs, as
the most common entry points to hospitals for AMI, are an important and largely overlooked
area of research for these two areas of potential benefit. ED triage nurses are the first
hospital health professionals to assess patients presenting to EDs, and are responsible for
allocating triage acuity scores with explicit maximum suggested times to treatment. The
ability to alter the time of onset to treatment means current practice needs to be explored,
guantified and where necessary, altered to ensure maximised patient outcomes are achieved.
Likewise, it is important to ensure women have equal access to ACS care and are afforded the

greatest chance of minimising morbidity and mortality.

The objective of this empirically-based research programme was to add to the collective
emergency and cardiovascular nursing knowledge around the efficacy in hospital ED triage
assessment and subsequent inhospital management and outcomes of ACS in women in
Australia’s second most populous state. It revolved around the understanding that women’s
ischaemia and infarction must be diagnosed and managed early to optimise patient outcomes,
as it should also be for their male counterparts. Women and men patients should have access
to reperfusion treatment wherever it is evaluated to be warranted, and with equity. The
studies have not been designed to lead to linear conclusions about what is and what is not
working effectively or equitably for women’s heart disease in Victoria, as the subject is broad
and complicated. Instead, the studies represent stepping stones towards building a more
complete picture and answering important questions around the principles of timeliness and

access to ACS treatment (Figure 6.1). They represent the beginning of the PhD Candidate’s
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research journey, with future research directions suggested and those the Researcher intends

to pursue after the PhD is completed discussed.

Figure 6.1. Relationships between timeliness and access to ACS treatment and publications in

the DaME Il study

Evidence

appraisal of
Timeliness & Patient Y triage of

Sex women's ACS
Effect of patient sex
on triage for ACS/AMI

& treatment onset
times ‘ Appraise
novel method
to uncover

patterns in
> % datasets
Timeliness

Demographic
factors combining
to elevate risk of
delayed treatment
onset

Access & Outcome

Association of patient
sex with:

reperfusion therapy
provision

&

inhospital mortality
for STEMI

ACS, acute coronary syndrome; AMI, acute myocardial infarction; STEMI, ST-segment elevation myocardial infarction
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6.3 Contribution to knowledge and recommendations for future

research

Key findings for each of the chapters and related research publications are shown in Table 6.1.
The table is used to highlight the contribution each discrete study has added to knowledge.
New knowledge has evolved through the programme of research in relation to early ED
evaluation at triage and factors affecting access to timely treatment in the ED, in addition to
inhospital reperfusion therapy provision and mortality for women and men with ACS using
different patient data, taken from the same state’s population. Each of the research projects
were separate and undertaken to add to healthcare knowledge in specific ways regarding
early ED and inhospital management of women’s ACS. Although each of the studies were

independent, they were all used to inform the overall research programme.

In addition to the research manuscripts, another manuscript was developed during the DaME
Il study which is also an important contribution to nursing research. Situated in Chapter 4,
this publication describes the utility, methodology and limitations of classification and
regression tree (CaRT) method, as it applies to nursing research. The paper is not listed in
Table 6.1 because it is not a research manuscript. The publication describes quantitative
research method, novel to nursing, which is likely to be an important adjunct to the future
development of nursing research. The method discussion paper has been published
(currently available online, ahead of print) in an important peer-reviewed nursing journal. It is
hoped this paper’s publication and the growing interest in the CaRT method will encourage
future nursing research using large datasets, where enormous amounts of information can be
found in relation to treatment patterns, patient vulnerabilities and outcomes, and that new
knowledge may come from nurses regularly employing such methods to investigate large,
otherwise clinically (although not administratively) superfluous sources of data. The potential
future benefit of ‘big data’ to nursing knowledge and recommendations to help realise this
are explored immediately after Table 6.2 (‘6.4.1 Recommended system change to
accommodate ‘big data’’) in recognition that although it does not represent research per se, it

comes from scholarly writing likely to add to future nursing research and knowledge.
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Table 6.1. Summary of DaME Il research key findings for ED and inhospital ACS management

