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Abstract 

 

Background: Heart disease is the number one cause of death in the world. Heart 

disease results in a significant number of hospitalisations, diagnostic testing, and 

requires ongoing access to health services to manage this complex disease process. 

Adverse events associated with treatment for heart disease have significant 

immediate and long term effects on patients, caregivers, service providers, and 

result in increased burden on the health system. 

 

Aim: This thesis aimed to investigate adverse events during hospitalisation for heart 

disease in a large, diverse, regional health district, in particular in the major tertiary 

referral centre.  

 

Methods: This thesis explores the relevance of individual factors, treatment factors, 

and organisational factors to the occurrence of adverse events in people hospitalised 

predominantly for acute coronary syndromes. Routine clinical data collection and 

data linkage systems were developed by the Candidate to facilitate this research. 

 

Results: The thesis comprises five individual, interlinking studies: Study 1 “Missed 

acute myocardial infarction (MAMI) in a rural and regional setting” describes factors 

associated with missed diagnosis of acute myocardial infarction in a regional setting. 

Study 2 “Femoral vascular complications following cardiac catheterisation” aimed to 

determine the predictors of femoral access vascular complications in patients 
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following cardiac catheterisation or percutaneous coronary interventions. Study 3 “A 

comparison of outcomes during a transition from femoral to radial access in patients 

presenting with ST segment elevation myocardial infarction” describes the change in 

practice from femoral artery access to trans-radial artery access in primary 

percutaneous coronary intervention. Study 4 “Nursing led ultrasound to aid in trans-

radial access in cardiac catheterisation” examined the feasibility of setting up a nurse 

led approach to identify radial artery complications. Study 5 “Contemporary trends in 

stroke complicating cardiac catheterisation” determines the causes and outcomes of 

a post cardiac procedural stroke. 

 

Conclusion: This program of research emphasises the role specialised nurses have 

in monitoring adverse events, improving care and promoting patient safety. This 

research provides valuable information to inform clinicians for translation to other 

hospital systems to improve health outcomes for people hospitalised with heart 

disease. 
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Chapter 1 

Introduction 

 

This chapter will outline the health service examined and the studies performed as 

part of this thesis to identify adverse events following cardiac admissions and 

procedures in a regional Australian health district. To set the scene, an overview of 

the incidence and prevalence of coronary heart disease (CHD) in Australia and 

worldwide, the risk factors for the development of CHD and the clinical 

manifestations of heart disease, including the diagnosis of myocardial infarction will 

be provided. This background information is important due to the role of invasive 

assessment in the diagnosis and treatment of CHD and the potential impact on 

patient outcomes. This review will explore adverse events associated with a 

cardiology admission to hospital, including the missed diagnosis of myocardial 

infarction, femoral vascular complications, radial occlusion post cardiac 

catheterisation, post procedural stroke and common complications that a cardiac 

patient may experience during an admission to hospital. While the incidence of 

complications and adverse health outcomes are relatively infrequent, these events 

carry significant morbidity and risk of mortality. 
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1.1 Thesis outline 

 

1.1.1 Study Setting 

 

The centre where the studies were undertaken as part of this thesis is a large 

regional health district located in New South Wales, Australia. The Hunter New 

England Local Health District services a population of 950,000 people and covers a 

geographical area of 131,785 square kilometres, see Figure 1.1. This area covers 

major cities, inner regional, outer regional and remote populations. Each year the 

district records approximately 15,000 chest pain presentations across 37 hospitals. 

These hospitals range from small nurse led hospitals, general practitioner hospitals, 

general physician led hospitals, through to the tertiary referral centre and teaching 

hospital, the John Hunter Hospital, which consists of 700 beds and is staffed by 

senior cardiology staff (Marsden et al., 2010, Williams et al., 2016) 
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Figure 1.1: Hunter New England Health District: A large health service on the 

east coast of Australia 

 

The John Hunter Hospital (JHH) cardiac catheterisation laboratory performs 

approximately 2,000 coronary angiograms and percutaneous coronary interventions 

each year. The laboratory is staffed by senior interventional cardiologists, fellow 

interventionalists and cardiology advanced trainees. The JHH cardiac catheterisation 

service has a large referral base extending to the major part of the east coast of 

NSW. The JHH catheterisation laboratory performs all major interventional 

procedures, including diagnostic cardiac catheterisation, percutaneous coronary 

intervention (PCI), primary PCI, and has an emerging structural disease programme. 

In line with global trends, the predominant arterial access method for cardiac 

catheterisation and PCI is via trans-radial access. The health service examined has 
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implemented and pioneered many of the state’s reperfusion programmes and has a 

long standing record of system development and refinement (Mears et al., 2010, 

Khan et al., 2016). 

 

The health service has its own independent clinical governance unit, which ensures 

adherence to the current policies and procedures of its governing body New South 

Wales (NSW) Health. Under this risk management structure all facilities are required 

to notify and manage all clinical adverse events within the service (Clinical 

Excellence CommissionAustralian, 2014). This policy requires a consistent and co-

ordinated approach to the identification, notification, investigation, and analysis of 

incidents resulting in clinically appropriate intervention (Clincial Excellence 

CommissionAustralian, 2014). In addition, relevant current clinical guidelines outline 

the importance of systematic review and detection of adverse events (Levine et al., 

2016, Neumann et al., 2018, Naidu et al., 2016). This thesis allows the incorporation 

of these polices and guidelines into clinical practice to provide meaningful research 

that aims to improve and inform patient care. 

 

Given the complex nature of hospital care, and the high risk factor burden in people 

with CHD, adverse events may occur (Rafter et al., 2014). While the incidence of 

adverse events is small, the effect of adverse events for cardiology is significant, 

particularly in terms of the physical and psychological impact on patients and the 

cost to the health system. Determining the causative factors of these potentially 

catastrophic adverse events and establishing a method to monitor and predict 
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adverse events is crucial to inform policy development and improve clinical practice 

(Rafter et al., 2014). Greater awareness of risk factors for adverse events will lead to 

better management of patients at increased risk of adverse event after an admission 

to hospital with a cardiac diagnosis. Data generated from this thesis relies on 

innovative methods of clinical data collection across a diversely equipped health 

district. These methods of research are new to this health service. This will lead to 

better management of patients at increased risk of adverse events after an 

admission to hospital with a cardiac diagnosis. 

 

1.1.2 Introduction to studies 

 

This thesis is composed of an introduction, five individual manuscripts, and a final 

concluding chapter that discusses the conclusions of this body of research, the 

positive contributions this thesis has already generated, and potential future 

directions for research. 

 

The overall aims of this thesis are to examine complications and health outcomes 

associated with a cardiology admission to a large regional health district, and to 

develop a nurse-led system of monitoring to identify and manage adverse events 

over a large geographical area. A synopsis of this thesis is as follows: 
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The introduction (Chapter 1) describes the burden of heart disease and places it in a 

local and international context. It summarises the risk factors for cardiac disease, 

investigations for diagnosis, current treatment methods, and differing clinical 

presentations. The introduction progresses to detail the occurrence of adverse 

events associated with an admission to hospital for treatment and investigation of 

heart disease from a clinical, procedural and organisational standpoint. 

 

Study one (Chapter 2), “Missed acute myocardial infarction (MAMI) in a rural and 

regional setting” describes factors associated with missed diagnosis of acute 

myocardial infarction in a regional setting. The aim was to identify any differences in 

clinical characteristics between patients who had a myocardial infarction successfully 

treated, and those that had a missed diagnosis of myocardial infarction. Outcomes 

including length of hospital stay, 30-day readmission rates and mortality were 

assessed. This first study was implemented to provide a research framework with a 

focus on data linkage to identify adverse outcomes, in particular the missed 

diagnosis of myocardial infarction. Major findings from this work were that patients 

who had a missed diagnosis of myocardial infarction had a three-fold higher mortality 

rate than the treated infarct mortality rate, a 20% increased length of stay, and eight 

times the readmission rate compared to the treated myocardial infarction group. 

Anterior infarction was the most represented infarction type of those that were 

missed. This study identified an increased burden of missed myocardial infarction in 

rural and regional areas with a heightened mortality rate compared to metropolitan 

patients. 
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Study 2 (Chapter 3), “Femoral vascular complications following cardiac 

catheterisation” aimed to determine the predictors of femoral access vascular 

complications in patients following cardiac catheterisation or percutaneous coronary 

interventions. For this research a femoral vascular complication (FVC) is defined as 

a pseudoaneurysm or retroperitoneal haemorrhage. Factors that increased the odds 

of FVC were female gender, smoking, diabetes mellitus, hypertension, anticoagulant 

medication, elevated body mass index, and use of vascular closure devices. The 

described burden and impacts of femoral complications around the world facilitated 

further study into the impact that an alternative method of arterial access (trans-

radial access) could have on improved patient outcomes and the reduction of 

adverse events. This led to Study 3. 

 

Study 3 (Chapter 4), “A comparison of outcomes during a transition from femoral to 

radial access in patients presenting with ST segment elevation myocardial infarction” 

describes the change in practice from femoral artery access to trans-radial artery 

access in primary PCI for the treatment of ST-segment elevation myocardial 

infarction (STEMI), on patient outcomes. Primary endpoints were death, stroke and 

myocardial infarction and secondary endpoints were length of hospital stay, 28 day 

readmission, 28 day survival and long term mortality. This study describes the 

outcomes of this transition period from femoral arterial access to trans-radial access 

in this high risk STEMI cohort, which may be particularly important for other 

institutions contemplating this change. This study showed benefits in time 

parameters, transfusions, and vascular complications in the trans-radial group. 
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Study 4 (Chapter 5), “Nursing led ultrasound to aid in trans-radial access in cardiac 

catheterisation: A feasibility study” builds on the previous study given the positive 

benefits of trans-radial access. This study sought to determine what complications 

occur in the trans-radial access group. This study focused on identification of radial 

artery occlusion, in a consecutive patient cohort after cardiac catheterisation. It 

aimed to examine a nursing led model of predicting radial artery occlusion using 

ultrasound guided radial artery diameter measurements. This study, the first of its 

kind within the literature utilising nursing led ultrasound showed a 4% rate of 

occlusion observed immediately following compression band removal. This work 

showed that an increased time of haemostasis device application was associated 

with radial artery occlusion. Male gender and height were predictors for a larger 

radial artery diameter. This study showed that trained specialist cardiac nurses can 

safely lead the assessment of radial arteries within a cardiac catheterisation 

laboratory to enhance planning and care. With the emergence of radial access 

throughout the world, this study can be replicated in any cardiac catheterisation 

centre to aid in nursing led research and improve patient outcomes. 

 

Study 5 (Chapter 6), “Contemporary trends in stroke complicating cardiac 

catheterisation”. This thesis concluded by determining the causes and outcomes of a 

post procedural stroke, a devastating disease process with significant adverse long 

term health outcomes for patients. This study built on the research framework to 

examine the rate of stroke and trans ischaemic attack (TIA) for patients undergoing 

cardiac catheterisation, and determine if a post procedural stroke increases the risk 

of future stroke and death compared to a non-procedural related stroke. The study 
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evaluated the contemporary incidence of stroke following cardiac catheterisation 

over a ten-year period and assesses the long-term influence of stroke on outcome. 

Using a case control design, patients were identified by correlating cardiac 

catheterisation with neuroimaging to identify cases of suspected stroke. In a large 

patient group of 21,510 patients undergoing cardiac catheterisation during the study 

period, 60 patients (0.28%) experienced cerebral ischemia. Stroke incidence 

remained stable over the study period despite changes in procedural practice. Stroke 

complicating cardiac catheterisation was associated with an increased risk of 

readmission and a significant risk of early and cumulative mortality. 

 

The discussion chapter (Chapter 7) synthesises this body of work. The immediate 

translation of this research into clinical practice is outlined, describing the 

improvements in clinical practice that have occurred. Chapter 7 outlines the 

contribution this thesis makes to cardiovascular nursing care and outlines potential 

areas for further research. 

 

In summary, this approach enabled the research aims and objectives for the thesis, 

and each individual study to be met. This thesis has generated significant new 

knowledge and innovative methods of informing research and practice. This nurse 

led investigation into health outcomes in cardiology patients enables significant 

enhancement of the nursing role through investigation of clinical outcomes. 
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1.2 Background of the Researcher 

 

My nursing journey commenced with graduating with a Bachelor of Nursing from the 

University of Newcastle in 2001. I completed my new graduate year at Gosford 

Hospital in 2002, then completed a transitional programme at Maitland Hospital. I am 

now a Clinical Nurse Consultant in Cardiology at John Hunter Hospital. This 

programme of research was undertaken while working full time in a senior role, with 

significant on call commitments. 

 

Early in my professional life I moved to John Hunter Hospital, to the Coronary Care 

unit and the cardiac catheterisation laboratory in 2003. During this time I undertook 

studies in risk management and a graduate certificate in Cardiology. Fortunately I 

was offered the newly formed position of clinical risk manager in cardiology. This 

position enabled me to co-ordinate cardiology adverse events for the district under 

the guidance of an incredible leader Professor of Cardiology, Peter Fletcher. This 

role enabled me to establish the Hunter New England Health STEMI database and 

play an active role in system development and monitoring of the STEMI systems 

within the district. During this time I developed a keen interest in the causative 

factors of adverse events, and the design and implementation of registers to guide 

practice and system monitoring. All the data systems that are the basis of each of 

the manuscripts were designed, instigated, and implemented by me. I have been an 

invited speaker on cardiology risk management, cardiology system monitoring, and 

STEMI management. The basis of this thesis was to combine my three passions of 
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nursing and nursing development, system review, and cardiology to enhance care 

delivery to improve health outcomes. 
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1.3 Coronary Heart Disease 

 

Coronary heart disease (CHD) is a disease of the blood vessels supplying the heart 

musculature (WHO, 2011). The clinical manifestations of CHD include stable angina, 

acute coronary syndromes (including unstable angina and myocardial infarction), 

heart failure, and sudden cardiac death (WHO, 2011). Coronary heart disease is 

typically caused by the process of atherosclerosis, reflecting the accumulation of 

cholesterol laden plaque in the coronary artery (Marshall, 2011). 

 

1.3.1 Incidence, Prevalence, and Cost of Coronary Heart Disease 

 

The World Health Organisation estimates that cardiovascular diseases account for 

17.9 million deaths each year around the world (WHO, 2011). In Australia, there 

were 1.1 million hospitalisations for heart disease in 2015-16, which represents 11% 

of all hospitalisations nationally (AIHW, 2018). Heart disease accounts for 1 in 3 

deaths in Australia each year, and is the leading cause of death in Australia 

(NSWHF, 2011). In addition, each year the cost of CHD within Australia is $5.9 

billion. Nationally, rural populations are 20% more likely to have CHD compared to 

metropolitan populations (Brieger and Redfern, 2013). In the United States of 

America 735,000 citizens have a myocardial infarction, and 610,000 people die each 

year due to heart disease (Mozaffarian et al., 2015). Heart disease is the leading 

cause of death in the United States of America and accounts for 43.8% of total 

deaths each year (Benjamin et al., 2018). By 2035 total cost burden of heart disease 

in America is expected to be $1.1 trillion (Hibbert et al., 2012).  
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1.3.2 Risk Factors in the Development of Coronary Artery Disease 

 

Globally the major risk factors for the development of CHD include modifiable and 

non-modifiable risk factors (WHO, 2011). Non modifiable risk factors include age, 

gender, and family history (WHO, 2011). Modifiable risk factors, include abnormal 

blood cholesterol levels, hypertension, and diabetes, plus behavioural risk factors 

including, smoking, obesity, and inactivity (WHO, 2011). Cardiac risk factors are 

forecast to be a challenge and cause of reduced life expectancy for the foreseeable 

future. In a large scale epidemiological study, 250 disease pathologies were 

modelled and subsequent cause groups of all major worldwide diseases 

demonstrating the interplay between risk factors and health outcomes (Foreman et 

al., 2018). This study is timely from a cardiac perspective as it quantified the leading 

20 risk factors contributing to the projected worldwide difference in years of life lost 

(YLL) (Figure 1). This well constructed study across diverse patient group, shows the 

leading causes of CHD, will continue to be the leading international causes of 

reduced mortality till the year 2040 (Foreman et al., 2018). 

 

Given the burden of heart disease, the literature on risk factors is significant. This 

discussion seeks to provide an overview of the examination into risk factors in the 

development of CHD, based on historical and contemporary reviews. 

 

Increased age is an independent risk for CHD and a major contributor to mortality 

within this group (Avezum et al., 2005). This is reflected in the elderly comprising an 
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increased admission rate of hospitalisations for CHD. In a large registry study 

(n=24,165) of patients with CHD which aimed to document the prevalence of co-

morbidity in elderly patients statistical analysis showed that older patients (age > 75 

years) had a higher prevalence of previous myocardial infarction, diabetes mellitus, 

cardiac failure, previous coronary artery bypass surgery, history of chronic angina, 

hypertension and atrial fibrillation (Avezum et al., 2005). 
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Legend: The differences between reference and better and worse health scenarios 

are grouped by Global Burden of Disease Study (GBD) Level 2 causes attributable 

to risks, colour coded to correspond with the causes contributing to the change in 

YLLs between scenarios for each risk factor. Black solid vertical lines represent all-

cause attributable YLLs in the 2040 reference forecast, red dashed vertical lines 

represent all-cause attributable YLLs in the 2040 worse health scenario, and green 

dashed vertical lines all-cause attributable YLLs in the 2040 better health scenario. 

Traditional cardiac risk factors of smoking, obesity, diabetes and smoking are the 

major contributors to years of life lost 

Figure 1.2: The leading 20 risk factors contributing to years of life lost (YLL) 

between the 2040 forecast, 2040 better health scenario, and 2040 worse health 

scenario (Foreman et al., 2018). 
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Gender has been described in the literature as an independent risk, with the male 

gender a risk factor for the development of CHD (Lloyd-Jones et al., 2018). In a 

major registry study which examined 7,733 patients as a part of the Framingham 

data group, 1,157 (15%) developed CHD. The authors further examined the lifetime 

risk of developing CHD at predefined ages of 40 and 70 years of age. The reported 

data is the chance over a lifetime of participants developing CHD which showed that 

at age 40 years there was 48.6% likelihood of males developing heart disease (95% 

CI 45.8–51.3), while for females there was a 31.7% likelihood (95% CI 29.2–34.2). At 

age 70 years, lifetime risk was 34.9% (95% CI 31.2–38.7) for men and 24.2% (95% 

CI 21.4–27.0) for women (Lloyd-Jones et al., 1999, Lloyd-Jones et al., 2018). The 

Framingham studied predominantly Anglo-Saxon populations in one country, the 

adaptability of findings to ethnic diverse populations should be guarded. It has long 

been the source of reliable data in particular long term risk of cardiac events and has 

contributed enormously to our knowledge of risk of heart disease related events 

(Albarqouni et al., 2019). 

 

In America, the age-adjusted CVD death rate in men was 300 per 100,000 compared 

with 212 per 100,000 women. While the burden of heart disease is predominantly in 

males, in women aged 35 to 44 years of age, heart disease mortality rates have 

increased by 1.7% in the last decade (Mosca et al., 2011). While this data is registry 

data, this large dataset includes reliable mortality data which may guide future policy 

development. 
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Family history as a risk factor in the development of CHD was examined as part of 

the landmark Framingham study where a significant proportion of historical risk 

factor data is drawn (Myers et al., 1990). This large cohort study of 5,209 patients 

followed patients in the context of the cause of death of their parents. The primary 

hypothesis was to assess the effect of established risk factors in the setting of a 

family history of CHD. Data showed that a person who had a parent die from CHD 

was significantly more likely to develop CHD when compared to other previously 

defined risk factors (Odds Ratio (OR) 1.29, 95% CI 1.13-1.47), using logistic 

regression modelling. Participants who reported a positive family history were shown 

to have a 29% greater relative risk of developing CHD than participants without a 

family history of CHD. This study further demonstrated that of males considered low 

risk for developing CHD based on modifiable risk factors, having a strong family 

history was noted in those who subsequently developed CHD. 

 

The genetic risk of developing heart disease and the extent to which it can be 

modified was examined in a prospective cohort study 51,425 patients (Khera et al., 

2016). The relative risk of CHD events was 91% greater in those in a high genetic 

risk group compared to those whose family was unaffected by CHD (hazard ratio, 

1.91; 95% CI, 1.75 to 2.09). This study further expanded on the potential for life style 

modification to reduce CHD events. Of patients with a higher genetic likelihood of 

developing CHD, a favourable lifestyle (defined by non-smoking, nil obesity, regular 

physical exercise and a healthy diet), was associated with a 46% lower risk of 

coronary events than an unhealthy lifestyle (hazard ratio, 0.54; 95% CI, 0.47 to 0.63) 

(Khera et al., 2016). 
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The role of cholesterol is an important discussion point in the development of CHD. 

Atherosclerosis development may occur as an inflammatory response that has 

resulted from injury to the walls of the artery caused by cholesterol and lipids 

deposits in arteries (Moser, 2008), in particular, the presence of low density 

lipoprotein (LDL) and high density lipoprotein (HDL). The Framingham study, 

illustrated that raised levels of LDL cholesterol has a significant role in the 

development of atherosclerosis and subsequent heart disease (Lloyd-Jones et al., 

1999). In addition, higher levels of HDL have a clear inverse relationship. The 

treatment of choice for high cholesterol, has been statin therapy which has been 

demonstrated to reduce major adverse cardiovascular events for patients at risk of 

developing atherosclerotic cardiovascular disease (Tousoulis et al., 2016). In a large 

meta-analysis of 27 RCTs of 174,000 subjects, it was shown that for every 40mg/dl 

LDL reduction with statin therapy, the likelihood of cardiovascular events in patients 

with known high LDL was reduced by 25%. Additionally, the rate of major vascular 

events (heart disease, MI, strokes, and repeat coronary procedures) was also 

reduced during each year after the first dosage. Consequently, the reduction of LDL 

cholesterol of approximately 2mmol/L reduces the risk of developing vascular events 

by about 45%. Importantly, it should be noted that the risk benefit ratio may depend 

on the risk of the patient and the amount of LDL reduction that occurs (Collins et al., 

2016). 

 

The need for a wide ranging approach to the management of cholesterol and 

identification of at-risk cohorts was the subject of updated guidelines on cholesterol 

management. The 2018 guidelines enhanced the 2013 guidelines (Stone et al., 
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2014) with a particular focus on the need for health professionals to address the 

cholesterol health burden with a more intensive approach (Grundy et al., 2018). The 

basis of the guidelines is analysis of large randomised controlled trial (RCT) data and 

consensus statements. (Eisen et al., 2016, Sabatine et al., 2017, Moriarty et al., 

2016, Lloyd-Jones et al., 2018). These guidelines emphasise the importance of a 

multidisciplinary and a more personalised approach to lipid management across the 

life span and providing guidance on the emergence of non HMG-CoA reductase 

inhibitors (i.e. statins). These guidelines do not place a target range for LDL in the 

unaffected population, rather an emphasis on achieving the lowest possible LDL 

level (Grundy et al., 2018). 

 

Hypertension is the single largest modifiable cause of cardiovascular disease, in 

addition to being the biggest cause of death around the world (Williams et al., 2018). 

Elevated blood pressure is an independent risk factor in the development of 

myocardial infarction, chronic kidney disease, stroke, and premature death (Gabb et 

al., 2016). Hypertension is defined as: stage 1 hypertension 130-139/ 80-89 mmHg 

and stage 2 hypertension >140 / >90 mmHg; based on more than 2 readings on two 

separate occasions (Whelton et al., 2018). Internationally, it is predicted that 

hypertension will be diagnosed in 1.5 billion people across the world (Williams et al., 

2018). An important sub type of hypertension has historically been isolated systolic 

hypertension, which may affect up to 15% of the population over 60 years of age and 

is the major cardiovascular risk factor which can be modified (Staessen et al., 1998). 

Isolated systolic hypertension may indicate underlying significant organ damage or 

may be considered a secondary form of hypertension characterized by remodelled 
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and stiffened arterial walls (Scholze, 2010). The long term effects of hypertension on 

the vascular bed leads to remodelling of the inner lining of the artery producing an 

increase in medial thickness. This change results from hyperplasia of the connective 

tissue fibres in the inner aspects of the artery. It is believed that this functional 

change accounts for the association between hypertension and CHD (Camm et al., 

2006). 

 

Diabetes mellitus plays a large role in the development of CHD through the long-

term effects that uncontrolled hyperglycaemia has on the microvasculature of the 

coronary arteries (Rawshani et al., 2017). The direct effect of poorly controlled 

diabetes and the establishment of adverse outcomes is now well established with 

several large landmark trials defining this link (Colhoun et al., 2004, Orchard et al., 

2015, Gaede et al., 2003). CHD is the predominant cause of a reduced life 

expectancy in patients who have diabetes mellitus (Schnell 2005). Alarmingly fewer 

than 50% of adults diagnosed with diabetes currently meet the recommended 

treatment regime, which demonstrates the current immediate challenges and 

potential long term ramifications (Fox et al., 2015). The impact of diabetes on all-

cause mortality in patients who present with an acute coronary syndrome was 

examined in the landmark “Global Utilization of Streptokinase and Tissue 

Plasminogen Activator for Occluded Coronary Arteries” GUSTO-1 trial (Mak et al., 

1997). Diabetes was shown to be an independent risk factor for higher mortality, 

when compared to non-diabetic patients. Mortality outcomes at 30 days were higher 

in Type 1 diabetics (12.5%) compared with non-insulin-treated diabetic (9.7%) and 

nondiabetic (6.2%) patients (p< 0.001). Interestingly, these poor outcomes were 



Trent Williams: Student no.: 9806725 

44 

 

reflected in one year mortality with diabetes being an independent predictor for 

mortality, (14.5% vs. 8.9%, p< 0.001) (Mak et al., 1997). Importantly this group 

predominantly received thrombolysis, and is a landmark historic trial that provided 

reliable clinical data for this period. These results have remained largely unchanged 

in the contemporary population illustrated in a large multicentre trial of patients 

presenting with STEMI, who underwent primary PCI and had long term follow up 

investigated (De Luca et al., 2013). The diabetic group had higher rates of death 

(19.1% vs. 7.4%; p< 0.0001), re-infarction (10.4% vs. 7.5%; p< 0.001), and stent 

thrombosis (7.6% vs. 4.8%; p= 0.002).  

 

Smoking has long been considered a significant risk factor. The main cardiovascular 

effects of smoking includes an increase in heart rate, increase in blood pressure, 

activation of platelets resulting in an increasing tendency to thrombosis and an 

increase in the volume of vascular plaque. Smoking contributes significantly to 

increasing the inflammatory processes in the coronary artery wall and predisposes to 

the development of coronary thrombosis (Burke et al., 2017, Burke et al., 1997). 

 

The success of public initiatives to quit smoking have led to reduced smoking 

prevalence internationally (Burke et al., 2017). In a large longitudinal study of 5401 

patients taken from the Framingham heart offspring cohort, with a mean age of 36.1 

years and 52% women there was a doubling of CHD risk in men who were smokers 

compared with non-smokers over 30 years of follow-up. Women who smoked had a 

1.5 times greater likelihood of developing CHD than those participants who did not 
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smoke (Burke et al., 2017). Reinforcing the importance of health promotion, those 

patients who stop smoking showed a reduced incidence of CHD and subsequent 

reduction in morbidity and mortality outcomes (Reiner, 2018). 

 

Obesity and inactivity, or sedentary lifestyle are independent risk factors in the 

development of CHD (Aronne et al., 2007). While previously thought to work in 

conjunction with other risk factors such as hypertension and diabetes, it is clear that 

central obesity is now considered an independent risk factor. Data from the 

Framingham study, which followed up 5,000 people over a 44 year period showed 

obesity to be an independent risk factor for CHD with a hazard ratio of 1.58 (95% CI 

1.24- 2.03, p<0.001). 

 

One of the landmark studies into the effect of exercise on the development of heart 

disease was the nurses’ health study. This observational study examined the 

frequency, duration and intensity of exercise, and how exercise impacted on the 

diagnosis of CHD in 93,676 nurses. Those who walked for greater than 180 minutes 

per week had a multivariate reduced risk of CHD of 0.65 compared with those who 

did not exercise at all (Manson et al., 2003). This data provided significant 

information to public health providers, however comes with the important limitation of 

observational studies that the study group could not control for the development of 

these lifestyle factors (Nelson, 2000). 
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The positive effects of exercise above the recommend guidelines was also studied in 

a male only study of 35,402 healthy recreational joggers, for a period of 7.7 years. 

The recommended minimal exercise activity is 30 minutes per day. This noteworthy 

article demonstrated that for each kilometre (km) per day increment in running 

distance demonstrated a 5% risk reduction for nonfatal heart disease, a 7% risk 

reduction for nonfatal myocardial infarction, a 5% risk reduction for revascularization 

procedures, and a 10% risk reduction in angina. Compared to the 3km per day 

group, the 9km group showed a 65% reduction in reported angina (p=0.008), 29% 

lower risk of non-fatal CHD (p=0.04) and 26% lower risk for fatal and non-fatal CHD 

(Williams, 2009). Physical inactivity is shown to be responsible for a 9% increase in 

premature mortality (Lee et al., 2012). The burden of inactivity and its immediate 

long term adverse health outcomes, has resulted in revised activity guidelines by the 

American Heart Association (Piercy and Troiano, 2018) based on consensus 

statements and RCTs recommending 150 to 300 minutes per week of moderate 

exercise activity, in addition to muscle building activities, see Figure 2. The 

guidelines reported a 14% reduced risk of developing a CHD. 
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Figure 1.3: The Physical Activity Guidelines for Americans (2018) shows new 

benefits of increased physical activity (Piercy and Troiano, 2018). 
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1.4 CHD Presentations 

 

Angina occurs when there is a reduction of the lumen of the epicardial coronary 

arteries (Braunwald and Morrow, 2013). The most common type of angina which is 

considered a common manifestation of ischaemic heart disease, is stable angina. 