Objective

Key findings

2 Appraise existing e Triage nurses inconsistently suspect women of
evidence for experiencing ACS
influence of patient e Sex-based presentation differences can affect
sex on ED triage for ACS assessment quality and triage decision-
ACS making
e Advanced patient age can alter triage decision
making for ACS
o There may be bias against managing women’s
ACS in parity with men’s at ED triage
) 3 Explore current e Incorrect triage of women and men with ACS
Examine practice of triage and AMI is common, but is worse in women
triage score allocation for e Incorrect triage delays treatment onset for ACS
patterns and ACS and subsequent e Correct triage is important to timeliness of
treatment treatment onset treatment onset for ACS and AMI and if triage is
onset times times in relation to ‘correct’, treatment onset occurs within
for women patient sex suggested timeframes
and men with
ACS 4 Determine if non- e Patterns of patient characteristics causing
clinical demographic vulnerability to delayed treatment onset on
factors influence arrival at EDs were identified
triage and treatment e Factors resulting in risk of delayed ACS
onset time for ACS treatment onset included correct triage score
in EDs allocation, mode of arrival, area of residence,
English-speaking background and patient sex
e Other patient variables including advanced age
and patient sex (again) were implicated in risk of
delayed treatment onset, but need further
investigation
5* Determine if patient Compared to younger men, younger women were:

Describe and
compare
inhospital
treatment and
outcomes for
ACS in women
and men

sex influences
hospital access to
reperfusion
treatment for ACS,
and whether
mortality rates from
ACS were influenced
by patient sex and
age

o More likely to die
e Less likely to receive PCl with stent
o More likely to spend more time in CCU

Compared to older men, older women were:

e Older on admission

o More likely to die

e Less likely to be investigated with angiography
o Less likely to receive a PCl with stent or CABG
e Have alonger inhospital LOS

ACS, acute coronary syndrome; AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CCU,

coronary care unit; Ch., chapter; LOS, length of stay; PCI, percutaneous coronary intervention

* Chapter manuscript under journal review
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By summarising key findings in relation to each study’s objective and guiding aim in Table 6.1,
significant and original understandings arising from each of the publications are listed. These
findings are extrapolated more fully in relation to each research objective in turn below with a
statement of the main outcome for each and suggestions for future research, as informed by

the DaME Il study.

6.3.1 Research objective 1.
Appraise existing evidence for influence of patient sex on ED triage for ACS

Appraisal of existing literature and publication of the review’s findings were part of an
important first formal stage of this doctoral thesis by publication. This review was prompted
by reading research about differences in symptoms experienced by women with ACS and
delays in diagnosis because the general understanding of patterns of ACS presentation
(“typical symptoms’) were determined by research undertaken predominantly on men. | had
spent a number of years practicing in the clinical role of triage nurse and teaching other post-
graduate students to do the same, when | moved into a research team with Professor Worrall-
Carter and Doctor Page, who were both already established in areas around women’s CVD. |
then started to wonder how much more difficult triaging women with heart disease could be
due to the phenomenon of ‘atypical’ presentations when there were only usually a couple of
minutes to perform an entire triage evaluation, on the background of busy and noisy EDs.
Curiosity and working in the research environment made me question if triage nurses were
accurately triaging women with ACS, and whether such decisions influenced time to
treatment onset in the ED — the thesis grew from this early curiosity and fear my colleagues
and | may have been incorrectly triaging women with ACS over the years, perhaps delaying
the onset of treatment and reducing the effectiveness of the reperfusion therapy (if they were

still eligible to receive it).

Review of the literature uncovered a small amount of North American research on the
subject, with most of it completed by the same lead author, but did not answer the question
of whether patient sex did influence triage score allocation and whether this affected time to

treatment onset satisfactorily. Despite this, there were a range of important findings
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reported, with the majority indicating difficulty triaging women with ACS. A great deal of
excellent ACS-research continues to be completed in Australia. However, the research
published to date rarely investigates (or reports) comparative findings between men and
women. This may be because such evidence has not been found (in which case, negative
reports would be useful and may be forthcoming) or has not been investigated because it may
seem unlikely patient sex would affect patient care for ACS in Australian EDs. With so much
research reporting that ‘time is muscle’ and ‘every minute counts’ in ACS, it seemed like a very

important area of investigation.

The aggregated findings from the literature review were that most available research revealed
women’s presentations with ACS to ED triage nurses were difficult to assess and were often

not managed with parity with men’s ACS.