This occurs when there is an increased myocardial oxygen demand on the heart, 

typically during exertion, resulting in typical chest pain of variable duration 

(Braunwald and Morrow, 2013). Unstable angina is usually characterised by a 

change in the frequency, nature and intensity of chest pain resulting from 

progressive coronary insufficiency. Angina can occur at rest, and may be unrelieved 

by medical therapy (Peate, 2011).  

 

Acute Coronary Syndrome is the result of unstable atheromatous plaques or 

endothelial disruption with associated transient or permanent thrombotic occlusion of 

the coronary vascular tree leading to myocardial ischaemia and infarction (Chew et 

al., 2016b). Each year in the United States of America there are approximately 

780,000 presentations for acute coronary syndromes (ACS), while in Australia there 

are 68,000 ACS presentations each year. The correct clinical care and application of 

treatment pathways of patients presenting with ACS, including acute myocardial 

infarction is the subject of comprehensive and well described clinical guidelines 

nationally, and internationally (Roffi et al., 2016, Levine et al., 2016, Amsterdam et 

al., 2014). Timely access to evidence-based management of ST segment elevation 

myocardial infarction (STEMI) is imperative for optimal clinical outcomes. 
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The “4th Expert Consensus Document, on the Fourth Universal Definition of 

Myocardial Infarction (MI)” was recently updated, and the ongoing definition may be 

reflective of the evolving diagnosis and treatment modalities in particular high 

sensitivity Troponin (Thygesen et al., 2018, Chew et al., 2016b). 

 

This definition for a myocardial infarction includes detection of a rise and/or fall of the 

biomarker Troponin, with at least one value above the 99th percentile in combination 

with one of the following: 

• Symptoms of acute myocardial ischemia; 

• New ischemic electrocardiographic (ECG) changes; 

• Development of pathological Q waves; 

• Imaging evidence of new loss of viable myocardium or new regional wall 

motion abnormality in a pattern consistent with an ischemic aetiology; 

• Identification of a coronary thrombus by angiography including intracoronary 

imaging or by autopsy (Thygesen et al., 2018). 

 

The above conditions involve impaired blood flow to the heart and in order to 

determine the exact extent and severity of impaired blood flow, further investigation 

is undertaken to optimise therapy. Investigations to determine the presence of CHD 

include electrocardiography (ECG), exercise stress testing, including the adjunctive 

use of echocardiography or nuclear perfusion (for example sestamibi or thallium 

scanning) and cardiac catheterisation (Qaseem et al., 2012). 
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1.5 Diagnosis of CHD  

 

A variety of diagnostic methods, both invasive and non-invasive can be utilised to 

diagnose CHD. Non-invasive methods of assessment of CHD remain of the utmost 

importance in the managements of patients with stable CAD including physical 

examination, electrocardiography and exercise stress testing, radioisotope perfusion 

imaging and echocardiography (Neumann et al., 2018).  

 

Electrocardiography maybe the first diagnostic tool that is used to diagnose those 

patients with suspected heart disease by members of the interdisciplinary team 

(Sampson and McGrath, 2015). An ECG can provide clinical staff with a range of 

clinical data in addition to the quantification of the rate and rhythm of the heart. 

These include cardiac ischaemia, myocardial infarction, the size of heart chambers, 

congenital heart problems, the detection of electrical abnormalities, and heart failure 

(Sampson and McGrath, 2015). In addition, an ECG provides vital information to 

define non-cardiac diagnoses including respiratory illness, electrolyte imbalances 

and traumatic injuries (Van Mieghem et al., 2004). 

 

The importance of the diagnostic utility of ECGs in the diagnosis of ischaemia is 

supported by the requirement by most guidelines that performance of ECGs should 

occur within 10 minutes of arrival to hospital (Levine et al., 2016, Steg et al., 2012, 

Chew et al., 2016b). The time sensitive approach that is often required for the 

management of chest pain and instigation of timely evidenced based treatment has 
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been shown to be a vital step in the management of the acute patient (Yiadom et al., 

2017). 

 

In addition to the ECG, more sophisticated, non-invasive diagnostic tests have 

emerged, such as coronary computerised tomography. The major invasive 

diagnostic tool to guide the management of CHD is the coronary angiogram/cardiac 

catheterisation and one of the subsequent available treatment modalities is 

percutaneous coronary intervention (PCI).  
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1.5.1 Cardiac Catheterisation 

 

A cardiac catheterisation is defined as a “radiographic diagnostic study of the heart 

in which valves and vessels are examined via x–ray and fluoroscopy following the 

introduction of contrast media” (Lange and Hillis, 2003). Cardiac catheterisations are 

performed by accessing predominantly the radial and femoral artery; less common 

routes are the brachial and axillary arteries (Kern, 2011). Heart disease management 

guided by cardiac catheterisation is an accepted means to manage heart disease 

and its varied clinical presentations (Chew et al., 2016a). 

 

In the United states of America it is estimated that one million cardiac 

catheterisations are performed each year (Slicker et al., 2016). The majority of these 

are performed on males with 48% performed in those over 63 years of age (Slicker 

et al., 2016). While in Australia during the period 2015/2016, 127,000 cardiac 

catheterisations were performed, and 41, 200 percutaneous coronary interventions 

(PCI) were performed with 66% performed on males (AIHW, 2018). 

 

Indications for cardiac catheterisation are varied and reflect the diverse range of 

complex cardiac presentations. These include settings in which CHD is suspected or 

known such as new onset angina, unstable angina, evaluation of coronary anatomy 

before surgery, silent ischemia, positive exercise stress test, or atypical chest pain. 

Following myocardial infarction cardiac catheterisation is indicated for unstable 

angina post myocardial infarction, failed thrombolysis, shock, and mechanical 
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complications of infarction. Cardiac catheterisation is also indicated for survivors of 

sudden cardiac death, patients with valvular heart disease, heart disease, congenital 

heart disease, aortic dissection, pericardial tamponade, cardiomyopathy, and the 

initial and subsequent assessment of a heart transplant (Levine et al., 2016, Gibbons 

et al., 2003, Stout et al., Yancy et al., 2017). 

 

1.5.2 Diagnosis of STEMI 

 

The diagnosis and treatment of STEMI requires a time senstive approach and 

immediate reperfusion where indicated using one of two methods of reperfusion 

therapy - primary PCI and thrombolyis (Steg et al., 2012, O'Gara et al., 2013). 

Primary PCI has been the prefered method of reperfusion for the past decade, if 

delivered in a clinically appropriate time frame (Thomas and Bates, 2017). Given the 

tyranny of distance and the lack of availability of cardiac catheterisation laboratories, 

particularly in rural and regional areas, thrombolysis offers a safe and effective 

reperfusion strategy with similar outcomes to primary PCI (Khan et al., 2016) 

(Armstrong et al., 2013). The benefits of early instigation of reperfusion therapy were 

demonstrated by landmark work which is the basis for much of the reperfusion 

strategies developed (Gersh et al., 2005). This work developed a widely used graph 

which articulates, based on a hyopthetical curve, that during the first 120 to 180 

minutes after symptom onset, a notable benefit of reperfusion therapy on mortality is 

demonstrated (Figure 1.3). Within this period, time to the instigation of evidence 

based treatment is critical. In addtion, a mortality benefit is still present but 

noticeablely decreases over time. 
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Figure 1.4 A hyopthetical curve which demonstrated the maximum mortality 

benefit of reperfusion occurs within the first 180 minutes of symptom onset 

time (Gersh et al., 2005). 

 

Both methods of reperfusion have been shown to be effective. In a landmark study, 

the widely cited “Strategic Reperfusion Early after Myocardial Infarction (STREAM) 

study” 1,892 patients were enrolled prospectively and randomised to undergo 

Primary PCI or thrombolysis prior to tranpsort to a PCI centre (Armstrong et al., 

2013). Importantly this study had an enrollment criteria of patients who presented 

within three hours of first symptom time and, who were not within one hour of a 

primary PCI cabable centre. The end point for this trial was a composite of death, 
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shock, congestive heart failure, or reinfarction at 30 days. The primary end point 

occurred in 116 of 939 patients (12.4%) in the fibrinolysis group and in 135 of 943 

patients (14.3%) in the primary PCI group (relative risk in the fibrinolysis group, 0.86; 

95% confidence interval, 0.68 to 1.09; p=0.21) (Armstrong et al., 2013). Important 

limitations of this trial, which come into consideration in large geographical areas, is 

that this trial did not take a “all comers approach”, late onset symptom patients were 

not included in the analysis. Therefore, defintive conclusions around  treatment for 

delayed myocardial infarction presentations cannot be made from this study. In 

Australia, with a large geography those patients who live a large distance from a PCI 

capable hospital receive thrombolysis (Khan et al., 2016). However, standard 

practice has now further evolved to include a pharamco invasive strategy where 

thrombolysis is given and cardiac catheterisation performed within 24 hours, with 

reliance on pre-hospital interpretation of the ECG (Khan et al., 2016). This strategy is 

an effective strategy and has shown efficacy in immediate and long term patient 

outcomes (Sinnaeve et al., 2014) (Gershlick et al., 2005, Fernandez-Aviles et al., 

2004, Danchin et al., 2014, Armstrong et al., 2013). 

 

1.5.3 Systems of care in the diagnosis of ACS 

 

The importance of system-based care in the recognition and management of ACS 

and STEMI, is well understood, this becomes of the upmost importance in regional 

centres where there is more generalised care (Steg et al., 2012). Internationally, 

clear guidelines exist to support and direct care for patients with ACS including 
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STEMI (Amsterdam et al., 2014, Ibanez et al., 2018, Chew et al., 2016b). The 

diagnosis of STEMI, according to the above guidelines includes; 

 Clinical history of chest pain of more than 20 minutes 

 ECG with persistent (20 minutes) of ST segment elevation in more than 2 

contiguous leads (1.5mm in inferior leads) or the development of new onset 

left bundle branch pattern. 

 Important additional factors include a history of CHD, and radiation of pain to 

the neck, lower jaw and arm, noting that women may frequently present with 

nausea/vomiting and fatigue (Ibanez et al., 2018). 

 

Due to the challenges faced with regional cardiac care, electronic algorithms are now 

embedded in ECG machines within paramedic vehicles and hospital emergency 

departments (Tideman et al., 2014). These algorithms, supported by clinician 

oversight, have shown an accurate ability to instigate clinical care, via the first, 

crucial step of interpretation of STEMI among patients (Savage et al., 2014). The use 

of this software is now included in most ACS guidelines to guide systems of care, in 

addition to establishing clinical networks to govern care, and increasing the 

availability of specialised resources at point of care, particularly in non-metropolitan 

centres (Tideman et al., 2014). The use of these algorithms must be supported by a 

clinician interface, particularly in the setting of arrhythmia, bundle branch block, and 

ECG interference (Faour et al., 2017). Clinician interface between the paramedic and 

the physician has been demonstrated to be the most effective system of care which 
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will ultimately reduce false positive ECGs which can negatively impact the institution 

from a financial perspective (Khan et al., 2016). 

 

1.5.4 Identification of High Risk patients 

 

In a review paper predicting death after presentation of MI, the authors reviewed risk 

factors that place an individual at higher risk of mortality after presentation with 

STEMI (Castro-Dominguez et al., 2018). 

 

Patient factors- include advancing age, female gender, diabetics, renal failure, heart 

failure on arrival and cardiogenic shock. Those with arrhythmia including ventricular 

tachycardia, ventricular fibrillation, and atrial fibrillation had a higher 30 day mortality 

than those with sinus rhythm (13% vs 2.2%, AOR 6.73, 95% CI 2.68-16.9) (Castro-

Dominguez et al., 2018). 

 

System factors- Various clinical system factors have been shown to have an effect 

on clinical outcomes. These include the number of cardiac patients a clinician sees, 

availability of cardiac facilities, rural hospitals and socioeconomic profile; all influence 

the outcome of a patient presenting with myocardial infarction (Castro-Dominguez et 

al., 2018). The importance of guideline-based care in myocardial infarction is now 

established. In a registry study of 147,429 patients five evidenced based AMI 

admission therapies which form the basis of all treatment guidelines embedded 
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within hospitals (aspirin, beta-blockers, acute reperfusion therapy, door-to-balloon 

[D2B] time ≤90 min, and time to fibrinolysis ≤30 min) were examined for their effect 

on mortality (Bucholz et al., 2016). Patients who received aspirin, beta-blockers, and 

acute reperfusion therapy on admission (either primary PCI or thrombolysis) had a 

higher life expectancy of 0.78 years (standard error [SE]: 0.05), 0.55 years (SE: 

0.06), and 1.03 years (SE: 0.12), respectively, compared to those who did not. 

Timely reperfusion therapy for both primary PCI and thrombolysis were examined. 

Patients who received a primary PCI in less than 90 minutes lived 1.08 (SE: 0.49) 

years longer than patients with door to balloon (D2B; from arrival to hospital to 

inflation of catheter balloon) times greater than 90 minutes. Door-to-needle (D2N; 

from arrival to hospital to thrombolysis administration dose) times less than or equal 

to 30 minutes were associated with 0.55 (SE: 0.12) increased years of life 

expectancy compared to those with a D2N time of greater than 30 minutes (Bucholz 

et al., 2016). 

 

Despite guidelines on the diagnosis and management of ACS and STEMI, the 

missed diagnosis of this disease process has been documented within Australia and 

around the world. The occurrence of STEMI patients not receiving standardised 

therapy is widely described in the literature and has been examined over a long 

period of time, with as much as 30% non-treatment (Farshid et al., 2016, Welsh et 

al., 2016). The reasons for this remain varied and multi factorial, however common 

themes included a higher preponderance of rural hospitals, diverse presentation 

symptomatology, clinical experience and organisational factors (Chew et al., 2013, 

Masoudi et al., 2006, Welsh et al., 2016, Tricomi et al., 2008, Farshid et al., 2016). 
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The impact of delay in treatment, particularly in STEMI and failure to provide 

evidenced based reperfusion therapy has been shown to double mortality, and may 

impact on morbidity outcomes (Farshid et al., 2016). Given the burden of CHD, in 

particular ACS, understanding this broad issue is timely and important. 

 

1.6 Treatment of CHD 

 

Controversy exists within the literature concerning the best treatment options 

available to a patient with a confirmed diagnosis of CHD. Medical therapy alone in 

addition to coronary artery bypass grafting (CABG) will be briefly discussed with a 

broader discussion on PCI due to the relevance to vascular access. 

 

1.6.1 Medical therapy 

 

Medical therapy or medical management includes the utilisation of antiplatelet 

agents, antianginal therapy, antihypertensive medication and dyslipidaemia 

management. This is in combination with cigarette smoking cessation, dietary 

improvements, diabetes control and exercise if applicable (Blumenthal et al., 2000). 

The acute management of CHD relies on the commencement, maintenance or 

dosage adjustments of those medications shown to be effective reducing in-hospital 

and out of hospital adverse cardiac events by 20 to 40% (Ganz and Hsue, 2009). 

These drug groups are 3-hydroxyl-3-methylglutaryl-coenzyme A reductase inhibitors 
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(statins), beta-blockers, angiotensin converting enzyme inhibitors, and antiplatelet 

agents.  

 

The Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation 

(COURAGE) trial was reviewed by Brown and Bittner (2007). The COURAGE trial 

was the first to examine if revascularisation of the coronary arteries performed in 

combination with medical therapy would reduce endpoints of death or myocardial 

infarction in patients with stable CHD. This large multicentre randomised controlled 

trial with 2,287 patients showed that after a mean follow up period of 4.6 years 

revascularisation performed in combination with intensive medical therapy had no 

impact in the reduction of mortality or myocardial infarction compared with standard 

medical therapy alone. While the COURAGE trial produced important data, the trial 

remains controversial due to stable CHD patients being included in the trial, in 

addition to unstable patients. However, this trial strongly suggests that patients who 

have stable CHD can be managed effectively in the initial stages of treatment with 

appropriate medical therapy. 

 

Seven major studies were examined in this review to determine the overall benefit of 

PCI versus medical management (Brown and Bittner 2007). This literature review 

showed that medical therapy and PCI should be considered complimentary 

treatment options rather than being mutually exclusive treatment options. Currently 

not all patients receive optimal medical management to alter the atherosclerotic 

process however patients who have PCI would benefit from aggressive management 
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of their cardiovascular risk factors (Brown and Bittner 2007). In a large multicentre 

RCT of the treatment outcomes comparing optimal medical management to PCI, 

1,149 patients were allocated to PCI with medical management and 1138 patients 

were allocated to medical management alone. The patient’s long term outcomes 

were followed. Importantly, there were no noted differences between the PCI group 

and the medical-therapy group in the composite of death, myocardial infarction, and 

stroke (20.0% vs. 19.5%; hazard ratio, 1.05; 95% CI, 0.87 to 1.27; p=0.62). In this 

important study the results demonstrated optimal medical management was safe 

and effective treatment strategy in the treatment of stable CHD (Boden et al., 2007). 

This data was further supported in a meta-analysis of 7182 patients which 

demonstrated no significant improvement in mortality outcomes (risk ratio, 0.85; 95% 

CI, 0.71–1.01) and non-fatal myocardial infarction (risk ratio, 0.93; 95% CI, 0.70–

1.24) at five year follow up. This review demonstrated, however, that angina 

symptoms showed a significant improvement in the PCI group compared to the 

optimal medical management group (RR, 1.20; 95% CI, 1.06–1.37) (Pursnani et al., 

2012).  

 

1.6.2 Coronary Artery Bypass Surgery 

 

Coronary artery bypass surgery (CABG) as a means of revascularisation remains an 

available and frequently used treatment option. In Australia, CABG is the second 

most used method of revascularisation for CHD (Yan et al., 2011). In a review of 

historical revascularisation strategies for patients with stable multi-vessel coronary 

artery disease as well as patients with unprotected left main disease (Hahalis et al., 
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2010). The results suggest that older patients, those with diabetes, those with 

extensive multi-vessel CHD, and those with significant ischemia and with poor left 

ventricular function may benefit most from CABG for revascularisation (Hahalis et al., 

2010).  

 

The SYNTAX trial is one of the landmark trial which compares CABG to PCI in those 

patients with three vessel disease, in addition to left main coronary stenosis. This 

multicentre trial, importantly reported on 5 year outcomes for 1800 patients randomly 

allocated to PCI or CABG (Mohr et al., 2013). The study’s endpoints were major 

adverse cardiac and cerebrovascular events (MACCE) (defined as a composite of 

cardiovascular and cerebrovascular outcomes). Kaplan-Meier estimates of MACCE 

were 26.9% in the CABG group and 37.3% in the PCI group (p<0.0001). In patients 

that were deemed high risk defined by a syntax score (a scoring system that defines 

lesion complexity and predicts clinical health outcomes), MACCE was statistically 

significantly increased in the PCI group (26·8%vs 44·0%; p<0·0001). This trial 

provided robust evidence for first generation drug eluting stents which have 

undergone significant change since this trial (Mohr et al., 2013). 

 

Contemporary data for patients with diabetes and significant CHD and the preferred 

method of revascularisation was reported in the FREEDOM follow on study (Farkouh 

et al., 2018). Participants were 1900 patients from 140 hospitals, 953 randomised to 

PCI vs 947 to CABG, with a follow up period of 8 years. In patients with diabetes and 

severe CHD, CABG was more favourable compared to PCI (18.7% vs 23.7%, HR 
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1.32, 95% CI 0.97-1.78, p=0.07) in the reduction of all-cause mortality. This data 

supports the continuation of the current recommendations for patients with diabetes 

and significant CHD to be offered CABG as the preferred method of 

revascularisation (Farkouh et al., 2018). 

 

An examination of stroke rates, in CABG vs PCI was undertaken and followed up 

over a 10 year period (Moreyra et al., 2017). This study compared patients who had 

drug eluting stents (n=115,942), bare metal stents (n=46,641), on pump CABG 

(n=47,254) and off pump CABG (n=19,118). Cox proportional hazard models were 

used to compare the risk of stroke. Post PCI stroke was lowest in the drug eluting 

stents participants (0.5%), followed by bare metal stents (0.6%), off-pump CABG 

(1.3%), and on-pump CABG (1.8%). On examination of the CABG patient alone, on-

pump CABG had the greatest risk of stroke compared with off-pump (OR 1.36, 95% 

CI 1.18 to 1.56, p<0.0001). Drug eluting stents had reduced risk of stroke compared 

with off-pump CABG (OR 0.64, 95% CI 0.55 to 0.74, p<0.0001) (Moreyra et al., 

2017). 

 

1.6.3 Percutaneous Coronary Intervention 

 

One of the most widely used treatment modalities for CHD is percutaneous coronary 

intervention (PCI) which is currently the primary choice for invasive management of 

CHD internationally (Banning et al., 2015). PCI involves advancing a balloon tipped 

catheter to an area of coronary narrowing, inflating the balloon, and then removing 

the catheter following deflation (Torpy et al., 2004). The first PCI was performed by 
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Andreas Grüntzig, in 1977, he subsequently reported findings of the first patients to 

undergo this procedure (Grüntzig, 1978). The advent of PCI revolutionised the 

treatment of CHD, with a significantly less invasive approach to the management of 

CHD compared to CABG (Bates, 2016). The equipment, knowledge and medication 

management associated with PCI have undergone significant refinement and 

enhancement, which has resulted in improved patient outcomes (Yan et al., 2011). A 

“successful PCI produces a significant enlargement of the lumen at the target site” 

(Anderson et al., 2007). The performance of PCI is a very safe and effective 

procedure, with the small adverse event rate declining over the past 20 years 

(Hilliard et al., 2010). In a retrospective analysis over a 25 year period results of PCI 

were examined. The procedural success rates have improved each five year period 

(81%, 92%, 96%, and 97%, respectively, p< 0.001), and the overall in-hospital 

mortality has declined (1.0%, 0.8%, 0.1%, and 0.1%, p< 0.001) respectively during 

the study period. In a large cohort study of 18,885 patients, gender differences and 

procedural outcomes were reviewed (Hilliard et al., 2010). In this study design 

patients who had their PCI performed between 1979 and 1995, were compared to 

patients who had their procedure performed between 1996 and 2004, In the most 

contemporary group, 30-day mortality was reduced compared with that in the early 

group in women (2.9% vs. 4.4%, p=0.002) and men (2.2% vs. 2.8%, p=0.04). 

Reassuringly, long-term survival was similar between the early and recent groups 

among both men and women. There was no difference between men and women 

from 1994 onward for either 30-day or long-term outcomes.  
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The use of drug eluting stents, characterised by the local delivery of anti-proliferative 

agents to reduce intimal hyperplasia following stent implantation, is the preferred 

stent type rather than bare metal stents (Lakovou et al., 2005). Despite the initial 

experience of reported adverse events, the long term safety and efficacy of drug 

eluting stents has been confirmed in multiple large trials (Caixeta et al., 2009, Galloe 

et al., 2017, Iqbal et al., 2016, Philip et al., 2016). Invasive management is now 

supported and in many respects guided by the addition of invasive haemodynamic 

monitoring. This allows health professionals to be more reliably informed based on 

quantified data in regard to the decision to perform a PCI. These methods include 

fractional flow reserve, intra vascular ultrasound, and optical coherence tomography 

which are now standard practice in most cardiac catheterisation laboratories, 

supported by evidence based guidelines (Neumann et al., 2018). 
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1.7 Complications associated with Cardiac catheterisation and 

Percutaneous Coronary Intervention. 

 

The need for institutions that perform interventional cardiology to monitor actual and 

potential adverse events has been articulated in guidelines by leading governing 

bodies (Naidu et al., 2016). The need for major complications to be examined, in 

particular post procedure stroke, radial artery occlusion, vascular access 

complications, issues related to radiation dosage, renal impairment and mortality are 

clearly defined for all cardiology centres in these guidelines (Naidu et al., 2016). 

 

Importantly, potential causes and the reported incidence of post procedural 

complications are discussed at length in all guidelines. The basis of these guidelines 

is the analysis of data from large RCTs, meta-analyses, and leading observational 

studies in these areas. One of the cornerstones of all the major guidelines is the 

imperative for each institution to analyse the complication rate. The requirement for 

nurses employed in these settings to be actively involved in the performance of 

research around patient safety issues is well described and is now considered a 

requirement for cardiovascular nurses (White et al., 2018). 

 

Percutaneous coronary intervention procedures, including cardiac catheterisation, 

are invasive and rely on arterial access. The complications of this procedure have 

historically been grouped into five broad categories; death, myocardial infarction, 

stroke, renal impairment related to contrast agents and vascular access site 
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complications (Anderson et al., 2007). These complications carry significant 

morbidity and mortality as outlined below. 

 

1.7.1 Death 

 

The reported risk of death post diagnostic cardiac catheterisation is less than 0.2%, 

with the risk following PCI reportedly less than one percent. These levels have 

remained historically largely unchanged. Historically produced data from a 9-year 

period that showed mortality of 0.16% for cardiac catheterisation and PCI; in the last 

3 years of the study the mortality rate was 0.07% (Jansson and Fransson, 1996). 

Currently a diagnostic cardiac catheterisation carries a 0.6% chance of inpatient 

mortality, while a PCI in the setting of acute STEMI carries a 5.38% of death (Naidu 

et al., 2016). For PCI without STEMI there is a 0.65% likelihood of death (Naidu et 

al., 2016). Importantly any discussion of mortality does require some risk adjustment, 

particularly in the setting of acute patients, and for those with extensive co-

morbidities and disease complexity (Naidu et al., 2016). Higher risk PCI may be 

defined by patient risk factors, such as diabetes, respiratory impairment, chronic 

kidney disease, and advanced age. Disease complexity includes multi vessel 

disease, left main disease, bifurcation lesions, and haemodynamic instability, 

including ventricular dysfunction, valvular disease or instability (De Marzo et al., 

2018). 
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1.7.2 Acute myocardial infarction 

 

Counter intuitively the diagnosis of post procedure myocardial infarction is not 

straight forward. There has been various definitions placed as part of guidelines and 

consensus statements, however these have been enhanced, revised and reworded 

(Thygesen et al., 2007, Thygesen et al., 2018, Paiva et al., 2015, Thygesen et al., 

2012). Previous guidelines have recommended a rise in cardiac biomarkers only to 

define post procedure myocardial infarction. New advice embraces the inclusion of 

clinical factors in addition to an increase in biomarkers, noted angiographic 

complications, ECG changes, and symptoms of ischaemia (Thygesen et al., 2018).  

 

1.7.3 Stroke 

 

One of the most serious complications of cardiac catheterisation, in terms of the 

debilitating effect and adverse effects on patient well-being and outcomes is post 

procedure stroke. (Lin et al., 2010, Fuchs et al., 2002). Any review of the incidence 

of post procedural stroke must come with an important caveat that these events are 

rare, so establishing causation is problematic. 

 

Severe strokes have been reported by patients as having a similar viewed 

consequence as death (Solomon et al., 1994, Pandit et al., 2014). The risk of 

developing a stroke post cardiac catheterisation is 0.2%, and for post PCI is 0.44% 

(Hamon et al., 2008). These strokes were either embolic or cerebral haemorrhage 
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events complicating adjunctive antithrombotic therapies. The reported rate of post 

procedure stroke was 0.21% for data over a 9-year period in a real world 

examination (Wijesinghe et al., 2008). 

 

Patient characteristics and predictors of post procedure stroke have been reported, 

and have remained largely unchanged. Those characteristics included being over 80 

years of age compared with patients under 50 (OR 5.1, 95% CI 3.6-7.0 p=0.001), a 

background of chronic renal impairment (OR 3.4, 95% CI 2.7- 4.2 p<0.001), non-

insulin dependent diabetes mellitus (OR 1.9, 95% CI 1.5-2.3 p<0.001) and female 

gender (OR 1.3, 95% CI 1.1-1.5 p=0.003) (Fuchs et al., 2002). The documented 

predictors of stroke may be grouped by procedural related factors and patient 

characteristics. Procedural factors include multiple catheter changes (median 3, p< 

0.001), greater contrast volume use (250ml vs 218ml, p=0.006), and usage of large 

calibre guiding catheters (median 7 French (Q1, Q3: 6 8) versus 6 French (Q1, Q3: 

6, 8), p< 0.001), while no difference was detected between radial and femoral access 

(0.4% vs 0.4%, p=0.78) (Hoffman et al., 2012).  

 

In a further study examining the predictors of stroke after cardiac catheterisation 

patients who developed a stroke after cardiac catheterisation or PCI were more likely 

to have received Glycoprotein IIb/IIIa antagonists compared to those who did not 

sustain a stroke (54% vs 45% p<0.001). The use of an intra-aortic balloon pump 

more than doubled the likelihood of stroke (OR 2.59, 95% CI- 2.10-3.19 p<0.001) 

(Aggarwal et al., 2009). 



Trent Williams: Student no.: 9806725 

70 

 

 

The “Thrombus Aspiration during Primary Percutaneous Coronary Intervention” 

(TAPAS) trial was the first trial to show survival benefit of thrombectomy catheters in 

primary PCI (Svilaas et al., 2008). This resulted in thrombectomy devices becoming 

standard practice for primary PCI (Svilaas et al., 2008). Of note, this single centre 

experience was not replicated in previous, nor subsequent trials of these aspiration 

devices. However, in a multi-centre RCT of primary PCI, with or without routine 

upfront manual thrombectomy, for 10,732 patients presenting with STEMI there was 

a higher 30-day stroke event in the thrombectomy group compared to the PCI alone 

group (0.7% vs 0.3%, hazard ratio 2.06; 95% CI, 1.13 to 3.75; p=0.02). This showed 

that thrombectomy conferred a stroke risk without any further clinical benefit; 

reasons for this were not reported (Jolly et al., 2015a). 

 

The reported rate of post procedure stroke is low, which makes analysing this clinical 

scenario difficult (Fuchs et al., 2002). The complex health history of patients 

undergoing cardiac catheterisation and PCI, the equipment used, and the potentially 

complex anticoagulation regime, highlight the higher risk of stroke compared to the 

general population. Absolute predictors of stroke remain challenging to conclude 

definitively; increased age is an independent risk for CHD and a major contributor to 

mortality within this group (Avezum et al., 2005). This is reflected in the elderly 

comprising an increased admission rate of hospitalisations for CHD. In a large 

registry study (n=24,165) of patients with CHD which aimed to document the 

prevalence of co-morbidity in elderly patients statistical analysis showed that older 

patients (age > 75 years) had a higher prevalence of previous myocardial infarction, 



Trent Williams: Student no.: 9806725 

71 

 

diabetes mellitus, cardiac failure, previous coronary artery bypass surgery, history of 

chronic angina, hypertension, and atrial fibrillation (Avezum et al., 2005). 

 

The benefits of trans-radial access for PCI have demonstrated improvement in 

clinical outcomes, particularly in bleeding complications, mortality and vascular 

complications (Cantor et al., 2015). While observational studies reported an increase 

in stroke after trans-radial access (Jurga et al., 2011), this was not supported in 

larger trials (Sirker et al., 2016b). Given the emergence of trans-radial access as the 

default method of arterial access for many institutions (Roffi et al., 2015, Santos et 

al., 2012) and the impact of stroke post procedure, further examination of the effect 

of arterial access should be a priority for institutions contemplating a change in 

arterial access method. 
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1.7.4 Renal impairment related to contrast agents 

 

There remains no single clear definition of renal impairment post cardiac 

catheterisation, which is reflected in various reported rates of contrast-induced 

nephropathy (CIN). One accepted definition is a rise in serum creatinine by greater 

than 25% within 48 hours of the contrast agent being administered (Balghith et al., 

2011). Reported incidence of renal impairment varies ranging from one to 15% for 

both coronary angiography and PCI. Major risk factors for the development of CIN, in 

cardiac patients are known chronic kidney disease, older age, ejection fraction of 

less than 40%, diabetes, perhipheral vascular disease, cardiogenic shock and 

sepsis. (Deek et al., 2014). Class I indications are to assess all patients for potential 

risk prior to procedures, in addition to minimising contrast administration with the well 

described impacts of the adverse effcts on renal function (Deek et al., 2014) In a 

large study (n=58,957 patients) the risk of CIN requiring diaysis was directly 

associated with increasing contrast volume. Results reached statisical significance 

when increasing amounts of contrast were given (dose exceeded the ratio of 3): 

adjusted OR for CIN: 1.46, 95% CI: 1.27 to 1.66 and adjusted OR for renal 

impairment requiring diaysis: 1.89, 95% CI: 1.21 to 2.94. Continued vigilence in 

examination of pre and post procedural renal function remains an important aspect 

of nursing care for the cardiology patient (Deek et al., 2014). 
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1.7.5 The impact of bleeding in vascular access site complications. 

 

Post procedural anticoagulation strategies remain complex, and despite guidelines, 

the anticoagulation of choice remains unclear and ongoing vigilance in balancing 

bleeding risk and preventing a thrombosis event is required (Lancet, 2017). Globally, 

radial access for cardiac catheterisation and PCI accounts for approximately 6 to 

12% of cases (Kern, 2011). The European Society of Cardiology‘s “Guidelines for 

the management of acute coronary syndromes in patients presenting without 

persistent ST-segment elevation” (Roffi et al., 2016) has made trans-radial access 

the default access route for cardiac catheterisation and PCI. 

 

In a meta-analysis of RCTs major bleeding episodes following PCI was shown to be 

an independent risk factor for death and post procedure ischaemic events (Jolly et 

al., 2009). The increase in ischaemic events may be due to the activation of 

coagulation cascade, cessation of anti-platelet and antithrombotic therapies or 

adverse effects of the resulting blood transfusions (Jolly et al., 2009). This meta-

analysis showed that radial access reduces the odds of major bleeding by 73% 

compared with femoral access (OR 0.27 (95% CI 0.16, 0.45 p<0.001). There was a 

trend towards a reduction in the composite endpoints of death, myocardial infarction 

and stroke, however due to the low number of events with radial access, the analysis 

lacked power to make more definitive statements (Jolly et al., 2009). 
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One of the major trials within interventional cardiology was the RIVAL trial, which 

resulted from the previous meta-analysis (Jolly et al., 2011b). This study of 7,021 

patients presenting with ACS including STEMI randomly assigned to radial access or 

femoral access evaluated the safety and efficacy of radial versus femoral access 

with the primary outcome of a composite of death, myocardial infarction, stroke, or 

non-coronary artery bypass graft at 30 days. Results showed that 3.7% of patients 

from the radial access group versus 4.0% in the femoral group experienced the 

primary outcome; hazard ratio (HR) 0.92%, CI 0.72- 1.17, p=0.50, a non-significant 

result. However the reported incidence of vascular complications (secondary 

endpoint) at 30 days post procedure was significantly different between the radial 

and femoral group, with 42 out of 3,507 radial access patients (1.2%) sustaining a 

large haematoma compared with 106 out of 3514 femoral access patients (3.0%) 

(HR 0.40, 95%CI 0.28 – 0.57 p<0.0001). Seven out of 3507 radial access patients 

(0.20%) experienced a pseudoaneurysm requiring closure compared with 23 out of 

3514 femoral access patients (0.65%); p=0.006. For high risk patients such as those 

with STEMI or non STEMI there was a significant reduction in death in the radial 

group compared with the femoral group (p=0.001). The authors noted the reduction 

in radial site vascular events in centres that used radial arterial access as standard 

of care, 0.7% (HR 0.18 CI 0.08-0.37 p<0.001) compared with the femoral access 

group. While both radial and femoral access sites are relatively safe, there are 

positive outcomes and clinical benefits of using radial access for coronary 

interventions. The contribution this study made to the literature is significant and 

importantly drove practice change and further research.  
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The benefits of trans-radial access when compared with femoral access, including 

improved outcomes in terms of mortality, myocardial infarction, bleeding 

complications and vascular injury were supported in further trials (Cantor et al., 2015, 

Brener et al., 2017). Benefits of trans-radial access for all patient groups, not just 

ACS patient presentations, was the focus of a meta-analysis of 24 studies with 

22843 participants. A subgroup analysis based on clinical presentation of STEMI, 

non-STEMI, or stable CHD confirmed the benefits of radial access for all patients, 

without any described penalty, and enforced the use of the radial approach to 

enhance patient safety outcomes. Cardiac catheterisation performed via trans-radial 

access when compared to femoral access was associated with reduced risk for all-

cause mortality (OR 0.71; 95% CI 0.59 to 0.87; p=0.001), major cardiovascular 

events (OR 0.84; 95% CI 0.75 to 0.94; p=0.002); major bleeding (OR 0.53; 95% CI 

0.42 to 0.65; p< 0.001), and significant vascular complications (OR 0.23; 95% CI: 

0.16 to 0.35; p< 0.001).  

With the adoption of trans-radial access there has been a need to determine the 

impact of adoption of trans-radial access on vascular complications, which as 

previously described has a significant impact on morbidity and mortality outcomes 

(Azzalini et al., 2015). The study aimed to determine if the positive benefits conferred 

by radial access at an individual level, are offset by a greater incidence of vascular 

access site complications at a population level when the traditional femoral access 

was employed (Azzalini et al., 2015). In this large cohort of 17,059, the vascular 

complication rate was higher in the contemporary trans-radial cohort compared with 

the historical cohort (adjusted rates: 2.91% vs. 1.98%; OR 1.48, 95% CI 1.17 to 1.89; 

p= 0.001). There was a higher rate of complication in the femoral access patients in 
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the contemporary cohort compared with the historical cohort (adjusted rates 4.19% 

vs. 1.98%; OR 2.16, 95% CI: 1.67 to 2.81; p< 0.001). Both rates were consistent for 

diagnostic cardiac catheterisation and PCI (Azzalini et al., 2015) 

 

1.7.6 Femoral access complications 

 

The two major femoral artery access complications are psuedoaneurysm and 

retroperitoneal haemorrhage. A pseudoaneurysm is defined as the occurrence of an 

decilitre dilatation of the artery at the site of catheter entry demonstrated by 

arteriography or ultrasound (King III et al., 2008). The more serious vascular 

complication, retroperitoneal haemorrhage, occurs when there is a blood loss into 

the retroperitoneal space; features of a retroperitoneal bleed are abdominal pain, 

groin pain, back pain, diaphoresis, bradycardia, and hypotension (Cox, 2008).  

 

In the era of trans-radial access an important area of research was conducted with a 

focus on whether the uptake of radial access, results in higher rates of femoral 

complications due to patient selection and reduced experience of the operator in 

femoral access. A total of 17,059 participants were examined for femoral 

complications (Azzalini et al., 2015). Patients were retrospectively examined based 

on the era the performance of their cardiac catheterisation of PCI was performed in. 

They were assigned the labels of contemporary cohort (predominately trans-radial 

access era) and historical cohort (predominantly femoral access era). The 

contemporary cohort trans-radial participants experienced fewer femoral 
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complications than the historical cohort (adjusted rates: 1.44% vs. 4.19%; OR: 0.33, 

95% CI: 0.23 to 0.48; p< 0.001). There were a higher rate of femoral complications in 

the contemporary femoral access patients compared with the historical cohort 

(adjusted rates: 4.19% vs. 1.98%; OR: 2.16, 95% CI: 1.67 to 2.81; p< 0.001). This 

data concluded that in the trans-radial access era, there was a higher rate of femoral 

artery complications. Despite the benefits of radial access, in cases that require 

femoral access, continued vigilance is required due to the reduced exposure of the 

health care team to managing the femoral artery (Azzalini et al., 2015). 

 

Risk factors for femoral access complications 

 

There is a significant body of literature detailing risk factors for the development of 

femoral access complications following cardiac catheterisation. The literature 

includes reviews of factors relevant to both coronary angiogram and PCI.  

 

Gender – One accepted risk factor is female gender, particularly in relation to 

retroperitoneal haemorrhage (Bogabathina et al., 2018, Piper et al., 2003, Tiroch et 

al., 2008). Female gender has been historically reported in the development of 

retroperitoneal haematoma with female gender an independent risk factor for 

developing femoral access complications following cardiac catheterisation when 

compared to control groups who did not sustain a complication (OR 7.75, 95% CI 

2.65-22.73 p<0.0001) (Farouque et al., 2005). The authors hypothesise that 

differences in arterial structure, vascular effects of oestrogen post menopause, the 
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presence of smaller diameter and smaller length femoral arteries when compared to 

males may contribute. 

 

Renal insufficiency- has been independently shown to have an adverse impact on all 

facets of angiography in addition to its impact on vascular complications. In a study 

comparing patients with severely impaired renal function to patients with normal or 

mildly impaired renal function, patients with impaired renal function had a poorer 

angiographic outcome: success rate (89.6% vs. 95.5% p<0.0001), higher mortality 

(4.2 % vs 0.2% p<0.0001), increased adverse events (18.2% vs 4.6% p<0.0001) and  

increased length of stay (2.8 days vs 1.7 days p<0.0001) (Osten et al., 2008). 

 

In a prospective cohort study (n=3,062), predictors of retroperitoneal bleed were 

examined in patients who had a history of renal insufficiency. Complications were 

observed more frequently in the retroperitoneal bleed group compared to overall the 

patient cohort. When comparing patients who sustained a retroperitoneal bleed, 29% 

(n=5, out of 17) also suffered from renal insufficiency, in contrast only 6% of patients 

had renal insufficiency that did not suffer a retroperitoneal bleed (n=196 out of 

3,465). The overall mortality rate of patients with chronic renal insufficiency in this 

group was 3% compared with 1.4% for those without renal insufficiency (p=0.17) 

(Tiroch et al., 2008). While not clearly defined the potential mechanisms that place 

patients with renal insufficiency at an increased risk of vascular complications 

include more complex anatomy resulting in longer procedural times and greater 
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contrast usage, higher co-morbid conditions, and higher acuity presentations - which 

may translate to higher procedural acuity and complexity (Osten et al., 2008). 

 

Body Mass Index and Body Surface Area- Various studies have suggested the 

importance of body surface area (BSA) in the development of femoral access 

complications, noting some uncertainty in the literature. This has been both 

historically and contemporarily documented. A BSA <1.73m (OR 7.1 p<0.002 

univariate analysis) was an independent risk factor in the development of a 

retroperitoneal haematoma in their dataset (Farouque et al., 2005). 

 

The challenges of high BMI remain in contemporary practice. BMI was examined as 

a risk factor in a study of 3500 participants who underwent cardiac catheterisation 

over a two year period. When compared to the control group of normal BMI, in a 

multivariate logistic regression analysis, the odds of developing a femoral 

complication were higher in the high BMI group compared to the control group of a 

normal BMI (OR 1.74- 95% CI 1.08-3.15 p=0.04) (Kassem et al., 2013). After 

reviewing the data further detail regarding each individual hospital’s experience 

would be useful particularly as there appears to be varying degrees of evidence 

regarding the importance of BSA/BMI in the risk of developing vascular 

complications post cardiac intervention. 

 

Patient acuity- The issue of the patient’s medical history and current medical 

condition is an important factor in the development of femoral access complications. 
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Emergency PCI was strongly associated with the development of vascular 

complications post PCI compared with elective and urgent procedures (OR 2.26 95% 

CI 1.50-3.41) (Piper et al., 2003). Patient acuity was further addressed in a study of 

112340 consecutive patients who underwent cardiac catheterisation or PCI. The 

overall complication rate was low in this large sample, 0.4% (n=482). However this 

analysis showed that emergent PCI (50% versus 29.7%, p<0.0001), cardiogenic 

shock (7.5% versus 2.0%, p<0.0001), MI within 7 days prior to cardiac 

catheterisation (32.6% versus 16.9% p<0.0001), MI within 24 hrs (32.6% versus 

16.9% p<0.0001) and the use of thrombolysis treatment for acute MI (3.9% versus 

2.2% p=0.01) were all independently associated with the development of 

retroperitoneal bleed when compared to those who did not suffer a vascular 

complication (Trimarchi et al., 2010). With the evidence for acute STEMI 

management to be treated with Primary PCI, early treatment strategies and 

interventions aimed at improving patient acuity will have advantages for the 

reduction in vascular complications. 

 

Anticoagulation- One of the more complex issues that faces cardiology is 

anticoagulation, particularly in the area of interventional cardiology. Effective 

anticoagulation strategies have been consistently shown to reduce immediate, short 

term and long term outcomes (Zeymer et al., 2016). The most effective 

antithrombotic regime is not known (Valgimigli et al., 2015). A brief overview of 

anticoagulation in terms of the historical and contemporary issues, both in terms of 

all bleeding outcomes and vascular complications is provided below. Of note, low 
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molecular weight heparin is the only anticoagulant evaluated in a randomized control 

trial with guidelines relying on consensus statements (Zeymer et al., 2016). 

 

Anticoagulation regimes prior to and during cardiac catheterisation and PCI are an 

increasingly complex issue, however critical to the discussion of vascular 

complications in cardiac catheterisation and PCI. Unfractionated heparin has been 

the predominant anticoagulant for the last fifty years (Kokolis et al., 2004). The 

relationship between heparin anticoagulation and clinical outcomes after coronary 

stent interventions have been investigated. In a RCT designed study to determine 

the appropriate dosage of Heparin as measured by Activated Clotting Times (ACT) 

compared to Heparin and Bivalirudin (Tolleson et al., 2003), 48 hour, and 30 day end 

points comprising death, myocardial infarction and urgent revascularisation were 

assessed to document the relationship between ACT and bleeding, and ACT and 

ischaemic events. All patients underwent femoral vascular access using a 6 French 

system, with all patients receiving stents, and were maintained on dual anti platelet 

therapy and weight adjusted Heparin dose. Interestingly in this study the actual 

incidence of ischaemic events did not increase as ACT decreased. In contrast, the 

EPILOG investigators (Lincoff et al., 2000) report that lower, more appropriate and 

targeted heparin doses, substantially reduced vascular complications maintaining 

that when angioplasty was in its infancy there was a tendency to over anti coagulate 

which led to a range of largely preventable bleeding complications. Weight adjusted 

Heparin remains frequently used in interventional procedures however additional 

options are now available. 
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The types of anticoagulation now commonly used in cardiac catheterisation and PCI 

are more complex, and include glycoprotein IIb/IIIa inhibitors, and bivalirudin in 

addition to the use of low molecular weight heparin. Heparin’s action is indirect 

inhibition of thrombin (factor IIa) and factor Xa mediated through binding activation of 

antithrombin III (Camm et al., 2006). Platelet IIB/IIIa receptor blockers (Abciximab, 

Tirofiban and Eptifibitide) work by inhibiting the bridging of activated platelets by 

blocking the interaction between IIb/IIIa receptors with fibrinogen (Camm et al., 

2006). Bivalirudin is a synthetic polypeptide that directly inhibits thrombin by binding 

simultaneously to its active catalytic site and its substrate recognition site. The peak 

concentration is two minutes after administration with a prompt offset of action after 

discontinuation (Gladwell, 2002). 

 

Bivalirudin has been shown to decrease bleeding complication after PCI in stable, 

unstable and acute patients with a related mortality benefit when compared to 

Heparin and GP IIb/IIIa inhibitors (Ndrepepa et al., 2012). In a pooled analysis of 

randomised controlled trials of 3,798 patients, 1,928 patients were allocated 

treatment bivalirudin and 1,870 patients were allocated heparin and GP IIb/IIIa 

inhibitors. The major end points were a composite of death, recurrent myocardial 

infarction or urgent target vessel revascularization (defined as the efficacy end 

point), major bleeding (safety end point), and the composite of death, recurrent 

myocardial infarction, urgent target vessel revascularization, or major bleeding (net 

adverse clinical events [NACE]) at 30 days The efficacy endpoint was reached for 

10.6% (n=205) in the bivalirudin group and 10.2% (n=191) in the heparin and GP 

IIb/IIIa inhibitor group (OR, 1.04; 95% CI, 0.85–1.27; p=0.69). The safety end point 
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was 3.4% (n=66) in the bivalirudin group vs 6.3% (n=117) in the heparin plus a GP 

IIb/IIIa inhibitor group (OR, 0.54 95% CI 0.40–0.72; p<0.001). NACE (Net Adverse 

Cardiac Events) occurred in 13.4% (n=258) of participants in the bivalirudin group vs 

14.7%, (n=275) in the heparin group plus a GPI group (OR, 0.90 95% CI 0.76–1.06; 

p=0.21) (Ndrepepa et al., 2012). The positive effects of bivalirudin on reducing major 

bleeding events was further supported in a double blind randomised controlled trial 

of 4,570 participants with stable or unstable angina who underwent PCI after pre 

dosing of clopidogrel, in line with standard practice. Participants were allocated to 

either bivalirudin (n=2,289) or Heparin (n=2,281) with no major differences in 

endpoint data shown. However, the incidence of major bleeding was 3.1% (n=70) in 

the bivalirudin group and 4.6% (n=104) in the unfractionated-heparin group (relative 

risk, 0.66; 95% CI, 0.49 to 0.90; p=0.008) (Kastrati et al., 2008). Major bleeding was 

defined as intracranial bleed, or retroperitoneal bleed, haemoglobin fall of more than 

3g per decilitre; any decrease in decilitre of more than 4 g per decilitre; or transfusion 

of 2 or more units of packed red cells. Important design characteristics of this trial 

need consideration as potentially patients were included with normal levels of 

Troponin and normal renal function, which make translation of these results to high 

risk populations more guarded. 

 

Literature regarding bivalirudin focuses on the issue of vascular complications and 

the broader issue of bleeding following intervention. Bivalirudin was examined, to 

assess whether bivalirudin which had been previously used in conjunction with other 

anticoagulants could be used effectively in the clinical setting as monotherapy. 

Patients were randomised by open label using a central telephone system. The 
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cohort of 1,056 patients undergoing PCI were divided in two, those receiving 

bivalirudin alone compared to those who received heparin alone. In this trial the 

adjunct use of GP IIb/IIIa inhibitors was at the discretionary use of the physician. The 

data showed lower levels of bleeding complications, without reaching statistical 

significance (2.1% compared to 2.7%, p=0.52) in the bivalirudin group (Lincoff et al., 

2004).  

 

The experience of anticoagulation in female populations was taken from the dataset 

for the Randomized Evaluation in PCI Linking Angiomax to Reduced Clinical Events 

(REPLACE) 2 trial. This trial compared bivalirudin with heparin and GP IIb/IIIa 

inhibitors showing that in terms of bleeding complications, bivalirudin had reduced 

rates of major bleeding episodes (5.9% heparin and GP IIb/IIIa inhibitor versus 16% 

bivalirudin), access site complications (4.1% heparin and GP IIb/IIIa versus 1.6% 

bivalirudin) and need for blood transfusion (4.6% heparin and GP IIb/IIIa inhibitors 

versus 3% bivalirudin). While this is a retrospective analysis it provides useful 

observational data in regards to women and bleeding complications. However, 

importantly one of the limitations is that women in this data set were more likely to be 

older, have a diagnosis of hypertension, heart failure and diabetes than the 

comparison group of males. In this light of this the data should be with these 

limitations in mind (Chacko et al., 2006). 

 

One of the most important issues for cardiology is vascular complications and the 

effect bleeding has, particularly on major endpoint data (Jolly et al., 2011a, Jolly et 
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al., 2011b). In a prospective cohort study which reviewed risk factors for the 

development of retroperitoneal bleeds the issue of GP IIb/IIIa inhibitors were 

examined. Data drawn from 3,482 procedures over a two-year period. In those that 

sustained retroperitoneal haemorrhage, GP IIb/IIIa inhibitors were used significantly 

more often (p=0.005). Using logistical regression techniques GP IIb/IIIa inhibitors 

were the major factor in developing a retroperitoneal haemorrhage (p=0.002). This 

study clearly identified the use of GP IIb/IIIa inhibitors as an independent and 

modifiable risk factor in developing retroperitoneal haemorrhage (Klaus et al., 2008). 

 

In a large retrospective cohort analysis (n=18,821) of data obtained from the Society 

for Cardiac Angiography and Interventions Registry (United States of America), 215 

bleeding events, 42 haemorrhages, 180 haematomas with seven combined events 

occurred (Horwitz et al., 2003). Overall bleeding risk was 1.9% with the GP IIb/IIIa 

inhibitors compared with 1.0% of patients who did not receive GP IIb/IIIa inhibitors. 

Significant differences emerged also in the haemorrhage and haematoma group. In 

the GP IIb/IIIa group 0.4% of patients had a haemorrhage compared with 0.2% of 

patients who did not receive a GP IIb/IIIa inhibitor (Horwitz et al., 2003). In the GP 

IIb/IIIa inhibitors group 1.5% of patients suffered haematoma formation compared 

with 0.9% of patients who did not receive a GP IIb/IIIa inhibitor. Multivariate analysis 

adjusted for multiple potential confounding variables showed while there was a risk 

of bleeding, this was not statistically significant suggesting a modest increase in the 

rate of bleeding (Horwitz et al., 2003). 
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Puncture of the artery and fluoroscopy- When a review of vascular complications 

occurs it is important to discuss the issue of arterial puncture, which may reliably 

predict the nature and severity of haemorrhagic complications. Optimal femoral 

artery access occurs above the femoral bifurcation and below the inferior portion of 

the inferior epigastric artery. A puncture that is not considered ideal predisposes 

patients to an increased risk of developing retroperitoneal haematoma and additional 

vascular complications (Pitta et al., 2011). In a retrospective study on 300 patients 

who underwent PCI, the authors sought to determine the correlation between 

femoral puncture site and the development of vascular complications. Vascular 

complications occurred in 5.7% of the total study group. In those with optimal femoral 

access the event rate was 4% vs 18% in those with sub optimal femoral access 

(p<0.001). While being a retrospective examination of data this study suggests that 

location of appropriate vascular landmarks is a crucial part of the femoral access 

process (Pitta et al., 2011). 

 

Arterial puncture at the site of the infra-inguinal portion of the common femoral artery 

is considered ideal as it allows effective digital pressure against the femoral head 

post sheath removal. A puncture that is above this point has long been thought to be 

causative in the development of complications and an independent risk factor. In a 

large, widely cited trial, on vascular complications, data on a high puncture was 

reported and its impact of femoral access complications. A retrospective analysis 

comparing a group of patients who suffered a retroperitoneal bleed with a control 

group of patients who did not suffer any complications, estimated that 16% of the 
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control group had a high puncture compared with 55% of patients in the 

retroperitoneal haemorrhage group (p<0.003) (Farouque et al., 2005). 

 

As various authors have identified the risk of high punctures in the development of 

femoral access complications, the impact of imaging the access site (either by 

fluoroscopy or ultrasound) has been assessed. In a large single centre, randomised 

controlled trial the use of fluoroscopy versus traditional landmarks for obtaining 

vascular access was investigated. While the primary reason for doing this study was 

to compare which method better enabled the use of vascular closure devices to be 

used, it provided data determining the appropriateness of imaging a patient’s femoral 

artery prior to arterial puncture (Abu-Fadel et al., 2009). This study randomised 972 

patients into vascular access using fluoroscopy compared to traditional surface 

anatomy landmarks. While they found no meaningful difference in primary outcome 

in these categories important data emerged in reference to the use of fluoroscopy in 

the femoral artery. This study demonstrated a significant decrease in the incidence 

of pseudoaneurysm in the fluoroscopy group (0.2% compared to 0.8% p<0.001) as 

well as reduced incidence of dissection (0.2% compared to 0.4% p<0.001), and 

haematoma of greater than 10cm in radius (0.63% compared to 1.2% p<0.001). 

Importantly fluoroscopic imaging of the femoral head was also found to significantly 

reduce the number of punctures below the femoral head in comparison to the 

traditional land mark technique (3.3% compared to 6.4% p<0.001). The authors 

noted the benefits of fluoroscopy in female patients and obese patients both 

considered important risk factors in the development of vascular complications (Abu-

Fadel et al., 2009). 
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Vascular Closure Devices (VCD) - The traditional method of achieving haemostasis 

post arterial puncture has focused on manual compression of the femoral artery or 

the application of a compression device. However during the early 1990s devices 

were developed to achieve haemostasis post arterial puncture (Hon et al., 2010). 

VCDs have well defined benefits as a means of providing arterial closure, including 

early patient ambulation post procedure, enhanced patient satisfaction resulting from 

reduced sheath insertion time and digital compression times (Vidi et al., 2012, Al-

Lamee and Nowbar Alexandra, 2018). Efficiency benefits include increased staff 

availability, resulting from staff no longer needing to undertake the time consuming 

task of manual compression of femoral arteries.(Vidi et al., 2012, Al-Lamee and 

Nowbar Alexandra, 2018). 

 

Various methods of obtaining vascular closure include compressing the common 

femoral artery by hand usually for a period of 10 minutes, or using one of three 

manufactured devices. The Angio-seal™ device (Terumo Medical Corporation, 

Somerset New Jersey), is a collagen plug with a suture anchor mechanism to allow 

compression of the vessel wall between the anchor mechanism and the collagen 

plug. The StarClose device (Abbott, USA), involves the use of clip in the 

extravascular surface of the vessel. The Perclose device (Abbott, USA) works by 

deploying suture material on both sides of the artery, the suture material is tied, 

compressed down and then cut close to the arterial wall (Cox, 2008). 
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The early experience of VCDs was the subject of a systemic review and meta-

analysis to investigate the safety of vascular closure devices comparing VCDs with 

manual compression. Authors examined 30 trials of 4,000 patients and concluded 

that VCDs may increase the risk of haematoma and pseudoanerurysm, noting the 

inclusion of trials early in the experience of vascular closure devices with early 

generation devices. The relative risk of developing groin haematoma was 1.14 (95% 

CI, 0.86-1.5, not significant), and the relative risk of pseudoaneurysm formation was 

1.19 (95% CI, 0.75- 1.88, not significant). This review did show that while VCDs were 

implicated in the development of haematoma and pseudoaneurysm, the safety of 

VCDs is uncertain due to the variable quality of studies included. The authors note 

that when they reviewed articles considered to be of higher methodological quality 

vascular complications occurred more often in the VCD group (Koreny et al., 2004). 

 

Later data which provided a comprehensive overview on complications from the use 

of VCDs concluded that adequate randomised control data is yet to be provided for 

patients at higher risk of complications (Dauerman et al., 2007). The authors report a 

vascular complication rate of between two and five percent in patients who receive 

VCDs and highlight that in the first decade of use there were significant 

complications, with improvements in devices and experience of users resulting in 

improved outcomes (Dauerman et al., 2011). They conclude their broad discussion 

of VCDs with a summation of the evidence gathered over a nine year period from 

registry data. For patients undergoing diagnostic coronary angiography there was a 

reported risk of vascular complications ranging from 0.5% to 1.7% and in patients 

undergoing PCI the rate of vascular complication ranged from 0.8% to 5.5%. The 
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author’s note that these figures are similar to published data reported on manual 

compression and conclude that there appears to be benefit in using VCDs in 

diagnostic cardiac angiography with negligible benefit in the setting of PCI. However 

the authors conclude that most data relevant to this topic is from smaller datasets 

(n= 500) and is retrospective in nature. To allow definitive conclusions to be drawn 

more robust data must be obtained from large randomised controlled trials, 

particularly around high risk sub-groups (Dauerman et al., 2007). 

 

More contemporary data show great advances in the use of VCDs, perhaps driven 

by the emergence of structural disease programmes. In a recent large systematic 

review of 34 VCD trials, VCDs have excellent clinical outcomes with minimal 

complication rates; however with a higher complication rate compared to manual 

compression (MC). Overall complications were similar with (12% for VCDs vs 13% 

for manual compression), infection rate 0.6% with VCDs vs 0.2% with MC, p=0.02), 

and importantly, the risk of thrombotic events (0.3% with VCDs vs 0 with MC, 

p=0.07). The authors conclude that a key limitation of this work,  is that most studies 

involving VCDs are under powered, and  that continued vigilance is important in the 

training and updating of skills of all member of the cardiology team (Noori and 

Eldrup-Jørgensen, 2018). The emergence of structural disease programmes will 

drive the imperative for adequately powered trials to address the significant issues of 

vascular complications in contemporary practice. 
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Management of Vascular access Complications 

 

Treatment of pseudoaneurysm has had several options, including conservative 

management of bed rest and historically direct pressure (which may be guided by 

ultrasonography) or surgical repair, and ultra-sound guided pressure (Chua et al., 

1998). Ultra-sound guided pressure involves applying an ultrasound probe directly at 

the point of the channel which communicates between the pseudo aneurysm and the 

femoral artery to prevent arterial flow into the pseudoaneurysm. This avenue of 

treatment is generally perceived as a conservative treatment modality (Chua, et al., 

1998). The author’s note that usually the compression requires multiple attempts and 

patients are required to be on bed rest while the psueudoaneurysm repairs.  