Future research needs to look further into the reasons behind the difficulties reported in
assessing women with ACS at ED triage. There continues to be no strong explanation as to
why triage of women’s ACS is different to men’s, apart from possible symptom differences. It
was highlighted in the literature review that women’s symptoms may sometimes be different
than men’s, but it was found through clinical vignettes that even when the symptoms of ACS
were the same between the sexes, the triage decisions reached were often different. The
guestion of differences in patient cues which prompt certain decisions is therefore, not
straightforward. If a triage nurse suspects a patient is suffering from a time-sensitive ACS but
does not triage them accordingly, and the way they would if the woman was a man, then
there is a bias, albeit likely subconscious, requiring a great deal more investigation. Further
guestions needed to be asked around the impact of patient sex on ACS triage and timeliness
to treatment onset, which guided the DaME Il study into the first research publication of this

thesis (Chapter 3).
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6.3.2 Research objective 2.
Explore current practice of triage score allocation for ACS and subsequent treatment onset

times in relation to patient sex

Findings from the literature review presented in Chapter 2 prompted investigation of parity in
triage score allocation and subsequent time to treatment onset for women and men with ACS
using Australian ED data. Previous studies reported in the literature review had used a range
of mixed qualitative and quantitative methods with similar, but sometimes inconsistent
results when using small sample sizes. To overcome this, a large government dataset was
used with appropriate Ethics Committee and Department of Health (DoH) approvals, in
addition to successful applications for data extraction from DoH, to enable analysis of
thousands of triage score decisions for patients with actual or suspected ACS and AMI.
Analysis of the Victorian Emergency Minimum Dataset (VEMD) data for a period of five
concurrent years was undertaken for more than 260 000 patient presentations for all general
public hospital EDs across the State of Victoria. This was felt to be ideal because the data
could provide a true reflection of what was happening across the one state’s EDs. With such a
large sample of EDs, patient presentations and ED triage nurses, findings were likely to
represent what was happening generally, and not just from one or two hospitals’ EDs. A
criticism which has previously been aimed at randomised controlled trials (Steg et al., 2007),
as critical as they are to knowledge acquisition, is that patients selected are often not
representative of the population they are designed for. The DoH database was state-wide,
which helped overcome this. Analysis of the large database reported from hospitals, away
from the bedside and validated through government agencies (Duckett & Jackson, 2008),
helped to ensure a picture of what was really happening for a broad group of patients aged 18
— 85 years when arriving at ED triage desks for evaluation and sorting. Data were analysed for
triage score allocation and time to treatment onset in minutes for men and women with

actual and suspected ACS.

Major findings emergent from analysis were that incorrect triage score allocation for patients
with ACS, including AMI was common for both sexes, but worse in women. Proportionately
less women received expected or correct triage for AMI than men, and correct triage score

was found to influence timeliness to treatment onset.
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Future research in relation to this objective and findings are warranted and need to be
conducted in other EDs including those in private hospitals and possibly overseas. This is
feasible because most countries’ EDs use organised triage processes and report data to their
governments or boards using the International Classification of Diseases and Related Health
Conditions (ICD-10), which is maintained and updated by the World Health Organization,

making broader exploration of the uncovered phenomena feasible.

Further examination needs to evaluate whether triage nurses in Australia are cognizant of the
differences between men’s and women’s presentations common in ACS and investigate
decision-making rationale and equity between patient sexes. In lieu of this, an online survey
using 20 real cases from the St Vincent’s Hospital ED database has been designed to
investigate this further during post-doctoral studies. The survey has Ethics Committee
approval (Appendices G & H) and has been reviewed and approved by the College of
Emergency Nursing Australasia (CENA) Research Sub-committee for dissemination through its
membership. This request to CENA will be updated and resubmitted during preparations to
move this research forward. Original plans to implement were delayed due to other triage-
oriented surveys being distributed through the CENA membership at the time of the original
request and caution to avoid fatiguing potential participants of research was exercised, with
further important database research undertaken instead. The survey has been positively
evaluated for face validity by five ED nurse experts and will be further validated prior to
amending where necessary and disseminating online to Australian ED nurses via the CENA

membership (Appendix I).

Another question to be explored through research is whether or not well-defined patterns in
patient presentation complaints when arriving at ED triage with ACS actually exist. It has been
established that part of the problem in assessing women with ACS is that the patterns of
symptoms to observe for have been generated using data from male patients with ACS. As
described in Chapter 1, numerous researchers have investigated differences in women’s
symptomatology over the last 10 to 15 years, however, findings are inconsistent. The
methods previously employed have included various qualitative and quantitative techniques,
but none have been found to have used text mining with R programmes on a large dataset.
ED triage nurses at St Vincent’s Hospital (Public, Melbourne) record detailed digital notes

regarding patients’ presenting complaints at triage. With Ethics Committee approval
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(Appendix H), the clinical triage notes for patients later diagnosed with ACS from 2005 — 2012
have been extracted and are being cleaned and prepared for text mining using a novel
technique with a number of programmes within R. A programme has been written by the
Researcher and Mr John Ward (statistician), with conceptual input from the Researcher’s
doctoral supervisors to find patterns, clusters and correlations quantitatively amongst data to
determine whether there are discrete patterns belonging to each patient sex for ACS. The R
programmes have only recently become available and have not been used on these type of
data in this way before. The findings will be reported by publication early in the Researcher’s
post-doctoral work and may help inform future sex-specific heart disease triage research and

education.

Of note, recent international reports have described changing triage systems to ‘first-come —
first-served’ services in which nurses and/or doctors will begin treating patients upon first
greeting them in the ED, dramatically altering current ED triage practice (Alonso, 2013, Naik et
al., 2012). The changes are a response to prolonged waiting times in ED waiting rooms and
are based on lean thinking principles (Naik et al., 2012; Piggott et al., 2011; Welch et al.,
2012). This is a newly developing topic of discussion and is not, to the best of the
Researcher’s knowledge currently mooted for Australia. Should triage processes change in
future however, the research presented in this thesis and proposed post-doctoral research
will still prove valuable: Women will still present to ED staff with ACS and require time-
sensitive disease to be assessed and recognised early to enable prompt access to reperfusion
therapy. Hence, patients’ needs will remain the same, but identification of inequitable
treatment delays may be more difficult to recognise without the structure of the Australasian
Triage Scale (ATS). Nonetheless, the ATS and its predecessor, the National Triage Scale have
been shown to be valid and reliable instruments for sorting patients in ways that optimise
clinical outcomes in Australian EDs (Dilley & Standen, 1998; FitzGerald, 1989; Gerdtz et al.,
2009; Jelinek & Little, 1996), and mean they are likely to remain important in the Australian

ED landscape for the foreseeable future.
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6.3.3 Research objective 3.

Determine if non-clinical demographic factors influence triage and treatment onset time for
ACS in EDs

It has been reiterated in this thesis that assignment of a triage score using the ATS is based on
the triage nurse’s evaluation of a patient’s level of urgency. The evaluation of urgency is
purely a clinical decision. It was important to determine whether other non-clinical factors
were associated with delayed treatment onset for ACS from the time of patients’ arrival at
EDs and should, therefore, be incorporated into future education and training efforts. To do
this, the Researcher learned to utilise regression tree method, a technique which has rarely
been used in nursing research, and analysed the VEMD data further in search of patterns,
previously unknown which may have prompted patient vulnerability to undertriage and
prolonged treatment onset times for AMI. AMI was selected rather than the broader ACS
diagnosis because of the need to concentrate on those patients who were most likely to have

benefited from the earliest possible treatment onset, which was measured in minutes.

Key findings arising from this research were that first, a number of patterns in non-clinical
variables exist which lead patients to be at risk of delayed treatment onset for AMI. These
include correct triage score allocation (although this was to be expected, the regression tree
analysis algorithm did not know this and merely checked all variables against each other
repeatedly for patterns), mode of arrival, reported area of residence, English as preferred
language and patient sex. Other variables of interest include increased patient age and
patient sex (again). Differences in timeliness to treatment were identified as causing
increased risk to women patients with AMI who presented to metropolitan EDs by private car,
and were more likely to have been undertriaged. The risk was greatest for those who did not

speak English.

Future research is necessary to determine whether the identified delays lead to differences in
patient outcomes from AMI. This will require improved linkage between datasets to be able
to further investigate relationships between triage score allocation and timeliness to
treatment onset, with adverse inhospital and post-discharge patient outcomes such as repeat
AMIs and death. Ideally, future database research will be possible with robust non-

identifiable linked Medicare data for patient presentation to general practitioners or other
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healthcare institutions, ambulance, VEMD, VAED, the Pharmaceutical Benefits Scheme (PBS)

and registries of mortality.