 

Surgical repair of psuedoaneursym is indicated for an ongoing, painful or expanding 

psueodoaneurysm, rapid expansion of the pseudoaneurysm, concomitant distal 

ischemia or neurological deficit. While being a highly effective method of treatment, 

surgical management carries the usual risk of anaesthetic risks, pain during the 

postoperative period, and infection (Bhatty, 2011). 

 

Retroperitoneal haemorrhage is usually treated conservatively, however in a 

progressively deteriorating patient surgical intervention is indicated. Retroperitoneal 

haemorrhage should be considered following interventional procedures such as 

angiography, noting anticoagulation alone may be causative in the development of a 

spontaneous retroperitoneal bleed (Higgs and Smith, 2005). Initially treatment 
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centres on conservative measures such as bed rest, discontinuation of any 

anticoagulation, blood transfusion if clinically indicated, and analgesia. Surgical 

management is indicated if shock symptoms persist, and centres around surgical 

repair of the affected site, embolisation of the site, or ligation of the blood supply 

(Higgs and Smith, 2005). 

 

Percutaneous Thrombin Injection 

A further method of management of vascular complications is thrombin injection. A 

systematic review of two randomised controlled trials and 11 observational studies 

compared the results of ultrasound based compression techniques (ultrasound 

guided compression (UGC) versus ultrasound guided thrombin injection (UGTI)) to 

treat post procedural cardiac catheterisation/PCI femoral pseudoaneurysms. This 

analysis, including 786 and 318 subjects who underwent UGC and UGTI 

respectively, demonstrated a number of clinically significant findings. Importantly, 

UGTI demonstrated a significantly higher success rate compared to UGC (97.4% vs. 

69.3%, OR 0.06, 95% CI 0.03–0.11) while the overall complication rate for both 

methods of closure was small (0.69% versus 0.78%, OR 1.77, 95% CI 0.40–7.88). 

While not definitive due to absence of high quality data, UGTI may have benefits in 

terms of length of stay, without reaching statistical significance (MD 1.99 days, 

−0.33–4.29) (Kontopodis et al., 2016). 

 

Thrombin injection was reviewed in a Cochrane review, which aimed to assess 

treatment for pseudoaneurysm. Treatments examined included manual or 
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mechanical compression, ultrasound-guided compression, and/or percutaneous 

thrombin injection. Four studies were included in the analysis adjudicated by two 

authors. Compression defined by digital pressure or the use of the Femostop device 

was demonstrated to be effective in achieving pseudoaneurysm closure although 

ultrasound-guided application failed to confer any benefit (risk ratio 0.96; 95% CI 

0.88 to 1.04). Thrombin injection was more effective than a single episode (time 

varied) of ultrasound-guided compression in achieving primary pseudoaneurysm 

closure within the available RCTs. However, when merged the data did not reach 

statistical significance (RR 2.81; 95% CI 0.44 to 18.13). While this conclusion was 

based on limited data it suggests the use of thrombin injection is effective and safe, 

with clinical utility in the closure of pseudoaneurysm after cardiac catheterisation 

(Tisi and Callam, 2013). 

 

Methods of Improving Vascular Access 

 

Vascular complications can be reduced by the adoption of ultrasound of the femoral 

artery and fluoroscopy. The two main methods to ensure optimal femoral artery 

access location is by fluoroscopy to visualise the femoral head and the use of hand 

held ultrasound to identify the femoral artery, the femoral artery bifurcation and the 

presence of calcification. Handheld ultrasound is used to guide arterial puncture to 

avoid the bifurcation allowing more accurate and successful access of the common 

femoral artery, reducing the risk of vascular access, improving the first-time access 

rate and reducing the time taken for arterial access (Seto et al., 2010). In a 

randomised control trial of 280 participants, comparing ultra-sound guided access to 
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manual palpation to guide femoral puncture, success of puncture was defined 

through, total number of attempts required for access, time to sheath insertion, pain 

during puncture, and access‐related complications. Technical success and the 

overall adverse rates were lower in the ultrasound group (p= 0.052 and p= 0.052 

respectively) (Gedikoglu et al., 2013). 

 

The use of fluoroscopy has been shown to enhance arterial access in cardiac 

catheterisation. In a randomised controlled trial of 972 participants allocated to either 

fluoroscopy guided ultra-sounded arterial access (n=474) or the traditional method of 

palpation only (n= 498), the fluoroscopy group had significantly less arterial sheath 

placement below the inferior border of the head of the femur (p= 0.03). This is 

important as it is perhaps one of the most significant drivers in the development of 

FVC. Additional data showed the total time for sheath insertion (105.7 ± 130.7 vs. 

106.5 ± 152.6 sec) and number of times femoral artery access was attempted 1.1 ± 

0.4 vs. 1.1 ± 0.5) did not differ between groups (fluoroscopy vs palpation) (Abu-Fadel 

et al., 2009). In more contemporary data, fluoroscopy was compared to no 

fluoroscopy usage to assist in femoral artery puncture in 4,534 patients, comprising 

1,890 who had no fluoroscopy (palpation alone) versus 2,644 with fluoroscopy 

guidance. Primary endpoint was any access site complication compared using an 

interrupted time-series analysis. Data demonstrated a reduction in femoral 

complication rates after the introduction of fluoroscopy guided puncture (40% 

decrease RR 0.58; 95% CI 0.25–0.87; p < 0.01). Overall there was a significantly 

lower incidence of access site complications after the introduction of fluoroscopy 

guided puncture (0.9% vs. 2.0%, p < 0.001) (Castle et al., 2019). 
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1.7.7 Radial access complications 

 

The European Society of Cardiology consider radial artery occlusion, injury, and 

vascular complications following cardiac catheterisation and PCI to be an infrequent 

occurrence (Roffi et al., 2015). Radial access complications are described within the 

literature as occurring between 5% and 30% of patients, however the majority of 

reported data is between 5 and 10% (Beyer et al., 2013). Radial access 

complications can have a significant impact on patients undergoing this procedure 

(Uhlemann et al., 2012).  

 

Radial artery occlusion (RAO) is considered a complication of trans-radial access 

and the mechanism is thought to be due to the formation of thrombus (Kanei et al., 

2011). Risk factors for RAO have been described in a study by one of the pioneers 

of trans-radial access to include, female gender compared with male gender (6.5% 

vs 3.0% p=0.006), diabetes (2.0% in the non-diabetic cohort vs 7.5% in diabetics 

p=0.001), patients who were not given Heparin (6% in those that did not receive 

Heparin vs 3.9% in the cohort that received Heparin, p=0.0001), and importantly a 

failure to maintain appropriate radial patency while the haemostasis device is in 

place (9% in those without patency vs 0.5% in those with patency, p=0.002) 

(Pancholy et al., 2012). The main impact of RAO is that it does not allow the radial 

artery to be utilised for further procedures which may be problematic as this patient 

cohort may require more interventions in the future (Kiemeneij and Boink, 2016). 
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The role of ultrasound measurements has been to shown to assist in the reduction of 

RAO, due to an increased ability to undertake radial artery measurements to guide 

equipment selection (Chugh et al., 2015). The role of all members of the 

interventional team in facility radial ultrasounds may offer a valuable adjunct to 

clinical care. 

 

Trans-radial access complications were reviewed for patients undergoing radial 

cardiac catheterisation. The documented complication rate for radial access site 

vascular complications is 0.59%, compared with femoral access site complications of 

3.71% (Kanei et al., 2011). Additional radial access site complications can be 

categorised as the following (Kanei et al., 2011): 

 

Radial artery occlusion with ischaemia- This should not occur when appropriate 

circulation is evident prior to puncture. Traditional methods of assessing palmar dual 

blood supply such as the Allen’s test and modified Allen’s test are non-evidence 

based methods of predicting vascular injuries. The reported incidence of this 

occlusion has only occurred in the longer term monitoring of critically ill patients and 

remains a non-significant problem in the cardiac catheterisation laboratory as 

sheaths are removed immediately post procedure (Kanei et al., 2011). 
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Radial artery spasm- While not regarded as a serious adverse event radial artery 

spasm has the potential to cause both access and procedural failure. The 

occurrence of spasm drives difficult to manage clinical situations including pain, loss 

of pulse, and transient entrapment of the arterial sheath (Ho et al., 2012). This 

complication occurs in approximately five to 10% of cases (Boyer et al., 2013). Risk 

factors for the development of radial artery spasm include smaller diameter radial 

arteries, female gender, multiple catheter exchanges, and level of experience of 

operator (Boyer et al., 2013) The use of procedural sedation and usage of glyceryl 

trinitrate are thought to be protective against the occurrence of radial spasm (Boyer 

et al., 2013, Deftereos et al., 2013). 

 

Arterial perforation – Perforation of the radial artery may lead to large haematomas 

in the forearm and compartment syndrome. Perforation usually occurs due to 

incorrect guide-wire manipulation and over anticoagulation and is reported to occur 

in less than 1% of cases (Jolly et al 2009). 

 

Radial artery pseudoaneurysm- Reported in less than 0.1% of cases occurs after 

multiple puncture attempts, over anticoagulation and the use of larger sheath sizes 

(Kern, 2011, Romagnoli et al., 2011). 

1.8 Conclusion 

 

This literature review has provided an overview of CHD and the burden it places on 

health care, in addition to describing common adverse events, and negative health 
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outcomes of patients presenting with heart disease. The review has combined both 

historic and contemporary literature to provide an overview of the disease process. 

The review has provided detail on various factors that contribute, or may contribute 

to the development of cardiac associated adverse events which carry potential 

morbidity and mortality consequences. 

 

The research in this thesis has been undertaken using local health district data to 

provide an evidence based approach to improving patient safety for people 

undergoing diagnosis or treatment of CHD. This research will enable improved 

health outcomes for people being hospitalised for treatment and management of 

heart disease. This thesis seeks to instigate a method of monitoring or addressing 

issues that enhance positive outcomes for patients requiring cardiac interventions, 

using a nursing model. An analysis of adverse events, as well as developing a 

predictor model would be beneficial at a local and international level. This analysis 

provides an avenue for routine, nursing led reviews of health outcomes, identifying 

potential management solutions, implementing evidence-based treatment 

paradigms, and potential avenues for further research and collaborations. 

 

Historically in nursing, much of the focus on patient safety has been the bedside 

approach with strategies focused on checklists and multi-disciplinary rounds 

(Henneman et al., 2012). However other nursing strategies and interventions have 

been demonstrated to be highly effective in the recognition, management and 

importantly the interruption of adverse events (Henneman et al., 2012). The role of 
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the advanced practice nurse has been demonstrated to be an integral aspect of 

ensuring patient safety (Henneman et al., 2006, Henneman et al., 2010, Kutney-Lee 

et al., 2009). The nursing workforce are an essential component of the patient 

journey and having knowledge of risk factors and procedural aspects of care that 

may cause a complication is of critical importance in all contemporary cardiac 

catheterisation laboratories. Importantly, it is now mandated via position statements 

that knowledge, recognition and management of adverse events and complications 

are requirements for the contemporary nurse (White et al., 2018). A nursing led 

model of reporting outcomes informs nursing practice, and provides meaningful data 

to improve the patient experience and importantly patient outcomes (Henneman et 

al., 2010). Contemporary issues and outcomes of cardiology nursing practice has 

significance for an international audience. Data that examines clinical outcomes 

using a nursing model would be an important contributor to the body of knowledge 

and would assist in refining patient safety policy, informing wider policy development 

and improving patient care. Upon completion of this program of research the 

candidate hopes to provide detailed, evidenced based answers to the research aims. 

Advanced practice nurses have demonstrated that a nursing led model of adverse 

event monitoring focusing on outcome data can be adopted with ease into their 

system of care to monitor and reduce complications (Leeper, 2004, Spruce and 

Butler, 2017, White et al., 2018). Gaining a greater understanding of this broad issue 

will enable this data to be translated in to contemporary nursing practice. Findings 

from this thesis can be used as a platform for other institutions or health services 

wishing to implement a system of adverse event monitoring to enable the nursing 

workforce to lead the utilisation of current and emerging technology. 
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Chapter 2: 

Missed Acute Myocardial Infarction in a rural and regional setting 

 

This chapter is published as an original research article in the peer reviewed journal 

International Journal of Cardiology: Heart & Vasculature. The final Word version is 

included here, with references included at the end of the thesis. A PDF version of the 

publication is included in the Appendices. 

Citation: Williams T, Savage L, Whitehead N, Orvad H, Cummins C, Faddy S, 

Fletcher P, Boyle A, Inder K. Missed Acute Myocardial Infarction (MAMI) in a rural 

and regional setting. International Journal of Cardiology: Heart & Vasculature. 22 

(2019) 177-180. https://doi.org/10.1016/j.ijcha.2019.02.013 

 

2.1 Preamble 

 

This first study presented in Chapter 2 provided the framework to collect outcome 

data that incorporated admissions to facilities throughout the whole local health 

district which covers a large geographical area. Establishing data linkage systems 

enabled refinement of data collection for the remaining studies in this thesis. These 

systems are now integrated into routine standard practice. 

 

https://doi.org/10.1016/j.ijcha.2019.02.013
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The overarching theme of this study was to examine adverse events associated with 

acute admissions to hospital with acute myocardial infarction. This chapter identifies 

the causes and outcomes of missed diagnosis of myocardial infarction with a focus 

on the burden of this event in the rural population associated with the local health 

district. Clinical data collection systems were developed as the basis for the 

detection of adverse events. 

 

The reasons why patients who present with clinical characteristics and ECG 

evidence of acute myocardial infarction do not receive evidence based treatment is 

under reported within the literature, despite the impact on morbidity and mortality. 

Delay in receiving treatment and/or failure to provide timely reperfusion in ST-

segment elevation myocardial infarction (STEMI) can have significant impacts on 

morbidity and mortality. 

  

There is limited literature concerning the factors that contribute to a missed diagnosis 

of acute myocardial infarction. This study examines demographic, clinical, ECG and 

organisational factors associated with patients presenting with STEMI who were 

eligible for reperfusion therapy but did not receive it in a rural and regional area. 

  

Findings indicate that a missed diagnosis of STEMI is associated with longer length 

of hospital stay, readmission and mortality and primarily occurs in smaller rural 

hospitals. Common contributing factors include failure to correctly interpret the ECG 
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and treatment indecision. This study highlights the need for system improvements to 

reduce missed diagnosis of this high risk population. 
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2.2 Abstract 

 
Background: Delay in treatment and/or failure to provide reperfusion in ST-segment 

elevation myocardial infarction (STEMI) has impacts on morbidity and mortality. 

Differing clinical presentations and organisational factors make the diagnosis of 

STEMI challenging. This study aimed to describe factors associated with missed 

diagnosis of acute myocardial infarction (MAMI). 

 

Methods: Retrospective cohort design. Patients who presented with STEMI and 

failed to receive reperfusion therapy within four hours were identified as MAMI. 

Univariate analysis was undertaken to identify differences in clinical characteristics 

between the treated STEMI group and the MAMI group. Length of hospital stay, 30-

day readmission rates and mortality were included. 

 

Results: Of 100 patients identified as MAMI (70 male and 30 female), 24 died in 

hospital. MAMI patients have similar demographics and time from symptom onset to 

treated STEMI patients. Of the MAMI patients who died, rural hospitals recorded the 

highest inpatient mortality (69.6% p=0.008). MAMI patients had higher 30 day 

readmission compared to treated STEMI (31.6% vs 3.3%, p=0.001) and longer 

length of stay (5.5 vs 4.3 days p=0.029). Causes of MAMI were inaccurate 

identification of STEMI on electrocardiogram (ECG) (72%) and diagnostic 

uncertainty (65%). The Glasgow algorithm to identify STEMI was utilised on 57% of 

occasions, with 93% accuracy. 
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Conclusion: Mortality following MAMI is high and indicates a need for system 

improvement, particularly in smaller rural hospitals. MAMI results in increased length 

of stay and readmission rate. ECG interpretation and diagnostic accuracy require 

improvement.  
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2.3 Introduction 

 

The burden of heart disease is 20% greater in rural populations compared to 

metropolitan populations, with a higher rate of mortality and multiple hospital 

transfers often required to access specialised care (Brieger and Redfern, 2013). 

Appropriate and timely clinical care of patients presenting with Acute Coronary 

Syndrome (ACS), including acute myocardial infarction, is the subject of 

comprehensive guidelines nationally and internationally (Roffi et al., 2016, Chew et 

al., 2016b). Timely access to evidence-based management of ST segment elevation 

myocardial infarction (STEMI) is imperative for optimal clinical outcomes (Savage et 

al.). 

 

For patients presenting with STEMI in non-metropolitan hospitals the reperfusion 

treatment is predominantly thrombolysis. If thrombolysis is delivered in a timely 

fashion, followed by transfer to a percutaneous coronary intervention (PCI) capable 

hospital, this provides outcomes similar to primary PCI, which is recommended 

where facilities are available (Khan et al., 2016). The impact of delay in treatment 

and failure to provide reperfusion doubles mortality, and impacts on morbidity 

outcomes (Farshid et al., 2016). However differing clinical presentations and 

organisational factors can make the diagnosis of ACS a challenge for clinicians, 

resulting in some patients not receiving the appropriate standard of care (Pride et al., 

2012). Internationally, the experience of failure to treat STEMI has been documented 

(Schull et al., 2006, Tricomi et al., 2008). Australian data has shown that more than 

one third of people presenting with STEMI (who were eligible for treatment) did not 
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receive recommended reperfusion therapy (Chew et al., 2013). This rate is higher 

outside the metropolitan environment, and the reasons for this are unclear (Farshid 

et al., 2016). The purpose of this study was to assess the demographic, clinical, 

ECG and organisational factors associated with patients presenting with STEMI who 

were eligible for reperfusion therapy but did not receive timely treatment in a rural 

and regional area. 
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2.4 Materials and Methods 

 

A retrospective medical record review of patients presenting to hospital with STEMI 

to identify those with a missed diagnosis of acute myocardial infarction (MAMI) was 

conducted from 2011 to 2016 by two senior cardiology medical staff, four nursing 

staff, and one ambulance staff member. 

 

2.4.1 Setting:  

 

The LHD services a population of 950,000 and covers an area of 131,785 square 

kilometres, covering major cities, inner regional, outer regional and remote 

populations (ABS, 2018). The district has seen a 3% cumulative increase per year in 

presentations to Emergency Departments, with approximately 15,000 chest pain 

presentations across the LHD annually. The district comprises 37 hospitals, including 

general practitioner run hospitals (n= 27), general physician on site/ Fellow 

Australasian College of Emergency Medicine (FACEM) hospitals (n=7), nurse only 

hospitals (n=2), and tertiary referral centres (n=1).  

 

The local health district’s reperfusion strategy for patients presenting with ACS was 

implemented in 2010 utilising a computer algorithm for identification of STEMI on 

electrocardiograph (ECG). All hospitals and ambulances in the LHD have ECG 

machines equipped with the Glasgow algorithm (Macfarlane et al., 2005). This has 

been shown to have acceptable diagnostic accuracy in the interpretation of STEMI 

(4, 12). Integrated within this system is the ability to electronically transmit ECGs for 
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expert review by a cardiologist when STEMI is detected by the algorithm. Under this 

reperfusion strategy more than 500 acute STEMI patients are identified and treated 

per annum across the district. These ECGs are electronically stored and form part of 

the patient’s medical record. 

 

2.4.2 Sample 

 

We reviewed the medical records of patients who presented to any hospital in the 

region with STEMI and failed to receive timely reperfusion therapy, when not 

contraindicated, from 2011 to 2016. For this analysis timely reperfusion therapy was 

defined as treatment of patients who exhibited a clinical presentation and changes 

on ECG consistent with STEMI. ECG confirmation of STEMI was adjudicated by a 

senior Cardiologist. Patients were required to meet criteria for standard reperfusion 

therapy (Chew et al., 2016b). Patients who presented with a STEMI and who were 

not identified and treated within a four-hour period were included in this review as 

Missed Acute Myocardial Infarction (MAMI). We excluded five patients who had end 

stage disease processes, including cancer and dementia who were treated using a 

palliative approach. 

 

2.4.3 Data Sources 

 

A database of patients identified as MAMI was developed and populated using 

information from medical records, online clinical databases, including pathology and 

an ECG STEMI database, ambulance service data, and organisational patient 
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tracking databases. Ethical approval was obtained from the institutional human 

research ethics committee (AU201711-02). Patients were identified as MAMI through 

examination of ECG databases, clinical databases (including ACS and STEMI 

databases), routine audit of transfer to other hospitals reports, inpatient death audits, 

and clinician notifications via the organisational adverse event reporting 

mechanisms. 

 

2.4.4 Factors of interest 

 

 Patient demographic factors; including age, gender, and aboriginality; 

cardiovascular disease (CVD) risk factors including hypertension, 

dyslipidaemia, diabetes, smoking; and previous CVD including prior 

myocardial infarction, prior coronary artery bypass graft surgery (CABG) and 

prior percutaneous coronary intervention (PCI) were included in the dataset. 

 Hospitalisation-related factors; including MAMI inpatient mortality, length of 

hospital stay and 30-day-readmission; and details of the clinical presentation 

including type of myocardial infarction were collected. Time of presentation to 

hospital, and time between onset of symptoms to time of hospital presentation 

were also recorded. 

 ECG factors and STEMI characteristics; Timing of ECG, usage of Glasgow 

ECG interpretation algorithm and appropriate recognition of STEMI using the 

algorithm, delays in diagnosis, accuracy of interpretation of ECG clinical staff, 

and diagnosis uncertainty.  
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 Definitions of factors associated with MAMI; Inaccurate ECG interpretation 

was defined as failure to make diagnosis of STEMI despite ECG criteria 

indicating STEMI. This was regardless of whether the Glasgow algorithm was 

used. Diagnostic uncertainty was defined as delay in access to expert clinical 

support and confusion around the correct treatment and referral processes. 

Treatment indecision is defined as where a STEMI was identified yet 

reperfusion therapy was not given despite an absence of contraindication. 

 Organisational factors; Hospitals were classified as: tertiary hospital (bed 

capacity >500), metropolitan hospital (bed capacity >200 and ≤ 500), rural 

referral hospital (bed capacity >100 and ≤200) and small rural hospital (bed 

capacity ≤100). The majority of hospitals were classified under the Australian 

Statistical Geography Standard (ASGS, 2011) as being in inner or outer 

regional Australia. 

 

2.4.5 Statistical methods: 

 

Data analysis was conducted using IBM SPSS Statistics (version 22, Chicago, IL, 

USA). Descriptive statistics are presented by counts and percentages for categorical 

variables and means and standard deviation (SD) for continuous variables. The 

patient demographics of the MAMI group were contrasted against the dataset kept 

for STEMI presentations to the local referral hospital. The two groups are 

heterogeneous and should be viewed for presentation demographics only. Univariate 

analyses to identify any differences in clinical characteristics were performed on data 

comparing two groups. Categorical variables were analysed using a chi-square test, 

while continuous variables such as age were analysed via analysis of variance 
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(ANOVA). Planned comparisons were performed using Bonferroni corrections and 

statistical significance level was set to p<0.05. 

2.5 Results 

 

Over the five-year period approximately 1,392 patients presented with a STEMI to 

the hospitals in the region. Of these, 100 patients were identified as missed acute 

myocardial infarctions (MAMI); 24 of the MAMI patients died in hospital.  

 

Table 2.1: Characteristics of MAMI patients compared to treated STEMI from 
2011 to 2016 

CABG: Coronary Artery Bypass Graft; M: Mean; PCI Percutaneous Coronary Intervention; SD: 
standard deviation; STEMI: ST segment Myocardial Infarction  

Variable Treated STEMI  
n=1292 

MAMI Patients  
n=100 

p-value 

Male Gender n (%) 950 (73.5) 70 (70) 0.465 

Age (years) m (SD) 63.9 (12.9) 66.3 (12.4) 0.302 

Indigenous n (%) 47 (3.6) 4 (4) 0.776 

Hypertension n (%) 796 (61.6) 42 (42) 0.076 

Dyslipidaemia n (%)  496 (38.4) 38 (38) 1.000 

Diabetes n (%) 314 (24.3) 33(34) 0.081 

Prior smoking n (%) 693 (53.6) 42(42) 0.039 

Prior Myocardial Infarction n (%)  231 (17.9) 26 (26) 0.072 

Prior CABG n (%) 37 (2.9) 9 (9) 0.008 

Prior PCI n (%)  130 (10.1) 14 (14) 0.291 

Presentation to hospital m (SD) 

7am-3pm  

 

707 (54.7) 

 

62 (62) 

 
0.190 

3pm-11pm 377 (29.2) 21(21) 0.115 

11pm-7am 204 (15.8) 17 (17) 0.767 

Symptom onset to presentation 

(minutes) m (SD)  

 

150.5 (144.4) 

 

155.6 (131.4) 

 

0.903 

Anterior Infarction n (%) 528 (41) 67 (67) 0.000 

Length of Stay; m (SD) 4.3 (3.7) 5.5 (4.5) 0.029 
30-day Readmission n (%) 43 (3.3) 24 (24) 0.001 
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Characteristics of the treated STEMI and MAMI groups are presented in Table 2.1. 

Compared with the treated STEMI group, demographics of the MAMI group were 

similar in terms of age, comorbidities and time from symptom onset to presentation. 

MAMI patients were more likely to have previous CABG (9% vs 2.9%; p=0.008) and 

present with anterior infarction (67% vs 41%; p<0.001). MAMI patient presentations 

were common on weekends (50%) and were less likely if patients arrived to hospital 

via Ambulance (25% vs 50% treated STEMI cohort). 

 

Patients who survived MAMI had a significantly higher thirty-day readmission rate 

compared with treated STEMI (24% vs 3.3%, p=0.001). The MAMI cohort showed a 

longer length of stay when compared with the treated STEMI group (5.5 days versus 

4.3 days, p=0.029). MAMI patients who survived hospitalisation (n=76) were of 

similar age to treated STEMI patients. The MAMI patients who died in hospital 

(n=24) had a higher proportion of women compared with the MAMI group that 

survived to discharge (46% versus 25%) and a higher proportion presented to 

hospital after 3pm. 

 

MAMI patients most commonly presented to small rural hospitals (Figure 2.1). 

Approximately one third of MAMI patients (37%) presented to metropolitan hospitals 

the remaining to rural hospitals. Of the patients with MAMI who died, smaller rural 

hospitals recorded the highest inpatient mortality (69.6% p=0.008). There was no in-

hospital mortality of patients who had MAMI in the large tertiary referral hospital 

(Figure 2.1). 
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In MAMI cases, failure to identify the STEMI on ECG (72%) and diagnostic 

uncertainty (65%) were the most common contributing factors. The MAMI group had 

multiple contributors which relates to the complexity of presentation in this group and 

the multiple contributors to MAMI. Diagnostic uncertainty appeared common in 

patients with presentations labelled as “atypical symptoms”. In a number of cases a 

diagnosis of gastrointestinal reflux was made based on limited parts of the 

presenting complaint. This diagnosis was not altered despite evidence of STEMI, 

e.g. clear ECG changes. Treatment indecision contributed to delayed therapy in 

nearly 25% of cases, and resulted in no reperfusion therapy in a number of others. 

 

Clinicians frequently failed to both independently correctly analyse the ECG, or to act 

on the machine ECG interpretation (Glasgow algorithm). Of the MAMI patients, 57% 

had an ECG performed on a machine equipped with the Glasgow algorithm. Where 

the Glasgow algorithm was utilised, it correctly identified STEMI in 93% of occasions. 

Despite correct machine identification of STEMI in these cases, reperfusion therapy 

was not given in a timely manner. 
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The majority of patients presented to rural hospitals. Higher mortality was seen with MAMI in 
these locations. 

 
Figure 2.1: Initial Presentation Hospital and outcomes for patients presenting 
with MAMI  
 

2.6 Discussion 

 

This paper describes the patient characteristics and the clinical factors associated 

with the missed diagnosis of acute myocardial infarction in a rural and regional 

setting. Patients who had MAMI had a three- fold higher mortality when compared to 

the regions published mortality rate (Khan et al., 2016). In addition there was a 20% 

increased LOS, and eight times the readmission rate compared to treated STEMI 

patients. Alarmingly anterior infarction was the most represented infarct type. These 

clinical factors place the patients and the healthcare system under unnecessary 

stress. Understanding the problem more deeply will assist in informing clinicians and 

policy makers.  
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The high proportion of STEMI patients not receiving reperfusion therapy is widely 

described in the literature and has been examined over a long period of time 

(Masoudi et al., 2006, Welsh et al., 2016). Previous reasons for not receiving 

reperfusion when indicated included late presentation, atypical symptomatology, 

gender and co-morbidity factors, in addition to clinician performance issues and 

system issues (van der Ende et al., 2017, Singer et al., 2017, Schull et al., 2006, 

Welsh et al., 2016). In our study, there were no clinically meaningful demographic 

differences in the MAMI cohort. We found several system reasons for failure to treat 

STEMI by the agreed clinical pathway. A clinical pathway in each facility is 

underpinned by state health policy for the treatment of STEMI (Health, 2011). There 

has been previously reported barriers in the usage of guidelines which may impact 

on widespread compliance with this pathway (Kinsman et al., 2012). The barriers to 

the utilisation of guidelines maybe a useful source of further research. 

 

Interpretation of the ECG, diagnostic uncertainty and treatment indecision all play a 

role in the in the increase in mortality (Pride et al., 2012). The use of an interpretive 

algorithm in assisting with ECG interpretation has been embedded in the NSW 

health reperfusion strategy for acute myocardial infarction since 2012. While it is 

uncertain how prevalent MAMI was before this strategy, it is clear that the availability 

of an algorithm has not eliminated the failure to treat STEMI. The algorithm was 

triggered in more than half the patients with STEMI who were not treated. Despite 

correct machine identification of STEMI in these cases, reperfusion therapy was not 

given. In some cases, it appeared the machine interpretation was not read or noted 

by treating clinicians, in others cases it appears that the machine interpretation was 
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disregarded or not believed. The reasoning behind either the clinical failure to 

interpret the ECG or the operational failure to accept the algorithm interpretation is 

unclear from the medical record. Further evaluation of this aspect of MAMI is 

essential to better understand the phenomenon. 

 

A central support hub and spoke for clinical guidance exists in the catchment of this 

group of patients. This model consists of the tertiary centre being the hub and the 

rural and regional sites being the spoke (Elrod and Fortenberry, 2017). There 

appears to be a lack of a clear clinical framework or tool to ensure that 

communication between hub and spoke is effective and accurate and this may 

contribute to the incidence of MAMI. The overrepresentation of patients who had 

MAMI after hours may reflect on the capacity of the “hub” to appropriately support 

the “spoke” during these times. 

 

The preponderance of MAMI in rural sites compared to metropolitan hospitals 

reflects the difficultly of practice away from a tertiary centre in the treatment of 

STEMI (Katzenellenbogen et al., 2012). Previous contributing reasons reported 

include the complex clinical presentation of ACS (Pride et al., 2012). The difficulties 

maintaining a viable clinical roster with scarce resources and potentially long 

distances remain a challenge in the rural and regional setting (Katzenellenbogen et 

al., 2012). Interpretation of complex ECGs when this is not the core clinician’s role or 

expertise remains challenging, although the availability of algorithm should minimise 

this (Savage et al.). Support for smaller facilities particularly in the evening and 

weekends is essential to improving the outcome of patient with STEMI in the rural 

environment and reduce the variation in clinical practice. It would be enticing to 
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speculate on the impact a centralised ECG reading service would have on rural and 

regional health districts. This approach needs to be tested in a prospective research 

trial. 

 

The small number of patients who have arrived by Ambulance to hospital and 

subsequently had MAMI may reflect an important protective role that the Ambulance 

service plays in the early detection and subsequent treatment of STEMI(Savage et 

al., 2014). Similar reductions in mortality and enhanced service delivery have been 

noted by other Ambulance services who have become involved in STEMI 

management (Mannsverk et al., 2017). 

 

2.7 Limitations 

 

This is an observational study on a sample of patients with data collected from a 

variety of sources, therefore the denominator of missed MI cannot be accurately 

ascertained. However, all potential data sources were utilised to minimise missing 

relevant patients. Data obtained from medical record review carries limitations as it is 

reliant on the accuracy and interpretation of documentation of care. The MAMI group 

was a relatively small sample so statistical comparisons need to be interpreted with 

caution. 
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2.8 Conclusion 

 

MAMI results in increased mortality, longer LOS, and higher rate of hospital 

readmission. The most common contributing factors are failure to correctly interpret 

the ECG and diagnostic difficulty. MAMI occurs more in smaller rural hospitals. 

Future effects should be directed toward preventing MAMI. 
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Chapter 3: 

Factors associated with Femoral Vascular complications following 

cardiac catheterisation 

 

This chapter is published as an original research article in the peer reviewed journal 

British Journal of Cardiac Nursing. The final Word version is included here, with 

references included at the end of the thesis. A PDF version of the publication is 

included in the Appendices. 

Citation: Williams T, Khan A, Savage L, Condon J, Boyle A, Collins N, Inder K. 

Femoral vascular complications following cardiac catheterisation. British Journal of 

Cardiac Nursing 2018 Vol 13, No 12. https://doi.org/10.12968/bjca.2018.13.12.593 

 

3.1 Preamble 

 

This chapter identifies risk factors for the development of femoral vascular 

complications. This complication is a significant source of adverse health outcomes 

in a cardiology setting. This study sought to identify those patients at higher risk of 

developing this complication. 

 

The research methods including, detection of at risk populations, data linkage 

systems and data collection methods, implemented in study 1 (Chapter 2) prompted 

https://doi.org/10.12968/bjca.2018.13.12.593
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further investigation into a significant contemporary cardiac issue of femoral vascular 

complications. Accurate data registries of complications are recommended by 

guidelines and consensus statements from leading bodies to improve care (Klein et 

al., 2011). Implementing routine data systems can be challenging and continue to be 

of upmost importance to facilities. 

 

Bleeding complications, including vascular complications have significant impacts on 

morbidity and mortality outcomes of patients. Femoral vascular complications are a 

significant contributor to bleeding complications and as a consequence significantly 

impact on poor health outcomes in patients undergoing investigation and treatment 

for heart disease (Jolly et al., 2011b). 

 

While trans-radial access has emerged as the default method of arterial access, 

mandated by the leading guidelines, femoral vascular access is still the preferred 

method in many centres for structural disease programmes, for complex PCI 

intervention, and for cardiac catheterisation. Establishing methods of detection of 

femoral vascular complications remains relevant for the contemporary clinical 

workforce. Increasing knowledge of risk factors of potential adverse health outcomes 

will help inform clinical practice and hospital policy for all centres. 

 

This study reviews the risk factors in the development of major femoral complications 

in a contemporary, consecutive cohort of patients using a case control design over a 
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five-year period. Findings suggest that gender, cardiovascular disease risk factors, 

and procedural factors remain important in the development of femoral vascular 

complications. 
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3.2 Abstract 
 

Aim: To examine factors associated with femoral vascular complications (FVC) 

following cardiac catheterisation. 

 

Methods: Using a case-control study design patients with a FVC (pseudoaneurysm 

or retroperitoneal bleed) were examined over five years. Multivariable logistic 

regression was used to determine associations with FVCs. Results are reported as 

adjusted odds ratios (AOR) and 95% confidence intervals (CIs).  

 

Results: Seventy eight (0.65%) patients experienced FVCs (mean age 65 

years, 50% female gender) Factors that increased odds of FVC were female 

gender (AOR 2.9, 95%CI 1.3-6.1), smoking (AOR 7.4, 95%CI 3.5-16), diabetes 

mellitus (AOR 7.5, 95%CI 3.4-16), hypertension (AOR 2.9 95%CI 1.2-6.9) 

anticoagulant medication (AOR 16 95%CI 5.5-45) elevated BMI (AOR 1.1, 95% 

CI 1.0-1.2), and use of vascular closure devices (AOR 3.4 95%CI 0.61-19). Use 

of a compression device reduced the odds of FVC (AOR 0.6, 95%CI 0.3–1.0). 

 

Conclusion: Gender, cardiovascular disease risk factors, and procedural factors 

remain important in the development of FVCs 
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3.3 Introduction 

 

Femoral vascular complications (FVCs) are an infrequent yet serious complication of 

cardiac catheterisation with significant morbidity, mortality and cost implications 

(Cox, 2008, Dencker et al., 2016, Yatskar et al., 2007). Each year, approximately 7 

million cardiac catheterisation procedures are performed internationally with a 

reported access site complication rate of up to 6% (Patel et al., 2010). FVCs range 

from the more minor complications including haematomas, through to the more 

clinically significant pseudoaneurysm and retroperitoneal bleed, which may have the 

greatest impact on bleeding and subsequent adverse events (Applegate et al., 

2008). 

 

3.3.1 Background 

 

Risk factors for FVC are well established and include female sex, older age, obesity 

and higher femoral artery puncture (Farouque et al., 2005). With the emergence of 

complex procedures in structural heart disease such as trans-catheter aortic valve 

replacement (TAVR), addressing issues pertinent to femoral vascular access and 

associated complications is timely and important.  

 

The increasing use of the trans-radial vascular access approach in particular, in 

addition to the use of fluoroscopic landmarks and vascular ultrasound, may reduce 

the incidence of FVC (Levine et al., 2011). However, some studies have shown the 

high uptake of trans-radial access has resulted in a higher proportion of femoral 

access complications in the patients who do have femoral access reported (Azzalini 
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et al., 2015). Knowledge of risk factors for these potentially significant clinical 

problems remains important for the contemporary nursing workforce. 

 

3.4. Aims 

 

The aims of this paper are to:  

 

1) Examine the risk factor profile of consecutive patients who sustain an FVC, 

defined as a pseudoaneurysm or retroperitoneal bleed, following cardiac 

catheterisation or percutaneous coronary intervention (PCI) at a large tertiary referral 

hospital. 

 

2) Describe the specific risk factors for femoral pseudoaneurysm and retroperitoneal 

bleeding groups. This will help to identify patients at increased risk of FVCs and 

identify strategies that may help to prevent FVCs.  

 

3.5 Methods and methodology 

 

3.5.1 Research design 

The study was performed using a case control design.  
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3.5.2 Study setting  

 

The tertiary referral centre used in this study is based in a region of New South 

Wales in Australia with a population of 910, 436 people. The cardiac catheterisation 

laboratory is staffed by 20 specialist nurses, as well as senior interventional 

cardiologists, fellows and training resident staff trainee doctors, undertaking 

approximately 2000 cardiac catheterisation procedures and 850 PCIs annually. 

 

3.5.3 Ethical approval 

 

The need for formal ethical approval was waived after review by the institutional 

human research ethics committee as it was a retrospective examination of registry 

data. 

 

3.5.4 Selection of cases  

 

Patients who sustain an FVC have clinical, demographic and procedural data 

recorded prospectively in a separate procedural complication registry. The authors 

reviewed all medical records of patients who underwent cardiac catheterisation or 

PCI using femoral artery access who had been diagnosed with an FVC over a 5-year 

period. All adults in the procedural complication register who experienced a 

retroperitoneal bleed or a pseudoaneurysm were used in this study as cases. The 

two databases were linked using three identifiers: sex; date of birth; and unique 

medical record number. This sample included all diagnostic cardiac catheterisation 
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procedures and PCIs performed over the study time frame including emergent 

cases. 

 

3.5.5 Selection of controls  

 

Details of consecutive patients who undergo cardiac catheterisation or PCI are 

prospectively recorded in a central database, including demographic, clinical and 

procedural data. The control group was randomly selected from the central database 

at a ratio of four controls to one case to increase statistical confidence. Controls 

were adults who had undergone coronary angiography or PCI using femoral artery 

access and did not develop an FVC.  

 

For the purposes of this study, FVC is defined as any patient who was diagnosed 

with a pseudoaneurysm or retroperitoneal haemorrhage using doppler ultrasound or 

computerised tomography after undergoing invasive assessment and treatment.  

 

3.5.6 Statistical methods 

 

Descriptive statistics are presented in counts and percentages for categorical 

variables, and means and standard deviation (SD) for continuous variables. 

Comparison of categorical variables was performed using the c2 test; and continuous 

variables using t-tests or Mann-Whitney U tests, depending on distribution. 
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Associations between demographic, disease-specific, procedural and medical 

management characteristics and FVCs were examined using binary logistic 

regression. Collinearity of variables in the model was checked using variance 

inflation factors, and linearity assumption for continuous variables and the log 

(outcome) were examined. Age and body mass index (BMI) were analysed as 

continuous variables; all other variables were analysed as categorical variables. 

Variables included in the model were selected based on clinical relevance, and 

model selection was performed to create the final model.  

 

Where necessary, because of the low number of patients who experienced an FVC, 

variables were removed if non-significant in adjusted modelling. The degree of 

association of each variable in the model was taken into account with the outcome 

and it was ensured that the inclusion or removal of each variable did not grossly 

affect either the fit of the model (measured by likelihood ratio test and Akaike 

information criterion) or the estimates for remaining variables. For outcomes with 

very low numbers, multivariate modelling was not performed. Crude and adjusted 

odds ratios (ORs), 95% CIs and Wald P-values are presented for the logistic 

regression modelling.  

 

The variables examined in the model included age, sex, BMI, diabetes, 

hypertension, smoking status, peripheral vascular disease (PVD), previous coronary 

artery bypass graft (CABG), cardiogenic shock, anticoagulant/anti-platelet 

medication, renal failure, vascular closure device and the use of a femoral 

compression device based on clinical significance. For this analysis, the authors 

adjusted for age and sex. Multivariate analyses were not performed to examine the 
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association of variables with retroperitoneal bleed/haematoma because the number 

of patients was small. All analyses were programmed using SAS v9.4 (SAS Institute, 

Cary, North Carolina, US). 

 

3.6 Results 

 

3.6.1 All femoral vascular complications: 

 

Within a total of 12, 005 procedures performed over a 5-year period, 78 patients 

sustained an FVC (0.65%). Characteristics of the sample who did and did not sustain 

an FVC are shown (Table 1). Fifty-five patients sustained a pseudoaneurysm, while 

23 experienced a retroperitoneal bleed/haematoma. Of this group of 78 patients, 

50% were male and the mean age was 65 years. Thirteen patients (16.7%) required 

surgery to manage their FVC. These cases were matched with 250 controls who had 

undergone a procedure using femoral vascular access and did not sustain a FVC. 

The mean age (SD) of the controls was 62 (±13) years; 61% were male. 

 

Baseline characteristics of the non-complication group to those who sustained an 

FVC (Table 3.1). BMI was higher in the FVC complications group than in the group 

without FVC complications (29.2 [SD ±5.9] vs 27.2 [SD ±3.9]; p<0.001). Those who 

sustained an FVC were more likely to have diabetes (14.8% vs 53.8%, p<0.0001), 

have hypertension (63.6% vs 82%, p=0.002) and smoke (31.6% vs 70.5% P<0.001). 

Patients who sustained an FVC had a higher mean blood pressure at the time of 

puncture than the non-FVC group (151 mmHg vs 133 mmHg p<0.0001). Those who 
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had been administered clexane within 12 hours of an arterial puncture were more 

likely to have an FVC than those who did not have a FVC (15.4% vs 0.8%, 

p<0.0001).  

 

The procedural indications within the overall patient sample were diversely 

distributed with no statistical significance (outpatient diagnostic cardiac 

catheterisation, 26%; inpatient cardiac catheterisation, 56%; rescue PCI 2.4%; and 

primary PCI 6.1%). A 6 Fr arterial sheath was used in 98% of cases, while intra-

aortic balloon pumps were used in 1.5% of patients. During the procedure, 

26 patients (7.9%) received abciximab and one (0.3%) received bivalirudin. Eighteen 

patients (5.5%) had a CABG procedure with no statistical difference between groups. 

A higher rate of vascular closure device use was found in the FVC group than in the 

non-FVC group (10.4% vs 2.8%, p=0.006). 
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Table 3.1 Characteristics of patients who sustained femoral vascular 
complication versus those who did not; n=328 

BMI: Body Mass Index; BP: Blood Pressure; CABG: Coronary Artery Bypass Surgery; PCI: 
Percutaneous Coronary Intervention; PVD: Peripheral Vascular Disease; SD: Standard 
Deviation 
 

Femoral Vascular Complications 

Characteristic 
No 

(n=250) 
Yes 

(n=78) 
Total 

(n=328) p-value 

Demographics     

Age in years (Mean, SD) 62 (13) 65 (14) 63 (13) 0.121 

Gender (Female) 90 (36%) 39 (50%) 129 (39%) 0.027 

CVD Risk Factors     

BMI (Mean, SD) 27.2 (3.9) 29.2 (5.9) 27.7 (4.5) 0.001 

Diabetes (Yes) 37 (14.8%) 42 (53.8%) 79 (24%) <0.0001 

Hypertension (Yes) 159 (63.6%) 64 (82%) 223 (68%) 0.002 

Smoker (Yes) 79 (31.6%) 55 (70.5%) 134 (41%) <0.001 

PVD (Yes) 26 (10.4%) 18 (23.1%) 44 (13%) 0.004 

Procedural factors     

Systolic BP on Puncture (Mean, SD) 133 (26) 151 (18) 137 (25) <0.0001 

Creatinine - Pre procedure (Mean, SD) 90 (21) 101 (57) 92 (34) 0.007 

Creatinine group (Normal <=104) 212 (79%) 55 (21%) 267 (81%) 0.005 

Inpatient Angiogram 136 (54.4%) 47 (60.4%) 183 (56%) 0.363 

Rescue PCI 3 (1.2%) 5 (6.4%) 8 (2.4%) 0.009 

Primary PCI 17 (6.8%) 3 (3.8%) 20 (6.1%) 0.341 

Previous CABG 14 (5.6%) 4 (5.1%) 18 (5.5%) 0.873 

Cardiogenic shock 10 (91%) 1 (9.1%) 11 (3.4%) 0.784 

Medical Management pre procedure     

Acetylsalicylic acid (ASA) 73 (29.2%) 68 (87.2%) 141 (43%) <0.001 

Clopidogrel 77 (30.8%) 37 (47.4%) 114 (35%) 0.007 

Pre Procedure Enoxaparin within 12hrs 
of procedure (No) 

2 (0.8%) 12 (15.4%) 14 (4.3%) <0.0001 

Warfarin within 24 hrs 0 6 (100%) 6 (1.8%) <0.001 

Haemostasis Method     

Closure device used  7 (2.8%) 8 (10.4%) 15 (4.6%) 0.006 

Digital Pressure removal 126 (50.4) 44 (56.3%) 170 (52%) 0.504 

Femoral compression device 117 (46.8%) 26 (33.3%) 143 (44%) 0.036 
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Using logistic regression analysis, the unadjusted results for the development of an 

FVC showed that being female (OR 1.8, 95% CI 1.1–3.0), having diabetes mellitus 

(OR 6.7, 95% CI 3.8–12), having hypertension (OR 2.6, 95% CI 1.4–4.9), being a 

current smoker (OR 5.2, 95% CI 3.0–9.0), having PVD (OR 2.6, 95% CI 1.3–5.0), 

having an elevated creatinine level (OR 2.3, 95% CI 1.3–4.2) and taking antiplatelet 

or anticoagulant medication (OR 8.6, 95% CI 3.8–20) significantly increased the 

odds of an FVC. A one-point increase in BMI was associated with a 10% increase in 

the odds of experiencing an FVC (OR 1.1, 95% CI 1.0–1.2). The use of a vascular 

closure device (OR 4.0, 95% CI 1.4–11) increases the likelihood of FVC but the use 

of a femoral compression device (OR 0.6, 95%CI 0.3–1.0) reduced the odds of an 

FVC. Age (OR 1.0, 95% CI 1.0–1.03) and previous CABG (OR 0.9, 95%, CI 0.3–2.9) 

were not associated with FVC in this sample (Table 3.2). 

 

After adjusting for age and sex (Table 3.2), results showed that women were three 

times more likely to develop an FVC than men (AOR 2.9, 95% CI 1.3-6.1), and that 

elevated BMI (AOR 1.1, 95% CI 1.0–1.2), diabetes mellitus (AOR 7.5, 95% CI 3.4–

16), hypertension (AOR 2.9, 95% CI 1.2–6.9), smoking (AOR 7.5, 95% CI 3.5-16) 

and taking anticoagulant or antiplatelet medications (AOR 16, 95% CI 5.5–45) 

increased the odds of FVC. The presence of an elevated creatinine level 

>104 mmol/litre (AOR 2.5, 95% CI 1.1–5.7) was also significantly associated with the 

development of vascular complications. The use of a vascular compression device 

during sheath removal reduced the odds of an FVC by 60% (AOR 0.4, 95% CI 0.2–

0.9). Age, cardiogenic shock and the use of a vascular closure device were not 

independently associated with FVC in this adjusted analysis. Because numbers were 

low, it was not possible to adjust for PVD and previous CABG in the analysis. 
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Table 3.2 Crude and adjusted odds ratios for development of femoral vascular 

access complication (retroperitoneal bleed or pseudoanuerysm) 

 
Unadjusted Adjusted 

Characteristic 
Odds 
Ratio 

95%CI 
Lower 

95%CI 
Upper 

Odds 
Ratio 

95%CI 
Lower 

95%CI 
Upper 

Age (in years) 1.0 0.99 1.0 1.0 0.98 1.0 

Gender (Female vs Male) 1.8 1.1 3.0 2.9 1.3 6.1 

Body Mass Index 1.1 1.0 1.2 1.1 1.0 1.2 

Diabetes (Yes vs No) 6.7 3.8 12 7.5 3.4 16 

Hypertension (Yes vs No) 2.6 1.4 4.9 2.9 1.2 6.9 

Smoker (Yes vs No) 5.2 3.0 9.0 7.4 3.5 16 

Peripheral Vascular Disease (Yes vs 

No) 
2.6 1.3 5.0 . . . 

Previous CABG (Yes vs No) 0.9 0.3 2.9 . . . 

Cardiogenic Shock (Yes vs No) 4.1 1.2 14 4.3 0.8 24 

Anti-coagulant/Anti-platelet medication 

(Yes vs No) 
8.6 3.8 20 16 5.5 45 

Creatinine Group (>104 vs Normal 

<=104) 
2.3 1.3 4.2 2.5 1.1 5.7 

Closure Device Used (Yes vs No) 4.0 1.4 11 3.4 0.61 19 

Femoral compression device (Yes vs 

No) 
0.57 0.33 1.0 0.40 0.2 0.9 

CABG: Coronary Artery Bypass Surgery 

 

3.6.2 Factors associated with the development of pseudoaneurysm 

 

Further analysis was undertaken to determine the risk profile of patients sustaining 

pseudoaneurysm and retroperitoneal bleed, adjusted for age and sex. The adjusted 

odds for pseudoaneurysm development (n=55) compared with patients who did not 

sustain a pseudoaneurysm were reported. For every one point increase in BMI, there 
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was a 10% increased odds of a pseudoaneurysm (AOR 1.1, 95% CI 1.0–1.2). 

Having diabetes mellitus (AOR 4.1, 95% CI 2.0–8.5), smoking (AOR 4.1 95%, CI 

2.0–8.5) or having peripheral vascular disease (AOR 3.3, 95% CI 1.3–7.9) and 

taking anticoagulant and antiplatelet medication (AOR 7.5, 95%, CI 2.8–20) were 

shown to increase the likelihood of pseudoaneurysm development. The use of a 

femoral compression device was shown to reduce the odds of vascular 

complications (AOR 0.4 95%, CI 0.2–0.9). 

 

3.6.3 Factors associated with the development of retroperitoneal bleed 

 

Demographics, disease-specific characteristics for patients who had a 

retroperitoneal bleed (n=23) compared with those who did not were examined. A 

logistic regression model was used to predict the likelihood of retroperitoneal bleed 

developing in this small group. The model considered sex, age, BMI, diabetes, 

smoking status, hypertension, PVD, previous CABG, cardiogenic shock, closure 

device used, femoral compression device removal, renal impairment, heparin dose, 

and anticoagulation and antiplatelet use.  

 

While the number of patients affected was small (n=23), in this model, sex and 

smoking significantly predicted the development of retroperitoneal bleed (P<0.05). 

Results indicated that male sex conferred a reduced risk of developing 

retroperitoneal bleed (AOR 0.28, p=0.17, 95% CI 0.10–0.80), while smoking (AOR 

4.7, p=0.005, 95% CI 1.56–13) was associated with the development of a 

retroperitoneal haemorrhage. 

 



Trent Williams: Student no.: 9806725 

134 

 

3.7 Discussion 

 

This study, conducted at a large regional tertiary referral centre, examined factors 

associated with the development of FVCs, specifically pseudoaneurysm and 

retroperitoneal haemorrhage following cardiac catheterisation and PCI. Female sex, 

elevated BMI, diabetes mellitus, the use of a vascular closure device, hypertension, 

smoking and renal impairment were associated with an increased likelihood of any 

FVC. For pseudoaneurysm development, high BMI, diabetes mellitus, smoking, 

peripheral vascular disease and anticoagulant use were shown to be contributors. 

For retroperitoneal bleed, female sex and smoking were risk factors in a small group 

of patients. 

 

The use of vascular closure devices was associated with an increased likelihood of 

FVC in this sample, while the application of a femoral compression device was 

shown to reduce the odds of FVC. A meta-analysis of randomised control trials, 

which included 4000 patients, showed closure devices may increase the risk of 

FVCs, with a caveat of poor methodological structure of some included studies 

(Koreny et al., 2004). A meta-analysis comparing vascular closure devices with 

manual compression involving 7,528 patients reported increases in FVCs with 

vascular closure devices in a low-risk group of people having cardiac catheterisation 

only (Biancari et al., 2010). Conversely, vascular closure devices have been shown 

to reduce the risk of vascular and bleeding complications, when used in combination 

with intraprocedure medication use such as bivalirudin (Marso et al., 2010). In a 

large, registry-based study of 1 522 935 patients undergoing PCI, vascular closure 
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device use and bivalirudin were associated with a significantly lower incidence of 

bleeding, particularly in a group with a high risk of bleeding complications. 

 

A further benefit of the use of vascular closure devices was shown in the reduction of 

bleeding including haematocrit loss (a marker for bleeding) in the PCI group. 

(Romaguera et al., 2012). Overall, 7,718 patients who had undergone PCI through 

femoral access were evaluated for FVCs and the consequent effect of the degree of 

blood loss on long-term mortality. Femoral closure devices were shown to be an 

independent predictor in a reduction in bleeding and FVCs. Definitive conclusions 

regarding the overall safety of vascular closure devices may be difficult to make 

without randomised control data comparing the variety of arterial closure methods in 

a large sample (Schulz-Schüpke et al., 2014). Given that experience with these 

devices in the management of vascular closure in structural heart disease 

procedures is increasing, continued improved results in their use could be 

anticipated in patients undergoing coronary interventions (Toggweiler et al., 2013). 

 

The risk factors for FVCs are well established and our results demonstrate that, 

despite advances in vascular access techniques, the profile of patients, especially 

women, at risk of such complications remains unchanged (Levine et al., 2011). As 

operators increasingly use trans-radial artery access for coronary procedures, 

resulting in less procedural experience in femoral artery access, and with the 

emergence of structural interventions requiring a large calibre sheath (using femoral 

access), femoral vascular complications remain clinically relevant. Recognition that 

patients with particular characteristics remain at a higher risk, despite presumed 
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awareness, should reinforce the need to direct approaches to minimise the likelihood 

of vascular complications.  

 

The data in this study are consistent with those in previous studies, confirming 

female sex is a strong independent risk factor in the development of FVCs (Piper et 

al., 2003, Tiroch et al., 2008, Farouque et al., 2005). Potential contributors to the 

increased risk noted in women (Farouque et al., 2005, Schnyder et al., 2001) 

includes a smaller diameter femoral artery, the underappreciated effects of 

oestrogen on arterial structures (Celermajer et al., 1994) and the effect of smaller 

body size compared with males, which may impair recognition of standard landmarks 

that may make arterial puncture more problematic (Farouque et al., 2005). In 

addition, female sex in combination with smoking and its reduction in the thickness of 

the arterial walls, is thought to be implicated in the development of FVC (Suggs et 

al., 2013). 

 

This sample suggests that a higher BMI is associated with the development of FVC. 

Previously published literature has demonstrated that obesity and a high body 

surface area or BMI are significant risk factors in the development of an FVC (Ates et 

al., 2006, Kassem et al., 2013). Compared to a trans-radial approach, the femoral 

approach has a significantly higher incidence of procedural-related morbidity, related 

to bleeding and vascular complications in the high BMI group for cardiac 

catheterisation and PCI (Hibbert et al., 2012). The present study supports the need 

for continued vigilance among nursing staff, even in the trans-radial era, in identifying 

patients who undergo cardiac catheterisation with a high BMI as a high-risk group.  
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Hypertension is an important patient-related risk factor for the development of an 

FVC. This may relate to the presence of hypertension at the time of arterial puncture 

as well as a documented history of hypertension (Cox et al., 2004, Popovic et al., 

2010, Ricci et al., 1994, Tiroch et al., 2008). Measures to prevent hypertension at the 

time of vascular access, such as pharmacological approaches to sedation and blood 

pressure management, are important. Renal insufficiency—even when mild—has 

been shown to be a risk factor in the development of vascular complications 

(Applegate et al., 2008, Tiroch et al., 2008). The association of renal impairment with 

vascular complications may be attributed to several clinical factors, including the 

likely platelet and arterial walls changes that patients with uraemia exhibit; or renal 

impairment may be associated with comorbidities associated with bleeding 

complications (Prada-Delgado et al., 2012). This dataset supports previously 

described research findings (Osten et al., 2008).  

 

This study shows a significant association between the use of combination 

anticoagulant including the use of heparin, oral anticoagulants, GP IIb/IIIa inhibitors 

and the incidence of FVCs. The use of GP IIb/IIIa inhibitors has previously been 

shown to be an independent risk factor in the development of both bleeding and 

FVCs in several studies (Horwitz et al., 2003, Tiroch et al., 2008). This study 

population was varied in terms of acute and outpatient populations and the 

subsequent use of GP IIb/IIIa inhibitors can be considered low.  

 

Furthermore, in patients considered to be at high risk, vascular access procedures 

may be carried out by a more experienced operator, thereby reducing the risk 

associated with aggressive antithrombotic therapy (Ammann et al., 2003). More 
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experienced operators have been shown to have lower complication rates, and a 

higher procedural volume may be a protective factor in the development of 

complications (Levine et al., 2011); this could well be used to generate further 

hypotheses for future study, particularly in the realm of structural heart disease. 

 

The centre in this study relies on predominantly a 6 Fr arterial access system for 

cardiac catheterisation. While the sample of patients who received a larger size 

sheath is small, a larger sheath size has been shown to increase the likelihood of an 

FVC (Uhlemann et al., 2012). 

 

3.7.1 Strengths and limitations 

 

The main strength of this study is that the dataset consists of consecutive, 

prospectively obtained clinical data and allows vascular complications to be 

assessed in a diverse patient sample, including in people undergoing rescue PCI 

and treatment for cardiogenic shock.  

 

This study was a case control design so traditional limitations of unintentional bias 

and the difficulties of matching may be apparent in this sample (Mann, 2003)(Mann, 

2003). However, given that the outcome of FVC is relatively uncommon, this was the 

only feasible and efficient approach and may be helpful in generating hypotheses 

that can be tested using stronger designs. The data are from a single centre and the 

authors were not able to report the experience level of the operator undertaking 

vascular access as this was not routinely recorded. High experience level and 
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procedural volume has been associated with a reduction in FVCs in previous studies 

(Levine et al., 2011). 