6.3.4 Research objective 4.
Determine whether patient sex influenced access to evidence-based treatment for ACS in
Victorian public hospitals, and whether mortality rates from ACS were influenced by patient

sex

Chapter 5 includes a research manuscript which has been submitted to a peer-reviewed,
scientific journal. The manuscript examines two issues: The first is patient access to
reperfusion therapy (PCl and CABG) when admitted with ST-segment elevation myocardial
infarction (STEMI) to Victorian hospitals; and the second is inhospital mortality with STEMI,
according to patient sex. The sample is separated into pre- and post-retirement age to
investigate patterns of treatment provision and death that may be related to patient age as
well as sex. The research questions guiding this research, new contributions to knowledge

and suggestions for future research are discussed separately below.

a. Is interventional reperfusion therapy equally provided to younger and older men and
women patients admitted to Victorian public hospitals with STEMI?

Reduction of morbidity and mortality in STEMI is most effectively achieved through timely
access to evidence-based treatment. Patient sex has been found to influence access to
treatment for ACS in a number of international studies discussed in Chapters 1 and 2, but
there has been little research reported on treatment equity according to patient sex for ACS
(including STEMI) in the Australian context. The database research reported in Chapter 5
limited analysis to patients who were admitted to Victorian hospitals over consecutive years
with STEMI to enable investigation of treatment provision for patients with the type of AMI

shown to derive most benefit from early reperfusion therapy.

Analysis of the Victorian Admitted Episodes Dataset (VAED) data, divided into two groups;
pre- and post-retirement age, revealed the important findings that younger women were less

likely than younger men to receive interventional reperfusion treatment for STEMI, but were
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more likely to have longer lengths of stay in coronary care units (CCUs). Older women, when
compared to older men, were less likely to receive stents or other PCl or CABG therapy, but
were more likely to be older than men on admission and have longer average inhospital
lengths of stay. The younger women may have longer CCU stays because they are sicker by
the time they are treated. A high proportion of them may also be subsequent Mls, which may
be more severe (Deloitte Access Economics, 2011). The older women may have outlived their
husbands due to their longevity (ABS, 2011). Without further evidence, these are just

suppositions however.

Future research needs to be undertaken to investigate reasons for reduced treatment access
to younger and older women and variations in lengths of stay in CCU for younger women, and
the general wards for older women. It is not known if variations in decisions to treat are due
to other patient factors, physician preferences or biases, or patient decision-making and
preferences. It seems unlikely a statistically significant proportion of younger women would
opt for non-interventional treatment of STEMI, and be responsible for under-treatment in
both older and younger women’s age groups. Prospective research needs to capture reasons
for decision variations between the sexes in younger and older patient groups, which is likely
to require more detailed analysis of patient medical histories (audits) and physician survey.

Fibrinolytic therapy administration also needs to be incorporated into future VAED analysis.

b. Are patterns of inhospital mortality different between younger and older men and
women patients admitted to Victorian public hospitals with STEMI?

The second part of the research question addressed in Chapter 5 investigated whether there
were differences in inhospital mortality between men and women with STEMI. A number of
previous international researchers have reported women’s inhospital mortality was higher
than men’s for STEMI, but others have argued against the voracity of these findings because
women with STEMI have tended to be older and therefore, at greater risk because they have
usually accumulated more co-morbid diseases. Although the notion that it was reasonable to
expect and just accept that older patients (predominantly women) would die from STEMI
seemed difficult to justify and unfair, the mortality analysis was split into younger and older

age groups to enable comparison between younger and older patients of each sex.
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The major finding was that both younger and older women were overall, more likely to die

when admitted to hospital with STEMI than men from similar age groups.

Future research needs to investigate why proportionately significantly more women die
inhospital with STEMI than men. It may be partly because of variations in reperfusion
treatment provision, but causation cannot be determined through the findings from the
descriptive research paper under development in Chapter 5. Without more research, the
findings between treatment and mortality cannot be said to be causally associated and
although this represents an important addition to knowledge of ACS experienced in Australia,
it cannot be claimed to be more than this. Future prospective observational research is
necessary to investigate the higher inhospital mortality experienced by younger and older
women, when compared to their male counterparts at much greater depth. Mortality
differences may be due to under-treatment and treatment delays caused by women
presenting later for treatment or delays in treatment onset through EDs, or they might be due
to sex-based variations in pathophysiology causing more difficult to treat STEMI or aberrant
reactions to treatment. All of these questions require further research, which is most likely to

include a mixture of qualitative and quantitative investigations.
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6.4 Synthesis of suggestions for future research

The discrete research studies undertaken in the DaME Il programme have resulted in a
number of findings important to the future early assessment and inhospital management of
women’s ACS. Some of the findings are original contributions to emergency and
cardiovascular healthcare on an international level, whilst others reflect findings similar to
those from past international research, but as far as can be ascertained through review of
indexed and published (English) literature, have not been demonstrated in the Australian
context. Most of the research presented in this thesis, whilst important, is retrospective and
descriptive exploratory database research. Exploratory database research is a vital and
underutilised method of research available to nursing because through analysis of large
datasets, patterns of care variation and patient vulnerabilities can be determined and future
research guided in an informed way, not possible with local level data. The use of whole-of-
population data increase the volume of accessible information and avoids issues related to

individual clinician or institution opting-in or -out, thereby avoiding selection bias.

Table 6.2 presents a summary of recommendations for future research which have evolved
through findings uncovered in the DaME Il study. It is used to demonstrate where research
from knowledge gained from the research programme fits with the underlying principal areas
of timeliness and access to treatment, and a third important principal emergent from
mortality data which relates to outcomes. It suggests directions for future investigations, a
number of which will be undertaken in early post-doctoral research. A sub-section (6.4.1)
after Table 6.2 is provided in text to outline possible future research related to ‘big data’,
which was briefly touched on in Chapter 4 because CaRT analysis fits within this research

paradigm.
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Table 6.2. Summary of recommendations for future research for women’s ACS

Underlying

principle

Knowledge guiding
recommendation

Future research recommendations

Timeliness

Triage nurses
inconsistently suspect
women’s ACS compared
to men’s, with the two
main factors implicated
being atypical symptom
presentation patterns
and advanced age, which
may increase or
decrease level of
assigned triage acuity

Evidence is sparse, but
women may be
susceptible to
undertriage for ACS even
when triage nurses are
aware of symptom
differences

Women are susceptible
to undertriage for AMl in
Victoria, Australia

Undertriage leads to
delayed treatment onset
for AMI

The combination of a
number of identified
non-clinical factors
determine time to
patient onset for AMI in
the ED when present in
identifiable patterns

Survey Australian triage nurses to understand the
cues most commonly used to discriminate ACS in
women and men, and investigate their beliefs
related to incidence and severity of women’s
heart disease

Use a novel method to those used in previous
triage of ACS research to examine for quantifiable
features of women’s ACS presentations that may
be used to provide better cues for discriminating
ACS from other conditions

Examine triage nurse clinical-decision making
processes for ACS evaluation and values employed
to assign triage acuity decisions to knowledge of
potential presentation differences due to patient
sex, age and comorbid disease in Australian triage
nurses

. Determine if there is a generalised and identifiable

gender-bias in Australian ED triage nurse decision-
making towards triage evaluation of women with
suspected ACS and the basis for any differences

. If patterns of symptoms more likely to be sensitive

and specific to identifying ACS in women can be
established (see ‘b’), incorporate these into triage
assessment to enable research of focused ED ‘fast-
track’ to ECG and high-sensitivity troponin assay,
and notification of a ED personnel able to mobilise
early PCl where ischaemia and infarction are
suspected; and where PCI facilities are not
possible, early fibrinolytic therapy administration.

Further examine and corroborate variables shown
by regression tree analysis to increase time to
treatment for patients with AMI in EDs such as
non-arrival by ambulance in Victorian and
interstate EDs to enable incorporation into
teaching material designed to mitigate risk of
delayed treatment onset to patients belonging to
vulnerable groups
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e Victorian women receive | g. Develop an audit tool to evaluate access to

less PCl with stent reperfusion therapy and rationale for non-access
Access reperfusion therapy for for all men and women presenting to EDs to
STEMI ensure all patients eligible (and consenting) to

treatment able to abort or minimise AMI receive
the treatment within recommended timeframes.
Reasons for patients and treating physicians and
cardiologists opting to, or not to treat with
reperfusion therapy and the most beneficial
medications should be evaluated to ensure
application of guidelines in practice.