 

3.8 Conclusion 

 

Several modifiable and non-modifiable risk factors are associated with the 

development of FVC, including being female, smoking and having a high BMI, 

diabetes mellitus or hypertension, as well as clinical issues such as anticoagulant use 

and renal impairment.  

 

While these risk factors are well established, the persisting increased risk 

experienced by these patients reflects the continued need for improvements in 

approaches to femoral vascular access. Continued vigilance around modifiable 

procedural aspects, including anticoagulation and haemostasis method, remain an 

important aspect of nursing care. 
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Chapter 4: 
 

A comparison of outcomes during a transition from femoral to radial 

access in patients presenting with ST segment elevation myocardial 

infarction 

 

This chapter comprises a manuscript submitted for peer review as an original 

research article to the International Journal of Nursing Practice. References are 

included at the end of the thesis.  

 

4.1 Preamble 

 
As chapter 3 demonstrated, femoral vascular access is a safe and widely used 

method for cardiac catheterisation and PCI. Femoral vascular access was the 

standard method of arterial access for patients undergoing cardiac catheterisation for 

a long period of time. The technical methods are well known and enhancements of 

methods to reduce femoral vascular complications were implemented, including 

fluoroscopy and ultrasound (Seto et al., 2010, Abu-Fadel et al., 2009, Gedikoglu et 

al., 2013).  

 

This chapter follows on from the previous study by further evaluating vascular 

access complications. This chapter explores the inpatient and long term clinical 

outcomes during the transition period from femoral to radial access and expands on 

the systems in place to review and detect adverse events. The institution examined 

in this study adopted the trans-radial approach, firstly in non-urgent patient cohorts, 
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than transitioned to the emergent STEMI population of patients. Internationally, there 

is an increased uptake of trans- radial access over the traditional femoral access.  

 

This chapter reports a real world examination of clinical factors and outcomes, and 

may be of high interest to staff from institutions who are contemplating a change in 

arterial access site. Given the burden of heart disease and the large number of 

cardiac catheterisation procedures performed around the world, a real world 

examination of the transition from arterial access methods in an acute patient group 

is timely and important. 

 

This study examines demographic, clinical, procedural, and outcome measures 

associated with patients presenting with STEMI who underwent acute Percutaneous 

Coronary Intervention via trans-radial or femoral access. Findings from this study 

highlight that transition from femoral to radial access in patients presenting with 

STEMI is a safe option, with reduced bleeding complications, reperfusion times and 

blood transfusions. This study supports the need for a contemporary nursing 

workforce to have knowledge of patient outcomes, particularly in regards to bleeding 

outcomes.  
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4.2 Abstract 

 

Aim To compare the health outcomes for patients presenting with ST segment 

elevation myocardial infarction (STEMI) undergoing primary percutaneous coronary 

intervention (PCI) using femoral access or trans-radial access. 

 

Design: A retrospective cohort study. 

 

Background: Internationally there is a trend towards the adoption of trans-radial 

access over femoral access due to well described benefits in reduced bleeding 

complications. 

 

Method: We assessed a consecutive cohort of patients presenting with STEMI over 

a four-year period. Univariate analyses were performed to examine the association 

of vascular access site with end point outcomes. The primary outcome was Net 

Adverse Clinical Events (NACE), a composite of 30-day mortality, 30-day 

readmission and in hospital bleeding events. Secondary endpoints were one- year 

mortality, one-year readmission and 30-day readmission for stroke. The STROBE 

checklist was completed. 
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Results: During the study period there were 552 STEMI patients, comprising 219 

who underwent PCI via femoral access and 333 (60%) via trans-radial access. 

Demographics were comparable in both groups. Body mass index was significantly 

higher in the trans-radial access group and prior hypertension, dyslipidaemia and 

prior CABG were significantly higher in the femoral access group. There were 

differences in NACE; femoral access had significantly higher 30-day mortality, higher 

transfusion rate, higher rate of bleeding, and higher one year mortality in the 

unadjusted analysis. After adjustment there was no statistical difference in endpoint 

outcomes. There was a reduced diagnostic ECG to device time in the trans-radial 

access group compared to the femoral access group. 

 

Conclusion: A transition from femoral to radial access in patients presenting with 

STEMI is a safe option with reduced bleeding complications, reperfusion times and 

blood transfusions.  
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4.3 Introduction 

 

Cardiac catheterisation is performed approximately seven million times across the 

world each year (Patel et al., 2010), and was traditionally performed via femoral 

arterial access (Azzalini et al., 2014). Trans-radial access (TRA) in cardiac 

catheterisation and percutaneous coronary intervention (PCI) has well described 

benefits in terms of reduced vascular complications, mortality, bleeding, and length 

of stay when compared to the traditional approach of femoral access (FA) (Tayeh 

and Ettori, 2014, Jolly et al., 2009, Agostoni et al., 2004, Cantor et al., 2011, 

Eikelboom et al., 2006, Brener et al., 2017, Jolly et al., 2011b, Ferrante et al., 2016). 

 

4.4 Background 

 

Vascular complications have been shown to be an independent predictor for 

increased morbidity and ischaemic events in patients undergoing PCI (Jolly et al., 

2009, Baklanov et al., 2013, Eikelboom et al., 2006, Rao et al., 2005). The 

advantages of using TRA over FA include the compressible, smaller calibre nature of 

the vessel which reduces the potential for bleeding complications, plus the benefits 

of early mobilisation and increased patient comfort (Agostoni et al., 2004, Cooper et 

al., 1999). Due to these advantages, the European Society of Cardiology has 

recommended TRA as the access site of choice for PCI (Roffi et al., 2016). 
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Barriers to the use of TRA in ST-segment elevation myocardial infarction (STEMI) 

include the more technically challenging nature of TRA for operators when compared 

to FA during the transition phase, a higher rate of failure to cross the culprit lesion, 

increased diagnostic electrocardiograph (ECG) to device times, increase in the 

proceduralist’s radiation exposure, and increased procedural time (Tayeh and Ettori, 

2014, Jolly et al., 2009, Hamon and Coutance, 2009, Dauerman et al., 2011). These 

barriers may lead to the under-utilisation of TRA in patients presenting with STEMI 

and may therefore have a negative impact on morbidity and mortality. Given the 

adoption of trans-radial access, documenting the experience of transitioning arterial 

access methods is of importance to the contemporary international nursing 

workforce. 

The importance of nurses recognising adverse events is now articulated in nursing 

position statements and guidelines (White et al., 2018). Nurses play a key role in 

understanding the causes of procedural complications and adverse events (White et 

al., 2018, Henneman et al., 2010), and the positive impact nurses have on 

enhancing patient outcomes in interventional cardiology is now well described 

(Leeper, 2004, Spruce and Butler, 2017) 

 

This study aimed to evaluate a single centre’s experience of transitioning from a 

traditional FA approach to a TRA approach in patients presenting with STEMI, in 

terms of bleeding complications, procedural parameters, 30-day and one year 

clinical outcomes. 
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4.5 Methods 

 

4.5.1 Study design and population 

 

A retrospective cohort study, using prospectively collected data from 552 

consecutive patients admitted to a large regional tertiary referral hospital following 

STEMI between January 1 2009 and December 31 2013 was undertaken. FA was 

the preferred access method in this hospital’s catheterisation laboratory until July 

2010. This centre transitioned to TRA after this period. 

 

4.5.2 Participants 

 

Consecutive patients aged 18 years and older, with a confirmed STEMI who were 

referred to the cardiac catheterisation laboratory for primary PCI. There were no 

exclusions.  

 

4.5.3 Measures 

 

Demographic characteristics (age and gender), cardiovascular disease risk factors, 

medications for cardiovascular disease, relevant procedural timing and clinical timing 

parameters were examined for association with the primary outcome. Total 

ischaemic time was measured from the time of chest pain onset to time of PCI. The 

primary outcome was defined as Net Adverse Clinical Event (NACE) which is a 

composite of death at 30 days, readmission at 30 days, and in hospital bleeding 
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events using the Bleeding Academic Research Consortium measure (BARC 2-5). 

Secondary endpoints were one- year mortality, one-year readmission and 30-day 

readmission for stroke.  
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4.5.4 Data sources 

 

Data was obtained by accessing available patient records and clinical databases. All 

admission related information was obtained from the hospital’s inpatient tracking 

systems. The patient’s cardiovascular risk factors and history were sourced from the 

patient’s medical records. Fluoroscopy times were sourced from the patient’s 

individual radiation record verified by a senior radiographer; the patient’s procedural 

time was obtained from the haemodynamic reporting system within the cardiac 

catheterization laboratory. Clinical data including diagnostic ECG to device time, 

procedural data, and vascular access were sourced from the hospitals prospectively 

maintained STEMI database. Mortality and hospital readmission data were sourced 

from the health district’s Cardiac and Stroke Outcomes Unit database, where data is 

linked from the NSW Register of Births, Deaths and Marriages quarterly. This 

prospectively collected and maintained registry data is automatically generated 

based on clinical coding and logging of patients in a retrievable database which 

enables contemporary collection of outcome data.  

 

Ethics approval was obtained from the Hunter New England Human Research Ethics 

Committee (AU 201807-12). The study was performed in accordance with the 

Declaration of Helsinki (Forster et al., 2001). 
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4.5.5 Statistical methods 

 

Data was cleaned and check for implausible errors and all analyses were 

programmed using STATA Version 14 (StataCorp LLC, Texas, USA). Descriptive 

statistics are presented by counts and percentages for categorical variables and 

means (standard deviation) or median (interquartile range) for continuous variables. 

Prevalence of outcomes are reported with 95% confidence intervals (CI). 

Comparison of categorical variables was performed using Pearson’s Chi squared 

test; for continuous variables t-tests or Mann-Whitney u tests were used, distribution 

dependant.  

 

Univariate and multivariate logistic regression analyses were performed to examine 

the association of vascular access location with end point outcomes. Crude and 

adjusted odds ratios with 95% CI are shown; statistical significance is set at p<0.05. 

The multivariate model was adjusted for age and gender and clinical variables where 

the p-value was <0.250 on univariate analysis. The adjusted odds ratios were 

calculated with adjustment for: ECG balloon time, age, gender, BMI (Body Mass 

Index), cardiogenic shock, prior PCI, prior Coronary Artery Bypass Graft (CABG), 

and baseline mean creatinine  

 

The number of STEMI patients undergoing primary PCI annually during the transition 

period and the corresponding proportion of the previously traditionally planned 

femoral approaches for PCI each year are reported. The cross over rate from TRA to 

FA is also be reported.  
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4.6 Results 

 

A total of 552 consecutive patients with STEMI were referred for primary PCI at 

the study centre from 2009 to 2013 of whom 219 patients (39.7%) had femoral 

arterial access and 333 had radial artery access. The mean age was 64 years 

(SD 12.56) and 73.6% were male. There were no demographic and medication 

differences between vascular access site groups. A significantly higher 

proportion of patients in the FA group recorded a history of hypertension, 

dyslipidaemia and previous coronary artery bypass surgery (CABG). The mean 

BMI was higher in the TRA group compared to the femoral access group (30.0 

vs 28.7 p=0.007). Smoking history, diabetes, prior myocardial infarction and 

prior PCI were similar in both groups. A profile of this cohort is detailed in Table 

4.1.  

 

The median diagnostic ECG to balloon time was significantly shorter in patients 

undergoing TRA compared to FA (87 min vs 98 min; p=0.003). The mean total 

ischemic time was higher in the TRA group (210 minutes (IQR 145-300) 

compared to the FA group (189 minutes (IQR 135-280), however the difference 

was not statistically significant (p=0.27). When comparing FA to TRA during this 

transition period there was a preference to use the more familiar FA in those 

patients with cardiogenic shock on arrival (16.4% vs 3.0% p< 0.001), and those 

requiring inotrope use (22.8 % vs 6.3 %, p=0.000). There was a 2.5% (n=14) 

crossover from radial access to femoral access, indicating unsuccessful radial 



Trent Williams: Student no.: 9806725 

151 

 

access due to uncontrollable patient factors such as arterial tortuosity, radial 

spasm or the inability to adequately position catheters for the diagnostic and 

interventional procedure. 

 

In terms of bleeding outcomes, the femoral access group included four 

computerised tomography scan confirmed retroperitoneal bleeds, one 

pseudoaneurysm and eight femoral haematomas. There were no vascular 

complications in the TRA group. There were significant differences in 

transfusion rates between femoral access and radial (9.1% vs 3.0% p=0.002).  
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Table 4.1 Baseline Characteristics of patients referred for primary PCI post 
STEMI by vascular access site 
 
Variable Femoral 

n=219 
Radial 
n=333 

p-value 

Demographics 
Age mean (SD) 63.7 (12.6) 64.6 (12.8) 0.401 
Male sex n (%) 248 (74.3) 158 (72.5) 0.644 
CVD risk factors and history 
BMI (kg/m2) mean (SD) 28.7 (4.3) 30.0 (6.1) 0.007 
Dyslipidemia n (%) 107 (48.9) 104 (31.3) < 0.001 
Hypertension n (%) 161 (73.5) 179 (54.4) <0.001 
Diabetes n (%) 48 (21.9) 85 (25.7) 0.313 
Smoking History n (%) 115 (52.5) 190 (57.2) 0.276 
Prior MI n (%) 44 (20.1) 55 (16.6) 0.290 
Prior CABG n (%) 13 (5.9) 3 (0.9) 0.001 
Prior PCI n (%) 17 (7.8) 39 (11.8) 0.130 
Regular CVD Medications 
Angiotensin-converting enzyme (ACE) inhibitors n (%) 55 (25.1) 63 (19.0) 0.086 
Beta blocker n (%) 31 (14.2) 39 (11.7) 0.399 
HMG-CoA reductase inhibitors (Statin) n (%) 44 (20.1) 69 (20.7) 0.858 
Acetylsalicylic acid n (%) 56 (25.7) 72 (21.7) 0.250 
Clinical procedural timing parameters 
Diagnostic ECG to device, minutes (median + IQR) 98 (75-120) 87 (63-117) 0.003#  
Chest pain to device time (median +IQR) 210 (145-300) 189 (135-280) 0.270# 
Clinical Parameters 
SBP on arrival  129 (29.1) 129 (22.1) 0.990 
Baseline Creatinine mean (SD) (μmol/L) 99.7 (36.5) 94.5 (33.2) 0.089 
Baseline Hb mean (SD) (g/L) 140.1 (18.6) 140.4 (16.2) 0.874 
Thrombolysis given (eg. Rescue PCI) n (%) 28 (12.9) 59 (17.7) 0.13 
Inotropes used n (%) 50 (22.8) 23 (6.9) < 0.001 
Cardiogenic shock on arrival n (%) 36 (16.4) 10 (3.0) < 0.001 
 

BMI: Body Mass Index; MI Myocardial Infarction BP: Blood Pressure; CABG: Coronary 
Artery Bypass Surgery; PCI: Percutaneous Coronary Intervention; SD: Standard 
Deviation: ACE: Angiotensin converting enzyme inhibitors; IQR: Inter Quartile Range; # 
Wilcoxon Rank Sum Test 

 

Important clinical procedural elements of cardiac catheterisation showed 

fluoroscopy dose (2571 mGy vs 2530 mGy, p=0.836), and contrast dose (195 

mls vs 189 mls, p=0.326) were similar in the TRA group compared to the FA 

group. There was no penalty in the transition phase of increasing procedural 

time in the radial group compared to the femoral access group (54.3 minutes vs 

55.4 minutes, p=0.608). Similar rates of Glycoprotein IIb/IIIa inhibitor usage 
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were noted between the two arterial access groups (FA 49.1% vs TRA 47.9% 

p=0.785). 

 

The unadjusted analysis of the primary endpoint showed that NACE was almost two 

times greater in the femoral group compared to the radial group (31% vs 18.9%, OR 

1.93 95% CI 0.91-2.38, p=0.001). The secondary endpoints showed a higher one-

year mortality in the femoral group compared with the radial group (14.2% vs 5.7%, 

OR 2.72, 95% CI 1.50 – 4.96, p=0.001). In the unadjusted analysis, there was a 

significant increase in 30 day mortality in the FA group compared to the TRA group 

(11.4 % vs 3.3%, OR 3.77 p=0.001). Refer to Table 4.2. 

 

NACE was almost one and half times greater in the FA group compared with the 

TRA group. When adjusted for the following variables: age > 75 years, gender, 

hypertension, BMI >25, diabetes, creatinine > 100, cardiogenic shock on arrival, prior 

MI, prior PCI, NACE was no longer significant (Table 4.2). The one-year readmission 

and 30-day stroke readmission rates were similar between access sites, this was no 

longer significant in the adjusted model. 
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Table 4.2 Logistic regression analyses for primary and secondary endpoints: 

Femoral access vs Trans- Radial access 

 Femoral  
n = 219 
n (%) 

Radial 
n = 333 
n (%) 

Unadjusted OR 
(95% CI) 

p-value Adjusted 
OR (95% CI) 

p-
value 

Primary Endpoint      
NACE 68 (31) 63 (18.9) 1.93  

(1.29 – 2.87) 
0.001 1.47 

(0.91 – 2.38) 
0.118 

Secondary Endpoints      
30 day 
mortality 

25 (11.4) 11 (3.3) 3.77  
(1.81 – 7.83) 

< 0.001 2.11  
(0.81 – 5.51) 

0.124 

30 day 
readmission 

34 (15.5) 47 (14.1) 1.12  
(0.69 – 1.80) 

0.647 1.21  
(0.70 – 2.09) 

0.500 

BARC 2-5 
bleed 

19 (8.7) 13 (3.9) 2.34 
(1.13 – 4.84) 

0.022 1.74  
(0.63 – 4.84) 

0.288 

1 year 
mortality 

31 (14.2) 19 (5.7) 2.72  
(1.50 – 4.96) 

0.001 1.74  
(0.83 – 3.70) 

0.145 

1 year 
readmission 

76 (34.7) 111 (33.3) 1.07  
(0.74 – 1.52) 

0.739 1.15  
(0.76 – 1.73) 

0.512 

30 day stroke 
readmission 

7 (3.2) 11 (3.3) 0.97 (0.37 – 2.53) 0.945 0.79  
(0.27 – 2.32) 

0.675 

NACE: Net Adverse Clinical Event; BARC: Bleeding Academic Research Consortium 

 

Trends during the study period in terms of the annual number of primary PCI cases 

following STEMI and the corresponding number of planned femoral approaches are 

illustrated in Figure 4.1. There is a reduction in the proportion of femoral cases from 

approximately 65% in 2009 to 25% in 2013, as radial access became the preferred 

arterial access method. Additionally, there was an increasing number of procedures 

performed during the study period. See Figure 4.1 
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Figure 4.1 (A) Total number of STEMI presentations to the facility (B) Total 
number of planned trans-femoral approaches to PCI 

 

 

Legend: There was an increasing number of procedures performed, with a corresponding decrease 
in the use of trans-femoral approach for PCI for STEMI patients 

 

4.7 Discussion 

 
This paper aimed to compare clinical outcomes following a change in arterial access 

route in a high - risk cohort of patients with STEMI undergoing PCI in a tertiary 

referral centre. The experience of institutional change of practice from FA to TRA is 

reported. The results indicate the benefits that can be achieved with this change in 

practice. The TRA approach offers advantages in clinical outcomes over the FA 

approach including reduced bleeding complications and transfusion rates, despite 

the operator’s preference for FA in more complex presentations. This benefit comes 

without penalty in the important clinical parameters of increasing contrast dose or 

procedural time. 
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The use of TRA has been associated with improved outcomes in terms of mortality, 

myocardial infarction, bleeding complications and vascular injury (Cantor et al., 2015, 

Brener et al., 2017, Ferrante et al., 2016, Jolly et al., 2011b). Similarly, the need for 

timely reperfusion in STEMI patients is definitively established and requires a time 

sensitive approach (Ezad et al., 2018, Khan et al., 2016). Of particular note, this 

dataset showed a reduced time from diagnostic ECG to device time in the TRA 

group. Two important caveats are, firstly the higher procedural acuity in the femoral 

group, illustrated by a higher rate of cardiogenic shock and inotrope usage, which 

may delay critical aspects of the procedure due to case complexity. Secondly, in the 

TRA era there was significantly more patients admitted under the paramedic initiated 

pre hospital ECG strategy which has shown benefits in reducing diagnostic ECG 

time (Savage et al., 2014) 

 

An important perceived barrier to the use of the TRA approach is the potential for 

increased procedure duration. The data presented is reassuring that TRA can be 

adopted without penalty in terms of procedural duration. Additional concerns 

regarding the use of TRA is the previously described increase in radiation screening 

times for radial access (Mercuri et al., 2011, Brueck et al., 2009, Hirshfeld Jr et al., 

2004). While there was an increase in fluoroscopy times in the radial group, this was 

not statistically significant, noting this metric reflects the radiation dose for the patient 

and not operator exposure. Operator exposure to radiation remains a significant 

issue for all cardiac catheterisation employees and the adoption of new techniques 

should include review of appropriate safety measures (Naidu et al., 2016). 
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There are clear benefits in reduced bleeding complications and reduced rates of 

transfusion in the radial access group, noting a higher rate of post thrombolysis 

patients in the radial access group. Post thrombolysis patients appear to benefit from 

radial access, reflecting favourable bleeding outcomes (Andò et al., 2016). From an 

organisational standpoint the benefits of utilising the radial artery in appropriate 

patients are important considerations.  

 

The crossover rate from radial access to femoral access in this group compares 

favourably to other published data (Azzalini et al., 2015). The operators had 

experience with radial artery access in non-urgent cases before transitioning to radial 

access in primary PCI following STEMI. This may have allowed increased 

proficiency under less acute conditions allowing operators to gain experience in 

radial access. Institutions contemplating a change in arterial access method should 

be reassured by this data. 

 

The strength of this dataset is that it reflects a prospectively collected real-world 

analysis of a change in vascular access approach in a high-risk, diverse patient 

group (Davies et al., 2017). The limitations of this dataset are that it is an 

observational study and therefore potential confounders of the relationship between 

vascular access route and outcomes of interest cannot be completely accounted for 

in the analysis, particularly during a transition period. There are limitations of using 

medical record data; for this study some information was sourced directly from the 
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patient and then recorded in the medical notes, which has previously been described 

as having potential inadvertent inaccuracies (Kaji et al., 2014). 

 

4.8 Conclusion 

 

A change in practice from femoral to radial access for patients admitted for STEMI 

who underwent emergency PCI experienced a positive impact during the transition 

period on transfusion rates and vascular complications. Previously documented 

concerns regarding significant increase in time to reperfusion and fluoroscopy times 

were not apparent in this study. STEMI presentations should not be considered a 

barrier to utilisation of TRA in centres contemplating a change of this important 

clinical parameter. 
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Chapter 5 

 

Nursing led ultrasound to aid in trans-radial cardiac catheterisation: A 

feasibility study 

 

This chapter comprises a manuscript submitted for peer review as an original 

research article to the Journal of Research in Nursing. References are included at 

the end of the thesis.  

 

5.1 Preamble 

 

The benefits conferred by radial arterial access were examined in the previous 

chapter. An innovative model of care was introduced to detect radial artery 

occlusion, an adverse event post cardiac catheterisation for patients undergoing 

radial artery access. The previous chapter articulated the clinical and organisational 

benefits conferred by trans-radial access in the transition phase of a change in 

arterial access method.  

 

With the emergence of trans-radial access there is an imperative to monitor the 

adverse events associated with the change in clinical practice. One of the emerging 

areas of research is the examination of radial artery occlusion after cardiac 

catheterisation. While radial artery occlusion does not have the prognostic impact of 

femoral complications, there are several important complications which may occur in 

trans-radial access. Radial artery occlusion, in most cases renders the radial artery 
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unusable, thereby requiring operators to use femoral access, conferring a higher risk 

to patients. 

 

The nursing workforce plays an important role in the care of patients undergoing 

cardiac catheterisation at all facets of the patient’s journey including the pre, intra, 

post procedure, and follow up care of patients (White et al., 2018). A nursing 

workforce equipped to monitor and record radial artery occlusion offers clinical 

benefits to the wider cardiology community. 

 

This chapter provides original research into the clinical feasibility of implementing a 

nursing-led program to measure radial artery diameter before and after cardiac 

catheterisation using ultrasound, in addition to identifying potential causes of 

complications. This chapter describes this key policy change within this clinical 

environment. This study is timely due to notable uptake of radial artery access in the 

widely performed cardiac catheterisation and PCI procedures. Knowledge of the key 

facets of this procedure and the subsequent clinical management issues that this 

study addresses are important and may be readily translatable and scalable to any 

cardiac catheterisation laboratory. 

 

The study presented in this chapter is a prospective cohort study of a consecutive 

patient group which assess radial artery occlusion, radial artery diameter and the 

feasibility of setting up this programme. 
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5.2 Abstract 

 

Background: Trans-radial access is increasingly common for cardiac 

catheterisation. Benefits include reduced bleeding complications, length of hospital 

stay and costs for the institution. 

 

Aims: To 1) Evaluate the clinical feasibility of implementing a nursing-led program to 

measure radial artery diameter before and after cardiac catheterisation using 

ultrasound, 2) Determine radial artery occlusion (RAO), 3) Determine risk factors for 

RAO and 4) Determine predictors of radial artery diameter. 

 

Method: A prospective observational cohort study design was used to collect 

imaging data on 100 consecutive patients undergoing cardiac catheterisation or 

percutaneous coronary intervention using radial artery access. Pre and post-

procedural radial artery diameter were measured using ultrasound undertaken by 

trained nurses. Logistic regression analysis was performed to determine risk factors 

for RAO and predictors of radial artery diameter with results reported as Odds Ratios 

(OR) and 95% confidence intervals (CI). 

 

Results: Nurse led ultrasound programmes are safe and feasible with no adverse 

events. A 4% (n =4) rate of occlusion was observed immediately following 

compression band removal from access site. A haemostasis device application time 
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of greater than 190 minutes was a predictor of RAO (OR 3.12 95% CI 0.31-31.1). 

Male gender and height were predictors for a radial artery diameter of >2.2mm. 

 

Conclusions: Trained nurses can safely lead the assessment of radial artery 

occlusion within a cardiac catheterisation laboratory to enhance planning and care, 

including the monitoring of compression times to reduce RAO. 
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5.3 Introduction 

 

Trans-radial access (TRA) for cardiac catheterisation has become an increasingly 

used method of arterial access in many centres throughout the world (Santos et al., 

2012, Masoudi et al., 2017, Fech et al., 2012). This has been driven by the well-

described benefits of TRA compared with trans-femoral access, particularly in 

patients undergoing percutaneous coronary intervention (PCI) (Dharma et al., 2017). 

The main benefits of TRA are the reduction of adverse bleeding events, vascular 

complications, decreased length of stay, improved patient comfort, and cost savings 

compared to a trans-femoral approach (Amin et al., 2017, Koutouzis et al., 2016, 

Jolly et al., 2011b). Given these benefits, the European Society of Cardiology has 

recommended TRA as the preferred access site for PCI (Roffi et al., 2016). 

 

Radial artery occlusion (RAO) following cardiac catheterisation and PCI occur in 

approximately 5% to 30% of patients (Beyer et al., 2013). Such complications can 

have a significant impact on patients undergoing this procedure (Uhlemann et al., 

2012). A major clinical implication of RAO is that the radial artery (RA) will be unable 

to be used for further procedures (Pancholy et al., 2012). Major contributors to RAO 

after cardiac catheterisation include anticoagulation use, compression device 

application time, and reduced arterial sheath size in comparison to the patient’s RA 

diameter (Saito et al., 1999).  
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A nurse led approach to ultrasound is widely described among other specialities, 

including renal, urology, and peripheral cannula teams (Oliveira and Lawrence, 

2016, Moore, 2013, Giles et al., 2015). There is evidence of the benefit of nurse led 

ultrasound initiatives in improving patient care, reducing complications, reducing 

hospital costs and promoting patient comfort (Steinwandel et al., 2017, Baumann et 

al., 2008). From a cardiology nursing perspective, a nurse led approach to the 

performance of ultrasound examination of arterial access has not reported within the 

literature. 

 

5.4 Aims 

 

This paper describes a single centre experience using a prospective observational 

cohort study design of a nursing-led model with four main aims: 1) to determine the 

feasibility of implementing a nursing-led ultrasound program to measure radial artery 

diameter before and after cardiac catheterisation; 2) to determine radial artery 

occlusion (RAO) rates; 3) to determine risk factors for RAO, and 4) to determine 

predictors of radial artery diameter. 

 

This study involved training specialist nurses to perform basic ultrasound 

measurements and quantify the radial artery diameter in the pre and post procedure 

phases of cardiac catheterisation. 
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5.5 Materials and Methods 

 

The study was conducted from 30th November 2016 to 21st December 2016. Ethical 

approval was obtained from the institutional human research ethics committees 

(AU201702-05). Verbal consent was obtained from all patients. The investigation 

conforms with the principles outlined in the Declaration of Helsinki (Rickham, 1964). 

 

5.5.1 Participants 

 

Consecutive adult patients who underwent a cardiac catheterisation or PCI (n=100) 

during the study period, using a radial artery approach in a regional tertiary referral 

centre; patients were not randomised. 

 

5.5.2 Inclusion and Exclusion criteria 

 

All patients undergoing cardiac catheterisation or PCI procedures using a radial 

artery approach were eligible for inclusion. Patients with ST-segment myocardial 

infarction (STEMI) were excluded as were patients where a trans-femoral approach 

was used for the procedure (n=26). Included within this group were (n=7) patients 

who had a crossover arterial access from radial to femoral access. In addition, ST 

segment myocardial infarction patients (STEMI) were excluded (n=19).  
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5.5.3 Research Design 

 

The study was performed using a prospective observational cohort study design.  

 

5.5.4 Study Setting 

 

The tertiary referral hospital used in this study is located in regional NSW Australia. 