e Victorian women both h. Develop an audit tool to measure patient ED and
above and below inpatient inhospital LOS, morbidity and mortality.
Outcomes retirement age This would ideally first be state-based and then
experience greater national, employing mixed methods to enable
inhospital mortality than qualification of the patient experience as well as
their male counterparts quantification of the following:

i. Morbidity measurement should include patient
or staff reports of major adverse cardiac events
including heart failure, cardiogenic shock,
major bleeding, readmission and repeated
infarction inhospital and for up to 12 months
post-discharge

ii. Mortality should be measurable inhospital, and
at 30-days, six- and 12-months after discharge

ACS, acute coronary syndrome; AMI, acute myocardial infarction; ECG, electrocardiogram; ED, emergency
department; LOS, length of stay; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation
myocardial infarction

6.4.1 Recommended system change to accommodate ‘big data’

Database research has entered the realm of ‘big data’, where massive amounts of information
can be searched, clustered, correlated or separated and with guidance from researchers,
analysed in search of meaningful patterns amongst data. Patient healthcare data may be data
mined to, amongst other things; improve timeliness of, and access to care, in addition to
evaluation of equity in care delivery. Privacy issues are important, but confidentiality can be
maintained through diligence and continued use of aggregated, non-identifiable data in

algorithm development.
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Digitalisation is the first step in the process and is well underway with projects designed to
digitalise everything that has ever been published in history (Mayer-Schonberger & Cukier,
2013). Significant amounts of non-written health data have already been digitalised in recent
decades: Radiological images for instance, may be added to databases. The stage beyond
digitalisation is known as ‘datafication’ (Mayer-Schonberger & Cukier, 2013), which is where
information is rendered useful for big data analysis. To enhance monitoring and guide

improvement of healthcare, data need to be datafied further at two levels.

First, data needs to be nationalised and more large datasets linked. Some of this may be
already underway, but it needs to be made available to clinicians and statisticians able to
utilise the information meaningfully. Such change has previously been advocated for in the
Australian healthcare system in the form of clinical-quality registries (McNeil et al., 2010).
McNeil et al. (2010), in describing the National Health and Hospitals Reform Commission’s
2009 report finding that improved monitoring of service delivery is a critical element in health
system reform, argued development of registries would enable benchmarking of clinical
outcomes and stimulate competition. McNeil and colleagues proposed the data repositories
would provide information on safety and efficacy of treatment, and could be used to
determine if patients have access to timely treatment and whether it is delivered in line with
best practice (McNeil et al., 2010). A similar registry for cardiac outcomes has been called for
(CSANZ, 2011) and may collect the necessary data to build on findings emanating from the
current thesis and be used to help complete several of the research recommendations

summarised in Table 6.2.

Second, data at the point of patient care needs to be increasingly digitalised and datafied to
enable development of algorithms to reduce risk for patients with ACS. Numerous studies,
including research presented in this thesis, have shown some patients; women in particular,
are at risk of delayed treatment onset and reduced access to reperfusion therapy for ACS.
Although the causes are likely to be multifactorial, women are also at risk of greater inhospital
mortality. Computerised warning systems could be developed to ensure patients who fit
certain profiles do not receive unnecessarily delayed treatment or are under-treated for ACS.
Ideally, data for patient presentations would be de-identified and encrypted to enable
establishment of patterns of risk for general practitioner visits, drug prescriptions, ambulance

care, ED and inpatient hospital care, discharge, major adverse cardiac events and mortality.
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Clinical patient data not normally available in database research in Australia such as comorbid
diseases, ejection fractions and Killip Class scores, coronary vessel involvement, enzyme rises,
ECG changes, hypotension or hypertension, blood sugar levels, pain scores and length of time
between symptom development and arrival at healthcare facilities, and patient preference for
treatment, would all be useful for future research around levels of risk in patients presenting
with ACS and should all be evaluated for possible inclusion in future database and registry

developments.
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6.5 Limitations of the research programme

There are particular limitations relevant to this research which need to be acknowledged
towards the conclusion of this thesis, in addition to those discussed in each of the
publications. These issues include: Database research per se; and, Australian healthcare

database limitations.