The referral base is approximately 131,785 square kilometres with a population of 

950,000 people on the east coast of Australia. The cardiac catheterisation laboratory 

is staffed by senior interventional cardiologists, fellows and training resident staff, in 

addition to nursing, radiography and cardiac technical staff. This cardiac 

catheterisation laboratory performs approximately 2200 cardiac catheterisations and 

PCIs each year, in addition to treating approximately 400 patients with STEMI each 

year (Khan et al., 2016). 

 

5.5.5 Protocol and Procedures 

 

Radial artery occlusion was defined as the absence of flow using doppler after 

undergoing invasive assessment and treatment. Radial artery diameter was 

examined to define sheath to artery ratio. 

 

Prior to commencement of the study routine ultrasound to quantify measurements of 

the radial artery prior to a procedure, were not current practice in this group of 
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patients. To undertake this study the following protocol using a standardised 

approach was conceived and developed by a clinical nurse specialist (TW) and 

reviewed by a professor of cardiology (AB). Four senior nursing staff employed as 

clinical nurse specialists were selected to undergo training in ultrasound 

measurements limited to radial artery diameter and flow dynamics. Staff were 

selected based on having more than 5 years cardiac catheterisation experience and 

post graduate qualifications in cardiac nursing. Initial training of the technique to be 

used by the specialist nurses was undertaken by a professor of cardiology with 

extensive experience in this area. Further training involved a review of current 

literature, training in the recording of information to ensure standardisation of data 

collection, and a didactic educational presentation.  

 

The specialist nurses were accredited to undertake the procedure when examination 

of the radial artery diameter and patency were accurately recorded against a known 

radial artery assessment result. To ensure accuracy of performance of the 

ultrasound, inter-observer reliability assessments were undertaken during this 

training period, assessed using “percentage of agreement”. All trained specialist 

nurses achieved the required 90-95% to establish inter observer reliability (Burns, 

2014). Once inter-observer reliability was achieved on 20 patients, the trained nurse 

specialist commenced independently measuring and recording the radial artery 

diameter. Patency flow images were recorded immediately before the procedure-and 

after haemostatic device removal post procedure. Images that indicated RAO were 

reviewed by the interventional cardiologist on duty during the training period. 
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Trained specialist nurses who performed the ultrasound were rostered in the pre 

procedure and recovery areas of the catheterisation laboratory to avoid any 

disruptions to work flow. Prior to cardiac catheterisation all patients had an 

ultrasound performed to the radial artery using the Sonosite S-ICU machine using a 

10 hertz probe (Sonosite Inc, Bothell USA) by the trained nurses. Longitudinal and 

cross sectional images were obtained for each patient. An arm board was used on 

each patient for bracing hand extension to ensure consistent angle of measurement. 

The diameter of the radial artery (RA) was obtained by measuring one centimetre 

proximal to the styloid process and then measuring internal diameter of the RA. 

Calliper measurements were performed and images were stored. The longitudinal 

view was then obtained and doppler flow was assessed to determine artery flow post 

procedure recorded in this view to the mid-forearm. Radial artery measurements 

were recorded in millimetres.  

 

Radial artery access was obtained by the attending proceduralist, which included 

senior interventional cardiologists, interventional fellows and training cardiologists. 

Lidocaine 1% was administered prior to radial artery sheath insertion. Patients 

routinely received intra-arterial glyceryl trinitrate and heparin with varying doses 

depending on the proceduralist’s preference. The arterial sheaths were removed 

from all patients immediately post procedure. Haemostasis was achieved using a 

commerically available radial haemastasis device.  

 



Trent Williams: Student no.: 9806725 

169 

 

Ultrasound measurements were repeated following haemostasis device removal 

undertaken by the same trained nurses who took the pre-procedure measurements. 

No adverse events related to the ultrasound procedure were recorded in this group 

of patients. Ultrasound equipment is easily accessible in most cardiac catheterisation 

environments. The training and supervision of nurses allowed easy adoption of this 

low risk, non-invasive adjunct to patient care. 

 

5.5.6 Other Measures 

 

Demographic information, cardiovascular disease risk factors and medical 

management information were obtained by accessing patient’s medical records. The 

procedural time, procedural characteristics and radial artery measurements were 

obtained from both the patient’s medical records and the haemodynamic reporting 

system within the cardiac catheterisation laboratory. Admission related information 

was obtained from the hospital's inpatient tracking systems. Variables were selected 

according to clinical relevance. Data was stored on a password protected database.  

 

5.5.7 Statistical methods  

 

All statistical analyses were programmed using SAS v9.4 (SAS Institute, Cary, North 

Carolina, USA). Baseline descriptive statistics are presented by counts and 

percentages for categorical variables and means (standard deviation) or median 

(min, max) for continuous variables. Based on medium effect size and predictor 
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variables and 80% power the required sample size to detect population associations 

is approximately n=98 using 0.05 significance level tests.  

 

Logistic regression was performed to determine the factors associated with RAO 

(yes or no) following cardiac catheterisation. The variables examined in the model 

selected on clinical relevance were sex (male vs females), age (categorised as 

greater than 65 years or less than or equal to 65 years) and obesity (BMI > 25). 

Procedural data included anticoagulant dosage of Heparin, the dosage of sedation, 

the number of punctures, sheath to artery ratio of >1, presence of RA spasm, radial 

diameter <2.2mm, TR application time of > 190 minutes and procedural length >30 

minutes. 

 

Logistic regression was performed to determine factors associated with radial artery 

diameter of 2.2mm or greater based on the mean diameter of the patient group. 

Variables examined in this model were sex (male or female), age (greater than 65 

years or less than or equal to 65 years), Body Mass Index (BMI) greater than 25 or 

less than or equal to 25, current smoker (yes or no), diabetes (yes or no), 

hypertension (yes or no), dyslipidaemia (yes or no) and systolic blood pressure 

(greater than 140mmHg). Height was dichotomised based on the mean height of 

1.72 metres (less than or equal to 1.72 metres or above 1.72 metres) and weight 

was dichotomised based on the mean weight of 88kg (greater than 88kg or less than 

or equal to 88kg).  
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Results of the logistic regressions are reported as odds ratios (OR) or adjusted ORs 

(AORs) with 95% confidence intervals (CI). Statistical significance is set at p < 0.05. 

Due to the low number of patients with unfavourable procedural outcomes, only age 

and gender were adjusted for in the regression model. 

 

5.6 Results 

 

Of the 145 patients who underwent a cardiac catheterisation or PCI in the study 

period, 26 patients were excluded as a trans-femoral approach, including patients 

requiring cross-over to femoral artery access. Additionally, 19 patients with STEMI 

were excluded due to the time sensitive approach required for reperfusion therapy. 

Therefore there were 100 consecutive patients following TRA included in this study, 

and of these 4 patients (4%) experienced an in-hospital RAO. Patient demographic 

information, risk factor status, procedural characteristics, medical management and 

radial artery access data are summarised in Table 5.1. The mean age of the group 

was 64 years, and 71% were male; 78% were overweight (mean BMI 29.3, SD 6.4). 

This patient group had a background of significant coronary heart disease, including 

prior myocardial infarction (36%), prior coronary artery bypass graft (CABG) (11%) 

and aortic stenosis (15%). Cardiovascular risk factors included hypertension in 75% 

and a history of tobacco consumption in 62%. 
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Table 5.1: Characteristics of consecutive patients undergoing trans-radial 

access for coronary catheterisation or percutaneous coronary intervention 

(n=100) 

Variable Characteristic Characteristic n (%) 

Demographics 

Sex Male 71 (71%) 

Age in years mean 63.7  

Height  mean (SD) 172 (10.1) 

Weight  mean (SD) 88.3 (21.8) 

Body Surface Area Metres2 2.02 (0.29) 

Cardiovascular Disease Risk Factors 

Hypertension (>140mmHg) Yes 75 (75%) 

Dyslipidaemia Yes 70 (70%) 

Diabetes Yes 40(40%) 

Body Mass Index Mean (SD) 29.3 (6.4) 

Creatinine mean 87.5 

Smoking Current 40 (40%) 

Ex- smoker 22 (22%) 

Previous cardiovascular disease Prior AMI 36 (36%) 

Prior CABG 11 (11%) 

Aortic stenosis 15 (15%) 

PVD 1 (1%) 

Procedural Characteristics 

Cardiac Catheterisation Outpatient 32 (32%) 

Inpatient 25 (25%) 

Percutaneous Coronary Intervention Outpatient 11 (11%) 

Inpatient 32 (32%) 

Prior radial access Yes 14 (14%) 

Systolic BP at arterial puncture  mean (SD) 137.3 (24.2) 

Disease severity No coronary disease 9 (9%) 

Minor disease 29 (29%) 

Single or multi-vessel 
disease 

62 (62%) 

Number of catheters used  Median 3 (range 1-5) 

Upgrade 5Fr sheath to 6Fr Sheath Yes 5 (5%) 

Medical Management pre/intra procedure 

Intra-arterial glyceryl trinitrate usage  100 (100%) 

Intra-arterial glyceryl trinitrate dose 100mcg 
150mcg 
200mcg 
250mcg 
300mcg 

20 (20%) 
19 (19%) 
54 (54%) 
1 (1%) 
5 (5%) 
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400mcg 1 (1%) 

Heparin dose (units) median 3000 

Fentanyl dose (mcg) median 25 

Midazolam dose (mg) median 1 

Prior Acetylsalicylic acid Yes 74 (74%) 

Prior Clopidogrel Yes 43 (43%) 

Radial artery access specifics  

Spasm Yes 4 (4%) 

Initial amount of air in radial 
compression device (ml) 

mean 13.2 (1.1) 

Procedure time (minutes) mean 34 (17.5) 

Hydrophilic wire use Yes 6 (6%) 

TRA Pre Diameter (mm) mean 2.20 

TRA Post Diameter (mm) mean 2.47 

Radial artery occlusion Yes 4 (4%) 

Forearm complication requiring 
admission 

Haematoma  
Dissection 

1(1%) 
1(1%) 

BMI: Body Mass Index; BP: Blood Pressure; CABG: Coronary Artery Bypass Surgery; PCI: 
Percutaneous Coronary Intervention; PVD: Peripheral Vascular Disease; SD: Standard 
Deviation 

 

Diagnostic cardiac catheterisation was performed more commonly than PCI (57% vs 

43%), with right radial artery (91%) and 6 French sheaths (78%) favoured in the 

majority of patients. Most patients required a single site of vascular access, with 7% 

requiring cross-over to femoral artery access who were subsequently excluded from 

this study. Pre or intra-procedural sedation (fentanyl and midazolam) was used in 

71% of cases, with 29% receiving no sedation, only local anaesthetic. Reassuringly 

on 94% of occasions, arterial access was achieved on the first puncture. The mean 

duration of the radial compression device band application was 211 minutes (SD 

76.6 minutes) which was more than the protocol recommendation of 180 minutes, 

with a difference noted depending on patient location following the procedure. Higher 

acuity areas such as Coronary Care, recorded lower compression times than the 
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less acute cardiology medical wards. Procedural characteristics are outlined in Table 

1. 

The mean initial radial artery measure was 2.20mm. A total of 53 patients had a 

radial artery diameter measure of greater than 2.20mm. There was a mean increase 

in radial diameter from 2.20mm in the pre procedural measurement compared with 

2.47mm in the post procedural measurement (p=0.005). On univariate analysis a 

haemostasis device application time of greater than 190 minutes increased the odds 

of development of RAO (OR 3.12, 95% CI 0.31-31.1 p=0.007) in this group of 

patients. Due to the small number of patients with RAO further significant 

associations were unable to be determined and therefore multivariate analysis was 

not performed.  

 

Logistic regression was undertaken to determine the predictors of radial artery 

diameter of greater than 2.20mm, adjusting for age and sex. This showed male 

gender (AOR 4.54, 95%CI 1.76 – 11.7 p=0.02) and height of greater than 1.74m 

(AOR 2.91, 95%CI 1.29 – 6.57 p=0.01) were significant predictors of increased radial 

artery diameter in this patient group. 
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5.7 Discussion 

 

This study aimed to determine the clinical feasibility of implementing a nursing-led 

program to measure RA diameter before and after coronary intervention procedures, 

to determine RAO rates, risk factors for RAO and predictors of RA diameter. The 

results suggest that a nurse led model of using ultrasound to measure diameter of 

the radial artery is safe and feasible with no adverse events associated with the 

implementation of this programme reported. It offers valuable clinical data to assist in 

detecting early RAO and enhancing patient care in a cardiology setting. 

 

Nursing led performance of pre and post procedural ultrasound measurement and 

colour doppler flow utilisation in a cardiac catheterisation environment has not been 

previously described in the literature to our knowledge. Nursing staff are important 

elements in the early detection of procedural complications and are a key element in 

interventional nursing standards (White et al., 2018). This research addresses a 

previously underreported complication from a nursing perspective, and this 

innovative approach can be easily and safely adopted in any cardiac catheterisation 

laboratory, offering a valuable adjunct to clinical care. 

 

The RAO and vascular complication rates were relatively low (4%), which is 

comparable to previously published data on RAO (Kotowycz et al., 2014, Uhlemann 

et al., 2012). While the complications related to RAO do not have the prognostic 

implications of femoral access complications, RAO may result in pain, readmission, 
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the need for surgery, and will prevent future radial artery access (Pancholy et al., 

2016). Nursing adoption of any measures that can reduce RAO is timely and 

important. 

 

The utilisation of ultrasound measurements and colour doppler may translate to a 

range of clinical benefits. The optimisation of patient selection for radial artery 

approach for cardiac catheterisation and PCI, particularly for patients perceived to be 

at higher risk of radial artery access failure. Equipment selection may also be guided 

by ultrasound derived radial artery diameter prior to attempted arterial access 

(Chugh et al., 2015). For example, appropriate sheath and catheter size may be 

more accurately selected, allowing for improved patient centred procedures and 

potential reduction in access site injury. Evidence suggests that ensuring a ratio of 

the radial artery internal diameter to external sheath diameter greater than 1 may 

reduce the incidence of RAO (Saito et al., 1999). Avoidance of vessel trauma may 

limit the risk of radial artery spasm and reduce the rate of crossover from TRA to 

trans-femoral access (Beyer et al., 2013). 

 

The thrombotic mechanism of RAO ensures that both anticoagulation dose and 

compression time remain important considerations of TRA (Goswami et al., 2016). A 

Heparin dose of 5000 units maybe protective of RAO while it has been well 

established that lower doses may be predictive of RAO (Bazemore, 2005). Arterial 

occlusion and time to haemostasis remains a pertinent issue for interventional 

nursing staff delivering post procedural care (Fech et al., 2012). Increased 
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compression time has been demonstrated to be a significant contributor to RAO 

resulting in future inability to utilise TRA (Kiemeneij and Boink, 2016). Solutions to 

reduce haemostasis time include; patent haemostasis which refers to allowing 

controlled radial artery bleeding after sheath removal, and allowing antergrade blood 

flow which avoids occlusive compression. This can be confirmed by 

plethysmography or alternatively if bleeding occurs (Wilson et al., 2017). Our data 

showed that compliance with the compression time could be improved. It maybe 

enticing to speculate that our RAO rate could be improved with improved protocol 

adherence. This would be a useful area of further research by collaborating with 

other centres. 

 

There is emerging data supporting ulnar artery occlusion (allowing increased flow 

through the radial artery via antergrade flow) which has been demonstrated to 

reduce RAO immediately post procedure (Koutouzis et al., 2016), and at 30 days 

(Pancholy et al., 2016). This advanced technique can be adopted in those centres 

seeking to reduce the incidence of RAO. As nursing is predominantly responsible for 

the care of the TRA site post procedure, increasing nurses’ knowledge of RAO has 

practical clinical benefits, and maybe an area for further nursing led research. Data 

collected in this study showed higher compression times in less acute wards. 

Continued vigilance by cardiology nurses around adherence to, or development of 

protocols designed to reduce RAO through education, training, and research will be 

a positive step to RAO reduction. 
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One of the recognised complications of TRA is that the radial artery is prone to 

spasm causing tight vascular constriction, pain, loss of palpable pulse and transient 

entrapment of the arterial sheath and/or catheter (Ho et al., 2012). This study group 

showed a low radial artery spasm rate. Our study demonstrated high usage of intra-

arterial glyceryl trinitrate usage after sheath insertion and high usage of intra venous 

sedation. This may be associated with a subsequent quantified increase in radial 

artery diameter recorded post-procedurally and maybe linked to a reduced likelihood 

of radial artery vasospasm (Boyer et al., 2013). The use of sedation has been shown 

to reduce pain and anxiety, promote a more positive patient experience, and reduce 

radial artery spasm (Deftereos et al., 2013). An additional explanation for increased 

artery diameter recorded post procedure could include the effect of the sheath 

stretching the radial artery during the procedure (Dharma et al., 2017). 

 

The benefits of pre-procedure doppler imaging assessment of radial arteries to 

minimise sheath artery mismatch has been well described (Chugh et al., 2015). In 

this group of patients predictors of a higher radial diameter were being tall and being 

a male. The sheath to artery diameter plays a significant role in radial RAO with a 

clear association of smaller diameter sheaths producing less RAO (Saito et al., 

1999), (Dahm et al., 2002). In the era of chronic total occlusion and complex PCI , 

these procedures may require large access site catheters, and more specialised 

equipment to aid in the performance of these procedures (Galassi et al., 2014). The 

ability to accurately measure radial artery diameter becomes increasingly important 

to inform radial access (Seto et al., 2010). Specialised cardiac catheterisation nurses 

who perform ultrasound are well positioned to support this. 
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There are clearly described benefits of utilising ultrasound guided assistance to aid 

arterial access compared with palpation (Tang et al., 2014). These benefits centre on 

reducing multiple punctures and reduction in haematoma rate (Tang et al., 2014). 

Quantifying pre-procedural measurements of the radial artery diameter via 

ultrasound measurement is a useful planning tool (Chugh et al., 2015). Results 

should be incorporated into standard cardiac catheterisation admission 

documentation which may inform practice improvements and policy change for 

cardiac nurses. Further research for nursing may involve testing long the term 

impacts that this innovative change in nursing policy has on nursing job satisfaction, 

the nursing experience of translating this change into practice, and patient outcomes. 

 

5.8 Conclusion 

 

A nurse led approach to ultrasound in interventional cardiology is safe and feasible 

and offers a range of clinical benefits including pre procedural planning, allowing 

early identification of potential complications for patients who undergo radial artery 

access for cardiac catheterisation. This first step in establishing the safety and 

feasibility of this programme will lead to prospective nurse led trials in both inpatient 

and outpatient setting to determine efficacy and allow long term follow up of cardiac 

catheterisation patients. 

 



Trent Williams: Student no.: 9806725 

180 

 

5.9 Limitations 

 

The limitations of this study include that this is an observational study in a single 

centre with a small sample size. Patients were not randomised and the design 

lacked long-term follow-up and did not include primary PCI so definitive conclusions 

regarding the implications of ultrasound assessment in emergent cases cannot be 

made. From this study the feasibility of nursing-led ultrasound measurement pre and 

post cardiac catheterisation procedures has been established, however future 

research using a randomised controlled trial design is needed to establish efficacy 

and to build on these findings.  
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Chapter 6 
 

Contemporary trends in stroke complicating cardiac catheterisation 
 

This chapter comprises a manuscript submitted for peer review as an original 

research article to the Internal Medical Journal. References are included at the end 

of the thesis.  

 

6.1 Preamble 

 

The previous two chapters described the clinical impacts of trans- radial access with 

a focus on clinical outcomes and the introduction of an easily adoptable radial 

occlusion monitoring method. This chapter describes a study that examines the 

serious procedural complication of stroke within cardiology. This chapter focuses on 

the occurrence of this potentially disabling and catastrophic complication in the 

context of a number of changes within local and international interventional 

cardiology. An examination of patient outcomes and the key elements of adverse 

event detection is undertaken. 

 

Severe strokes have been reported by patients as having a similar viewed 

consequence as death, in addition to being the post procedural complication that is 

feared most (Pandit et al., 2014, Solomon et al., 1994). The diagnosis of stroke has 

immediate health consequences to patients and caregivers. Given the burden of 
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heart disease and stroke throughout the world, the high prevalence of cardiac 

catheterisation and the adverse immediate and long term effects of stroke, 

examining this issue makes an important contribution to the literature. 

 

This aim of this study was to determine the functional impact of post procedural 

stroke using the Modified Rankin Score, in the context of atrial fibrillation, procedural 

anti-coagulation and enhanced procedural complexity. The Modified Rankin Score 

measures the degree of disability and dependence after a stroke. Stroke post 

cardiac catheterisation is an infrequent, although serious, complication which has a 

significant impact on early and late mortality. Contemporary changes in procedural 

practice may predispose patients to an increased risk of post-procedural stroke. 

While the incidence of post procedural stroke has been reported as low, any 

exploration of this potentially catastrophic consequences is important. This study 

was undertaken in a noteworthy period within cardiology in the local district, during a 

period of transition from femoral to trans-radial access and the widespread use of a 

thrombectomy catheter in the treatment of STEMI. In addition, this period saw the 

introduction of a structural disease interventional programme, and a doubling of the 

STEMI activity within five years. 

 

This study demonstrates a stable annual incidence of stroke despite changing 

patterns of procedural practice. Stroke continues to confer an increased mortality risk 

despite advances in stroke therapy. Functional impairment was not significantly 

different between those with a history of atrial fibrillation compared to those without a 
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history of atrial fibrillation, offering mechanistic insight to the aetiology of stroke 

complicating cardiac catheterisation. 
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6.2 Abstract 

 

 

Background: Stroke remains an important complication of diagnostic cardiac 

catheterisation and percutaneous coronary intervention and is associated with high 

rates of in-hospital mortality.  

 

Aims: We sought to evaluate the incidence of stroke over a ten-year period and 

assess the long-term influence of stroke following cardiac catheterisation and 

percutaneous coronary intervention (PCI) on functional outcomes, based on modified 

Rankin score (mRS), and mortality. 

 

Methods: The study was performed using a case control design in a single tertiary 

referral centre. Patients were identified by correlating those patients undergoing 

cardiac catheterisation between October 2006 and December 2016 with patients 

who underwent neuroimaging within 7 days to identify possible cases of suspected 

stroke or TIA. 

 

Results: A total of 21510 patients underwent cardiac catheterisation during the study 

period. Sixty patients (0.28%) experienced stroke or TIA. Compared to control 

patients, those who patients who did experience cerebral ischaemic events were 

older (70.5 vs 64 years; p<0.001), with higher rates of atrial fibrillation, hypertension 

and diabetes mellitus. Stroke complicating cardiac catheterisation was associated 
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with an increased risk of readmission, with a significantly higher hazard of 

readmission for stroke noted. Despite minimal functional impairment based on mRS, 

stroke was associated with a significant risk of early and cumulative mortality. Stroke 

incidence remained stable over the study period despite changes in procedural 

practice. 

 

Conclusions: The incidence and functional severity of stroke remains low despite 

evolving procedural practice with a stable incidence over time despite changes in 

procedural practice, however, post-procedural stroke confirms an increased mortality 

hazard. 
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6.3 Background 

 

Stroke remains an important complication of diagnostic cardiac catheterisation and 

percutaneous coronary intervention with a reported incidence of 0.1% to 0.37% 

(Korn-Lubetzki et al., 2013, Dukkipati et al., 2004, Hoffman et al., 2011) and is 

associated with high rates of in-hospital mortality. Several novel risk factors have 

been implicated for stroke following cardiac catheterisation procedures, including 

increased rates of radial artery access, rotational atherectomy and aspiration 

thrombectomy (Hoffman et al., 2012, Jolly et al., 2015a, Jurga et al., 2011, 

Secemsky et al., 2019). In addition, the presence of an aging population with an 

increasing burden of atrial fibrillation (AF), further contributes to increased stroke risk 

in such patients undergoing diagnostic catheterisation (Chao et al., 2018). However, 

while stroke remains a feared complication of cardiac catheterisation, prevention and 

treatment of acute stroke has improved with the availability of novel anticoagulant 

agents, thrombolytic therapy and endovascular treatment.  

 

We aimed to evaluate the incidence and predictors of stroke over a contemporary 

ten-year period and assess the long-term influence of stroke occurring following 

cardiac catheterisation and percutaneous coronary intervention (PCI) on outcome. 

We also aimed to describe any changes in incidence and document the severity of 

stoke complicating cardiac catheterisation, particularly with reference to the effect of 

co-existing AF. 
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6.4 Methods 

 

6.4.1 Study design 

 

The study was performed using a case control design in a single tertiary referral 

centre. Patients were identified by correlating neuroimaging with those undergoing 

cardiac catheterisation. Patients undergoing cardiac catheterisation and PCI, 

incorporating primary and rescue PCI, performed between October 2006 and 

December 2016 were identified. Details of consecutive patients undergoing cardiac 

catheterisation and PCI were prospectively recorded in a central database, including 

demographic, clinical and procedural data. A complete list of neuroimaging 

performed during this same period was also obtained from the institutional central 

clinical database, including computed tomography (CT) and magnetic resonance 

imaging (MRI). These two cohorts were then cross-referenced using three identifiers 

(gender, date of birth and unique medical record number) to establish those patients 

who underwent cardiac catheterisation followed by neuroimaging within 7 days to 

identify possible cases of suspected stroke or TIA.  

 

Identified subject’s medical records were reviewed and clinical, demographic and 

procedural data were recorded prospectively in a separate procedural complication 

registry. Two neurologists provided independent adjudication to confirm stroke or TIA 

following cardiac catheterisation. Patients considered to have suffered stroke or TIA 

comprised the stroke group for statistical analysis. The control group comprised 

inpatients with a complete record of relevant co-morbid conditions prospectively 
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maintained on the institutional database and underwent cardiac catheterisation 

during the study period that did not develop cerebral ischemia post procedure. 

 

Outcome data was sourced from the institutional Cardiac and Stroke Outcomes Unit 

database, which has previously been described (Marsden et al., 2010) and included 

hospital readmission within 30 days, death in hospital, and all-cause mortality until 

censored at August 2017. In brief, the institutional database prospectively has 

recorded all cardiac and stroke admissions to public hospitals within the area health 

service (>98% stroke admissions) based on ICD codes since 1995 (Marsden et al., 

2010, Heller et al., 2000). Readmission with subsequent episodes of stroke or TIA 

were recorded to determine if procedural stroke places an individual at a higher risk 

of further cerebral ischaemic events compared to control population. 

 

Patient Modified Rankin scores (mRS) of the stroke group were extracted from 

medical records and from access to the institutional clinical stroke database. 

Procedural characteristics including indication for procedure, presence of 

cardiogenic shock, use of intra-aortic balloon pump (IABP) insertion, arterial access 

site and cross over rate, use of thrombectomy devices, anticoagulation/antiplatelet 

medication, number of catheters used, and procedural duration were recorded for 

those patients experiencing documented cerebral ischemia. 
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During this time frame, the cardiac catheterisation laboratory transitioned from 

predominantly femoral artery access for procedures (2006-2010) to predominately 

radial artery access (2010-2016). 

 

6.4.2 Statistical methods 

 

The baseline patient characteristics and procedural data of the post procedural 

stroke group and the control group are presented. Continuous variables are 

presented as means and medians utilising ANOVA. Categorical variables were 

presented as frequencies and percentages utilising Chi Square tests. In addition, a 

pre-planned subgroup analysis of stroke group patients was performed comparing 

those who had documented AF and those without previously documented AF.  

 

Stroke trends are presented using a segmented Poisson regression. Stroke trends 

were analysed in two periods, 2006-2010 a predominantly femoral arterial access 

era, and 2010-2016, when the institution transitioned to a predominantly trans-radial 

access centre. The immediate effect of years from 2010 and the long-term effect of 

admission year, with an offset by the number of catheterisations conducted in each 

year. Incident rate ratio (IRR), 95% confidence intervals and P values are presented. 

 

The recorded mRS on admission, discharge, and at 90 days was compared between 

subject groups experiencing stroke with and without a prior diagnosis of AF. These 

groups were compared using ordinal logistic regression with robust variance and 
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inverse probability of treatment weighting (IPTW) utilising age, year of admission, co-

morbidities, and pre-morbid mRS. Odds ratio (OR), 95% confidence intervals and p-

values are presented. 

 

Cox regression was used to model time from discharge to readmission and time from 

discharge to death. These patient groups were modelled adjusting for age, sex, year 

of admission, and the number of co-morbidities. This is presented as a cumulative 

incident function graph. 

 

Statistical analysis was conducted using SAS version 9.4 (SAS institute Inc., Cary, 

NC, USA).  

 

6.5 Results 

 

A total of 21,510 patients underwent cardiac catheterisation during the study period 

between October and December 2016. Sixty patients (0.28%) experienced stroke or 

TIA within 7 days of the index procedure. Of the entire cohort, 8352 (including 1573 

undergoing primary percutaneous coronary intervention for ST elevation myocardial 

infarction) underwent percutaneous coronary intervention, with 13,158 patients 

undergoing cardiac catheterisation alone. In patients undergoing cardiac 

catheterisation alone, the incidence of stroke and TIA was 0.24% (32/13158). The 

incidence of cerebral ischemia in patients treated with PCI was 0.34% (28/8352). 

Compared to control patients who did not experience cerebral ischemia (n=10,279), 
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those who did experience cerebral ischaemic events were older (70.5 vs 64 years; 

p<0.001), with higher rates of AF, hypertension and diabetes mellitus (Table 6.1). 

Stroke complicating cardiac catheterisation was associated with an increased risk of 

readmission, with a significantly higher hazard of readmission for stroke noted. 

Stroke was also associated with a significant risk of early and cumulative mortality 

(Figure 6.1). 