6.5.1 Database research generally

An important limitation of database research is that it is carried out using secondary data
which are often collected for administrative purposes. Research questions are limited in
many respects to what is available in the data, suggesting that research completed in this PhD
is exploratory. The series of research questions explored on more than one dataset has
helped to ensure meaningful knowledge was added to the area of women’s early assessment
and management of ischaemia and infarction in this instance. In the current research
programme, access to two large datasets, coupled with insider knowledge and clinical
experience in the area of investigation was beneficial and has enabled the evaluation of
where there are systemic differences in the assessment, treatment and outcomes of ACS in
women — many of which have not been reported previously. Without database research, the
understanding of what is happening across all of Victoria’s or any other state’s or territories’
public hospitals would not be possible on such a large scale and over an extended period of
time. Due to the requirement that data are reported to the Department of Health (DoH) and
institutional remuneration is tied in with records of treatment and disease provided within
them (Duckett & Jackson, 2008), the data are representative of the population of interest.
Triage score allocation is uniform, ICD-10 coding is uniform, DoH conducts its own data
integrity audit procedures (DoH, 2011) and, apart from a problem discovered in the records of

treatment with PCl and some CABGs over the last two years, there were minimal missing data.
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6.5.2 Australian healthcare database limitations

There are a number of factors which impede database research, many of which could be
overcome with pre-planning of what is collected with clinicians who are familiar with the
healthcare systems from which the data are drawn. l|deally, the clinicians could also use or
guide the use of data in ways that make datasets meaningful and able to monitor, guide and
measure the application of evidence-based guidelines into healthcare delivery. The data
extractions, with ethics approvals and modification processes, DoH processes and numerous
telephone, email and face-to-face meetings took 2% years to extract in the format used in the
publications included in this thesis. Critical support and input was provided by a DoH data
analyst, however, when the analyst moved to another government agency, processes were
not in place to retrieve further data. Individuals subsequently assigned to assist extract the
missing PCl and CABG data were unable to retrieve it in a timeframe which suited the

requirements of the DaME Il study.

Not all delays in accessing the datasets were negative however because each time the formal
requests were revisited or more discussions took place with DoH staff, more data became
available and in greater detail. Early extractions contained non-identifiable data for patient
presentations and admissions aggregated in 5-year age groups. By the time data were
extracted in their final form, more (still non-identifiable) data were available and with patient
age provided in single years. This was advantageous for a number of statistical procedures
because of the continuous nature of the variable and the greater volume of information

available for analysis.

It seems wasteful to have so much data integral to monitoring important aspects of the
healthcare system, sitting in storage and not adding to the wellbeing of the State. If
healthcare could be better monitored to ensure guideline-based care is systematically

employed in practice, it may be possible more morbidity and mortality could be avoided.
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6.6 Conclusion of the DaME Il research programme

The DaME Il study has provided research-based analytic insight and new knowledge into ED
triage score allocation and treatment onset times, in addition to proportional reperfusion
therapy provision and mortality for women and men patients with ACS admitted into the
Victorian public hospital system. The study has added to the understanding of efficacy and
equity in public hospital ED triage of heart disease in women, and inhospital treatment and
outcomes, compared to their male cohort. The thesis included a series of separate studies
which employed a range of methods of quantitative analysis to answer research questions. As
a PhD by Publication, the various publications incorporated a number of different
methodologies appropriate to meet the needs of each investigation’s research aims and

questions.

Research from this thesis has provided knowledge, not previously appreciated about ED triage
nurses’ influence on the time to access evidence-based management for women patients with
ACS. It also investigated inhospital treatment provision for the most commonly used and

guideline-recommended therapy, PCI.

It is anticipated that future investigative and interventional research will result in significant
positive clinical outcomes for women’s cardiovascular health as novel ways of imparting new
knowledge are developed in response to these findings and those of future studies.
Implementation of research findings into practice will require a number of approaches to
improve the timeliness and access of women presenting with ACS to current evidence-based
guidelines. In essence, the degree of suspicion for ACS and knowledge in relation to women’s
heart disease will need to be further heightened to encourage care of this patient group to be

appropriately expedited and managed.

Recommendations for future research have been outlined and findings from the current
DaME Il study will be shared through presentations nationally and internationally, and

published in peer-reviewed and easily accessed journals.
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