Table 6.1: Baseline clinical characteristics  

Variable Control patients 
(n=10279) 

Procedural 
stroke 
(n=60) 

P value 

Demographics 

Age mean (SD) 63.97 (12.8) 70.48 (10.4) <0.0001 

Male sex n (%) 6794 (66) 31 (52) 0.019 

Co-morbidities 

Prior Dyslipidemia n (%) 520 (5.1) 2 (4.2) 0.778 

Prior Hypertension n (%) 4079 (40) 47 (78) 0.0001 

Prior AF n (%) 744 (7.2) 17 (28) 0.0001 

Prior Diabetes n (%) 1731 (17) 15 (31) 0.008 

Prior chronic renal disease n (%) 625 (6.1) 6 (13) 0.064 

Smoking History n (%) 2363 (23) 9 (19) 0.486 

Prior Heart Failure n (%) 781 (7.6) 7 (15) 0.069 

Outcome measures    

Number of readmissions since procedure 

median (IQR) 

3 (1,6) 1 (0,4) <0.0001 

Days from discharge till first readmission median 

(IQR) 

90 (70,90) 90 (13,90) 0.084 

Stroke readmission n (%) 410 (5.9) 12 (20) <0.0001 

Inpatient Mortality n (%) 182 (1.8) 8 (13) <0.0001 

*Subsequent mortality n (%) 2092 (20) 27 (45) <0.0001 

 

AF - Atrial Fibrillation. IQR - Inter Quartile Range. SD - Standard Deviation.* Patient 
recorded as died at any time after discharge 
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Figure 6.1: Survival estimates of mortality in patients following cardiac 

catheterisation comparing post procedural stroke to absence of stroke. 

 

Relevant demographic and clinical variables in the stroke cohort are outlined in table 

6.2, with patients with a history of AF more likely to have documented previous 

cerebral ischemia. Of the patients experiencing cerebral ischemia in this cohort, 4 

were treated with thrombolytic therapy, 1 patient underwent endovascular therapy 
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with the remainder managed with medical therapy alone. No difference in rates of 

haemorrhagic stroke were seen between patients with and without a history of AF. 
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Table 6. 2: Clinical characteristics patients with stroke according to atrial fibrillation 

status 

Variable No prior AF 
status 
(n=43) 

Confirmed 
prior AF 
(n=17) 

P value 

Demographics 
Age mean (SD) 70.07 (11.1) 73.35 (8.34) 0.276 
Male sex n (%) 19 (44) 12 (71) 0.065 
Comorbidities and CVD risk factors 
Prior Dyslipidemia n (%) 16 (37) 8 (47) 0.483 
Prior Hypertension n (%) 34 (79) 13 (76) 0.826 
Diabetes n (%) 11 (26) 5 (29) 0.762 
Prior chronic renal impairment n (%) 5 (12) 1 (5.9) 0.504 
Current Smoker n (%) 9 (21) 6 (35) 0.247 
Ex-Smoker n (%) 12 (28) 2 (12) 0.183 
Prior stroke n (%) 9 (21) 5 (29) 0.484 
Prior TIA n (%) 0 3 (18) 0.005 
Prior Heart Failure n (%) 4 (9.3) 6 (35) 0.015 
BSA mean (SD) 1.87 (0.26) 1.86 (0.24) 0.287 
BMI (kg/m2) mean (SD) 29.17 (8.95) 24.96 (5.37) 0.075 
Prior MI n (%) 15 (35) 3 (18) 0.189 
Prior CABG n (%) 3 (7) 4 (24) 0.072 
Prior PCI n (%) 9 (21) 3 (18) 0.774 
Pre Morbid MRS mean (SD) 0.31 (0.87) 0.38 (1.02) 0.808 
Clinical and procedural characteristics    
Elective cardiac catheterization n (%) 15 (35) 6 (35) 0.976 
STEMI n (%) 16 (37) 2 (12) 0.053 
Post thrombolysis n (%) 3 (7) 0 0.263 
PCI n (%) 22 (51) 6 (35) 0.267 
Cardiogenic shock n (%) 4 (9.3) 3 (18) 0.364 
GP IIb/IIIa Inhibitor use n (%) 8 (19) 0 0.056 
IABP n (%) 2 (4.7) 0 0.366 
Trans-radial access n (%) 19 (44) 4 (24) 0.138 
Crossover trans-radial access to femoral 
access n (%) 

3 (7) 0 0.264 

Use of thrombectomy catheter n (%) 5 (12) 1 (5.9) 0.504 
Length of procedure mean mins (SD) 50.09 (32.34) 50.65 (22.67) 0.949 
Number of catheters used mean (SD) 2.35 (0.87) 2.24 (1.35) 0.700 
 

BMI - Body Mass Index; BSA - Body Surface Area; CABG - Coronary Artery Bypass 
Surgery; GP - Glycoprotein; IABP - Intra-Aortic Balloon Pump; MI - Myocardial Infarction; 
mRS - Modified Rankin Score; PCI - Percutaneous Coronary Intervention; SD - Standard 
Deviation; TIA - Transient Ischaemic Attack 
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Figure 6.2: Annual Incidence of Stroke Events after Cardiac Catheterisation 

2007- 2016 

No significant difference was seen in procedural annual stroke incidence over the 

study period which incorporated different eras reflecting transition from 

predominantly femoral to radial artery access (Figure 6.2). 

 

The presence of AF did not influence outcome in terms of readmission and 

subsequent mortality (Table 6.3). Functional impairment was low, with the majority of 

patients having mRS 0 at 90 days; there was no difference in mRS between those 

patients with and without AF at 90 days (Figure 6. 3). 
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Table 6.3: Stroke type and outcome measures by atrial fibrillation status  

Variable No prior AF  
(n=43) 

Confirmed 
prior AF  
(n=17) 

P value 

Stroke type    

Ischaemic stroke n (%) 29 (67) 13 (76) 0.491 

Hemorrhagic stroke n (%) 2 (4.7) 1 (5.9) 0.844 

Outcome measures    

Readmission status 

n (%)  

Alive and no 

readmission 

8 (19) 3 (18)  

 

0.990 Readmission 27 (63) 11 (65) 

Died 8 (19) 3 (18) 

Cardiac cause readmission n (%) 15 (35) 8 (47) 0.382 

Stroke cause readmission n (%) 9 (21) 3 (18) 0.744 

Inpatient mortality n (%) 6 (14) 2 (12) 0.822 

Post discharge mortality (%) 

 

17 (40) 10 (59) 0.176 
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Figure 6.3: Modified Rankin Score (mRS) assessed at 90 day follow up, 

including total patient group (A), those patients with prior atrial fibrillation (B) 

and those without atrial fibrillation (C) 

 

6.6 Discussion 

 

We report an incidence of 0.28% of stroke and TIA up to 7 days following cardiac 

catheterisation in a contemporary patient cohort, with a stable annual incidence of 

stroke or TIA despite evolving patterns of procedural practice. While functional 

disability following stroke in patients undergoing cardiac catheterisation is low, stroke 

(A) 
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following cardiac catheterisation was associated with important early mortality 

hazard despite advances in stroke therapy. AF was not associated with an increased 

risk of haemorrhagic stroke. Assessment of stroke severity using mRS suggested 

low rates of significant functional disability with no difference seen between those 

patients with AF and those maintained in sinus rhythm. This is in contrast to the large 

body of literature demonstrating worse stroke outcomes in those in whom the 

aetiology is AF (Tu et al., 2010, Jorgensen et al., 1996). This suggests that 

suggesting the aetiology of stroke following cardiac catheterisation is not a function 

of AF. 

 

While stroke is an uncommon complication of cardiac catheterisation, with a 

significantly lower incidence compared to coronary artery bypass graft surgery (Head 

et al., 2018, Devgun et al., 2018), it is associated with considerable morbidity and 

mortality. Stroke complicating percutaneous coronary intervention results in 

increased mortality risk (Dukkipati et al., 2004, Aggarwal et al., 2009), particularly 

when complicated by haemorrhagic stroke (Kwok et al., 2015), with in-hospital 

mortality rates up to 30% previously described (Aggarwal et al., 2009). Previous 

studies are consistent with our findings, and have suggested an annual stroke 

incidence of between 0.1% and 0.37%, noting this study included events up to 7 

days post procedure, a limitation of previous studies; increasing age, previous 

stroke, hypertension, diabetes mellitus, renal impairment and urgent procedures are 

associated with increased risk (Korn-Lubetzki et al., 2013, Dukkipati et al., 2004, 

Hoffman et al., 2011, Head et al., 2018, Kwok et al., 2015). The use of mechanical 

thrombectomy, rotational atherectomy, large calibre guide catheter use and 
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potentially the use of radial artery access have been implicated in increasing stroke 

risk (Hoffman et al., 2012, Jolly et al., 2015b, Jurga et al., 2011). The use of radial 

artery access has been associated with improved outcomes in terms of mortality, 

myocardial infarction, bleeding complications and vascular injury (Jolly et al., 2011b, 

Brener et al., 2017, Cantor et al., 2015, Ferrante et al., 2016). While there is 

observational data suggesting an increased propensity to cerebral emboli 

complicating radial access (Jurga et al., 2011), several large-scale series have 

suggested the radial approach is not associated with increased stroke risk, as 

reflected in this study (Ratib et al., 2013, Sirker et al., 2016a). In addition, multiple 

series have also reported an increase in incident stroke risk over time, attributed to 

patient complexity and co-morbidity, independent of vascular access site (Kwok et 

al., 2015, Raposo et al., 2015).This observation may in part reflect access to 

contemporary neuroimaging. This cohort did not demonstrate a significant change in 

stroke incidence despite the transition to radial artery access and despite any 

change in patient complexity and age encountered over time. 

 

The presumed mechanism of stroke in the post cardiac catheterisation cohort may 

offer prognostic value, with embolisation of atherosclerotic debris the presumed 

mechanism in the absence of AF (Devgun et al., 2018). Stroke complicating AF is 

reported to typically be associated with more extensive deficits (Jorgensen et al., 

1996, Tu et al., 2010), however, the mRS was not significantly different between 

patients with a background of AF compared to those without a history of AF. This 

implies a similar mechanism of stroke complicating cardiac catheterisation 

irrespective of underlying cardiac rhythm. This is supported by the observation of 
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similar prognosis of patients in this cohort experiencing cerebral ischemia 

irrespective of AF status. The mortality hazard seen in those experiencing previous 

cerebral ischemia, despite minimal functional impairment, may be a consequence of 

the extent of underlying atherosclerotic burden which may predispose to both peri-

procedural stroke and subsequent adverse vascular sequelae. 

 

Age is recognised as an important risk factor for both stroke complicating both 

cardiac catheterisation and AF (Aguilar et al., 2012, Chao et al., 2018), reflected in 

age being associated with higher likelihood of post-procedural stroke in this study. 

While patients with AF were more likely to have experienced a previous episode of 

cerebral ischemia, an increased the risk of adverse outcomes and neurological 

recovery was not noted in our cohort. 

 

Approaches to anticoagulation during cardiac catheterisation vary, with interruption 

to anticoagulation theoretically contributing to stroke risk in the peri-procedural 

period. Performing procedures using the radial approach, continuing anticoagulation 

and avoiding bridging may limit this risk. Our data suggest atheroemboli may be 

more likely to precipitate cerebral ischemia, with interruption of anticoagulation 

potentially less contributory to ischaemic events, in keeping with previously 

published randomised data (Douketis et al., 2015). 

 

This study is limited by the lack of detailed procedural data for the control cohort. 

While limited by the small number of events, reinforcing that procedural-related 
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stroke risk is low, it is difficult to confirm differences between those patients with and 

without AF.  

 

6.7 Conclusions 

 

The incidence of stroke in this contemporary patient cohort is low with a stable 

incidence over time and is associated with traditional cardiovascular risk factors. 

Despite previous concerns regarding stroke risk in the context of radial artery access 

and an increasingly complex, aging patient population, we did not observe a change 

in stroke incidence over time. The presence of AF did not influence the severity and 

outcome of procedure related stroke, offering mechanistic insights. While the 

incidence and functional severity of stroke complicating cardiac catheterisation 

appears low, post-procedural stroke nonetheless confirms an increased mortality 

hazard, indicating strategies to avoid procedure related stroke are important. 

 

 

 

 

 

 

 

 

 

 



Trent Williams: Student no.: 9806725 

202 

 

Chapter 7  

7.1 Conclusion and Future Directions 

 

The burden of heart disease is significant and the need to provide safe optimum 

evidenced based management to patients hospitalised with heart disease is 

imperative. Reviewing systems of care and enhancing research methods to improve 

health outcomes for patients undergoing investigations and treatment for heart 

disease remains important.  

 

The aim of this thesis was to investigate the outcomes obtained by a nurse led 

programme in identifying, managing and reporting major adverse events associated 

with cardiovascular nursing. This thesis had its genesis through an identified need to 

address a deficit in formal structured reporting and identification of adverse events 

following an admission to a large, tertiary referral hospital for heart disease, in a 

geographically diverse health district. This thesis has described the nature of 

adverse events in patients with cardiac disease, particular those undergoing invasive 

diagnostic and treatment procedures and outlines the potentially catastrophic 

consequences for the immediate and long term health outcomes of this patient 

population. This thesis has illustrated identifiable factors, both patient and non-

patient related, which are implicated in the aetiology of adverse events. 

Understanding these factors is crucial to inform clinical practice and policy 

development to improve patient outcomes. 
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The purpose of this final chapter is to synthesise the work presented, highlighting the 

relevant contributions of this thesis to the literature. Initially, the background of this 

thesis will be reviewed to outline the motives behind this body of work. The topics 

covered in this thesis can be translatable to similar institutions and health services 

with the aim of utilising routine clinical data collection and data linkage to document 

and monitor the nature of adverse cardiac procedural outcomes with the ultimate aim 

of improving care for people hospitalised with heart disease. 

 

The key findings of each area study will be summarised, the immediate contributions 

this work outlined, and the future directions of research will be discussed. 

 

7.1.1 Summary of aims and findings 

 

This thesis presented a series of studies designed to inform cardiology outcomes 

through the description of significant adverse events and changes in practice. By 

adopting this approach, this thesis (1) provided a review of the literature in regards to 

heart disease, acute coronary syndromes (ACS), interventional cardiology, and 

associated adverse health outcomes; (2) described the co-morbidity and risk factor 

profile of a diverse patient group with established cardiac disease; (3) examined the 

factors associated with adverse health outcomes; and (4) discussed the immediate 

and long-term health outcomes of adverse events in the context of change in 

practice  
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This wider purpose of this thesis was to contribute new knowledge to the body of 

literature in regards to the identification and outcomes of adverse events within a 

large tertiary institution serving a populous health district. This has been achieved by 

the exploration of major adverse events, changes to practice, and examination of the 

health outcomes in this group. This thesis is divided into 7 categories. The first 

section of the thesis contains an introduction, which provided a broad overview of 

heart disease, its management, clinical presentations, and potential adverse health 

outcomes associated with a presentation to hospital for heart disease. This was 

followed by five chapters, each providing contemporary data on patient outcomes 

using innovative models of examination into patient outcomes. This thesis, rather 

than using the rigid selection criteria seen in randomised controlled trials, provides a 

real-life examination of cardiology data in a diverse patient group undergoing usual 

care. 

 

The first study in this thesis “Missed Acute Myocardial Infarction (MAMI) in a rural 

and regional setting” described the high incidence of misdiagnosis of STEMI in 

smaller, rural hospitals with a consequent increase in mortality. This first study 

allowed for the development of systems to adequately investigate important clinical 

outcomes associated with cardiology, reflected in the subsequent papers contained 

within this thesis. This study allowed for real time morbidity and mortality data 

linkages to be populated, across an area the geographical size of England. This 

study examined demographic, clinical, ECG and organisational factors associated 

with patients presenting with STEMI who were eligible for reperfusion therapy but did 

not receive timely treatment in a rural and regional area, comparing this to outcomes 
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in major regional referral centre. The examination of geographical differences in 

outcome, has international relevance to centres with similar challenging geography 

and diverse populations. The missed acute myocardial infarction (MAMI) data 

indicates that failure to interpret the ECG and inadequate clinical judgment are the 

most frequent causes of failure to accurately diagnose and treat STEMI, occurring in 

70% and 65% of missed STEMI cases respectively. MAMI patients had higher 30-

day readmission compared to treated STEMI patients with an associated longer 

length of stay and higher rate of death. 

 

The second study assessed predictors of vascular access complications following 

cardiac catheterisation/PCI, with a secondary aim to determine the prevalence of 

vascular complications following cardiac catheterisation or percutaneous 

intervention/PCI. The occurrence of femoral vascular access complications was 

found to be similar to that reported from other tertiary centres. The results showed a 

higher body mass index (BMI) and anti-coagulant/anti-platelet medications were 

significant in the development of this complication. Documented vascular disease 

risk factors, including diabetes mellitus, hypertension, smoking and elevated 

creatinine were shown to be statistically significant in the development of vascular 

complications. Complications were less likely with use of the Femstop® removal 

device. With the emergence of structural disease programmes, which rely on femoral 

access, in particular transcatheter aortic valve implantation (TAVI), and complex PCI 

programmes, continued monitoring and understanding of factors associated with this 

complication continue to remain of the upmost importance.  
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The third study in this thesis “A comparison of outcomes during a transition from 

femoral to radial access in patients presenting with ST segment elevation myocardial 

infarction” described the change in vascular access complications during a period of 

transition from femoral access to radial access in the STEMI population. 

Demographics were comparable in both groups. This study supports the reduced 

adverse bleeding outcomes reported when using the radial approach in this 

contemporary cohort. One of the perceived barriers to adoption of the radial access 

approach is a concern that this access route may increase the important key 

performance indicator of door to balloon time (DTB). Data from this study suggested 

a reduced DTB in the radial group compared to the femoral group. While definitive 

conclusions cannot be drawn from this result, it suggests that radial access may not 

obviously increase DTB in a high-risk group. 

 

The important end points of patient length of stay (LOS) and 28 day readmission 

showed a clear reduction in LOS. The significantly lower readmission rate for the 

radial access group may be as result of their being less patients with cardiogenic 

shock patients and minimal vascular and bleeding complications in the radial group. 

 

While the benefits conferred by trans-radial access are established, the incidence 

and predictors of radial artery occlusion are emerging. Study four, “Nursing led 

ultrasound to aid in trans-radial cardiac catheterisation: A feasibility study”, sought to 

address ultrasound monitoring of radial access pre and post post-procedurally. The 

aim was to (1) evaluate the clinical feasibility of implementing a nursing-led program 
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to measure radial artery diameter before and after cardiac catheterisation using 

ultrasound, (2) determine incidence of radial artery occlusion (RAO), (3) determine 

risk factors for RAO and (4) determine predictors of radial artery diameter. Using a 

prospective observational study a nurse led ultrasound programmes was found to be 

safe and feasible with no adverse events reported. A low rate of occlusion (4%) was 

observed immediately following compression band removal from access site. A 

haemostasis device application time of greater than 190 minutes was a predictor of 

RAO. Male gender and height were predictors for a radial artery diameter of 

>2.2mm, which is associated with reduced occlusion. This study, the first of its kind 

reported within the literature, confirmed nursing staff can safely lead the assessment 

of radial artery dimensions and occlusion within a cardiac catheterisation laboratory 

to enhance planning and care, including the monitoring of compression times to 

reduce RAO. 

 

This thesis concluded with an analysis of stroke after cardiac catheterisation. It 

aimed to evaluate the occurrence of stroke after cardiac catheterisation and PCI. In 

addition, it aimed to determine the immediate and functional outcomes of this group 

of patients based on modified Rankin score. This was achieved using a case control 

design conducted over a 10 year period, during which time there were 21,510 

cardiac catheterisation procedures performed and 0.28% of patients experienced a 

stroke. Those that suffered a post procedural stroke were older, had a higher 

incidence of atrial fibrillation and cardiac risk factors including diabetes mellitus and 

hypertension. The occurrence of a post procedural stroke resulted in a higher risk of 

readmission and a higher hazard risk for future stroke. The functional impact of 
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stroke remains low as demonstrated by modified Rankin score. Importantly, this 

study demonstrated a post procedural stroke confirms an increase mortality risk for 

patients. 

 

7.1.2 Immediate effects of this thesis 

 

Findings from this thesis have had a significant immediate impact on health delivery, 

research, system improvement, and information technology enhancement within the 

local health district. One of the themes of this thesis is the implementation of 

methods of monitoring these adverse events across a large geographical area 

encompassing a number of different health facilities. The large geography of the 

health district requires the use of innovative approaches for research and clinical 

system enhancement, while also permitting and promoting the opportunity for future 

research collaborations. Furthermore, components of the individual studies have 

been presented at peak body international conferences and local cardiac 

conferences. 

 

Health care delivery 

 

This thesis articulated significant clinical variation in the diagnosis of ACS in rural 

populations, particularly in missed diagnosis of myocardial infarction. This thesis 

demonstrated that missed acute myocardial infarction resulting from failure to 
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correctly interpret ECG and serum markers does occur, leads to increased mortality 

and morbidity and is overrepresented in rural hospitals that are maintained by 

general practitioners. 

 

Utilising data from this thesis on missed myocardial infarction, the Candidate as part 

of a team from the local health district was successful in obtaining a translational 

research grant for $600,000 to improve identification and management of patients 

with ACS. This grant aims to provide ACS treatment guidance in rural hospitals 

across three local health districts by implementing and evaluating an ongoing ACS 

management system using a prospective, cluster randomised controlled trial (RCT) 

design. Patients allocated to the treatment arm who present to an intervention 

hospital will have an ECG and serum troponin level result transmitted to a central 

nursing-based reporting service based at a metropolitan hospital supported by the 

tertiary referral cardiology service. Staff with clinical expertise from the central 

reporting service will review the ECG and serum troponin level and determine the 

likelihood of an acute coronary syndrome. This grant is a direct result of data 

contained in this thesis. 

 

This thesis has generated practice change within this large health service and has 

driven grant income to address the adverse health outcomes articulated in this 

thesis; this project has potential to be translatable and scalable to similar health 

services. 
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7.1.3 Research collaborations 

 

The treatment of stroke following cardiac catheterisation is under reported. Further 

research collaboration involving an additional large tertiary referral hospital has 

resulted from this study. This new project will examine the effects of reperfusion 

therapies, including thrombolysis and endovascular clot retrieval, after cardiac 

catheterisation on health outcomes. This study will aim to explore thrombus density 

and its effect on thrombolysis for treatment of stroke, and will aim to determine if 

endovascular clot retrieval is a more effective option for treatment of stroke following 

cardiac catheterisation. This collaboration involves senior interventional 

cardiologists, neurologists, neuro-radiologists, radiologists, junior medical staff, and 

the candidate of this thesis. Additional to this study, a case report is currently being 

prepared for publication providing an overview of stroke post cardiac catheterisation. 

This clinically focused paper will add important clinical perspectives to enhance 

knowledge of this complex disease process. 

 

Information technology developments and data linkage 

 

This thesis implemented real time data collection of relevant serious post procedural 

complications and outcomes. Prospective data linkages are now being implemented 

for all interventional procedures with outcome data. In particular, data from pathology 

results, emergent visits to theatre, transfusion, length of hospitalisation, readmission 
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and 30-day mortality are now prospectively collected and linked with hospital and 

clinical data systems. 

 

The paucity of data regarding rural and regional outcomes, with respect to both 

inpatient and post discharge care, was identified as an area which required 

enhancement. The candidate and supervisors led the design, implementation and 

rollout of an ACS database that prospectively populates all chest pain presentations, 

inpatient outcomes, pathology, transfer data and post discharge outcomes. This 

thesis generated this immediate service enhancement through the implementation of 

real time data collection to guide service development and clinical care of patients 

presenting with chest pain. 

 

7.2 Future Directions 

 

There are several important directions for further research that will build upon the 

work and findings from this thesis. This local health district, with its unique 

geography (rural and metropolitan), and reperfusion strategies (prehospital 

thrombolysis, nurse initiated thrombolysis, pre hospital assessment of primary 

angioplasty, inter-facility STEMI patients, and emergency department presentations 

of STEMI) provides a diverse patient cohort to examine. This cohort allows 

exploration of a range of outcomes from each of these groups, particularly with 

reference to bleeding complications, long term follow up, barriers to evidence based 

management and the influence of vascular access. 
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Recommendations for future research and development include: 

 

1) A qualitative examination of barriers for clinicians that limit the accurate 

diagnosis of Acute Coronary Syndrome 

2) Examination of cardiology and neuro-interventional treatment and outcomes, 

including the role of Trans Aortic Valve Implantation and complex PCI in 

neurological outcome after cardiac catheterisation procedures. 

3) Evaluation of strategies to reduce radial artery occlusion as newer methods of 

haemostasis become available which may aid in the reduction of the 

complications of trans-radial access; this would be perfectly suited for cross 

institutional collaborations. 
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7.3 Final Conclusions 

 

The aim of this thesis was to examine complications and health outcomes 

associated with a cardiology admission to a health district. This was achieved by 

using a nurse-led system to identify and manage adverse events over a large 

geographical area, utilising routinely collected clinical “real world” data. This thesis 

has demonstrated that serious adverse events following a cardiology admission are 

relatively rare; however they are associated with significant impacts on long term 

health outcomes including morbidity and mortality. 

 

This thesis has demonstrated that patient’s co-morbidities, presenting clinical history 

and organisational factors each may have a role to play in negatively impacting 

health outcomes for patients. Understanding these issues and incorporating systems 

to identify at risk patients has considerable benefits to patients and their families, 

clinicians, managers of health organisations and policy developers. In particular, this 

work has shown that organisational systems, both clinical and non-clinical, remain 

important factors in predicting outcomes. This thesis has highlighted the importance 

of monitoring systems of care, change within those systems, such as change in 

vascular access, and reinforces the need for continued review of any change in 

practice. 
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The innovative methods of data collection and linkage detailed within each study 

ensures this research is translatable and scalable to other cardiology services, 

particularly those with a rural and regional population.  

 

Within the current local health district, improvements have been made and further 

research has commenced, and it is anticipated future guideline development will be 

enhanced that will permit large scale evaluation projects. 
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Background:Delay in treatment and/or failure to provide reperfusion in ST-segment elevation myocardial infarc-
tion (STEMI) impacts onmorbidity andmortality. This occursmore often outsidemetropolitan areas yet the rea-
sons for this are unclear. This study aimed to describe factors associated with missed diagnosis of acute
myocardial infarction (MAMI) in a rural and regional setting.
Methods: Using a retrospective cohort design, patients who presented with STEMI and failed to receive reperfu-
sion therapy within four hours were identified as MAMI. Univariate analyses were undertaken to identify differ-
ences in clinical characteristics between the treated STEMI group and the MAMI group. Mortality, 30-day
readmission rates and length of hospital stay are reported.
Results: Of 100 patients identified as MAMI (70 male, 30 female), 24 died in hospital. Demographics and time
from symptom onset were similar in the treated STEMI and MAMI groups. Of the MAMI patients who died,
rural hospitals recorded the highest inpatient mortality (69.6% p = 0.008). MAMI patients compared to treated
STEMI patients had higher 30 day readmission (31.6% vs 3.3%, p = 0.001) and longer length of stay (5.5 vs
4.3 days p = 0.029). Inaccurate identification of STEMI on electrocardiogram (72%) and diagnostic uncertainty
(65%) were associated with MAMI. The Glasgow algorithm to identify STEMI was utilised on 57% of occasions,
with 93% accuracy.
Conclusion: Mortality following MAMI is high particularly in smaller rural hospitals. MAMI results in increased
length of stay and readmission rate. Electrocardiogram interpretation and diagnostic accuracy require improve-
ment to determine if this improves patient outcomes.
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1. Introduction

The burden of heart disease is 20% greater in rural compared tomet-
ropolitan populations, with a higher rate of mortality and multiple hos-
pital transfers often required to access specialised care [1]. Appropriate
and timely clinical care of patients presenting with acute coronary syn-
dromes (ACS), including acute myocardial infarction (AMI), is the sub-
ject of comprehensive guidelines nationally and internationally [2,3].
Timely access to evidence-based management of ST segment elevation
myocardial infarction (STEMI) is imperative for optimal clinical out-
comes [4].

For patients presenting with STEMI in non-metropolitan hospitals,
reperfusion treatment is predominantly thrombolysis. If thrombolysis
is delivered in a timely fashion, followed by transfer to a percutaneous
coronary intervention (PCI) capable hospital, this provides outcomes
similar to primary PCI, which is recommended where facilities are avail-
able [5]. The impact of delay in treatment and failure to provide reperfu-
sion doublesmortality, and impacts onmorbidity outcomes [6]. Differing
clinical presentations and organisational factors can make the diagnosis
of ACS challenging for clinicians, resulting in some patients not receiving
appropriate care [7]. Internationally, the experience of failure to treat
STEMI has been documented [8,9]. Australian data indicates more than
one third of people presenting with STEMI and eligible for treatment
did not receive recommended reperfusion therapy [10]. This rate is
higher outside the metropolitan environment; reasons for this are un-
clear [6]. The purpose of this study was to outline the consequences of
MAMI across a large health district. In addition, we sought to assess the
demographic, clinical, ECG and organisational factors associatedwith pa-
tients presenting with STEMI and eligible for reperfusion therapy who
did not receive timely treatment in a regional area.

2. Materials and methods

A retrospective medical record review of patients presenting to hos-
pitalwith STEMI to identify thosewith amissed diagnosis of acutemyo-
cardial infarction (MAMI) was conducted from 2011 to 2016.

2.1. Setting

The health district services an area of 131,785 km2, covering major
cities, inner regional, outer regional and remote populations [11]. The
district comprises 37hospitals, including general practitioner runhospi-
tals (n = 27), general physician on site/Fellow Australasian College of
Emergency Medicine (FACEM) hospitals (n = 7), nurse only hospitals
(n = 2), and a tertiary referral centre (n = 1).

The health district's reperfusion strategy for patients with ACS, im-
plemented in 2010, utilises the computerised Glasgow algorithm for
identification of STEMI on electrocardiograph (ECG). This algorithm
has acceptable diagnostic accuracy in interpretation of STEMI [4,12]. In-
tegrated within this system is the ability to electronically transmit ECGs
for review by a cardiologistwhen STEMI is detected using the algorithm.
Under this reperfusion strategy N500 acute STEMI patients are identified
and treated per annum across the district.

2.2. Sample

Medical records of patients who presentedwith STEMI to any hospi-
tal in the district and failed to receive timely reperfusion therapy, when
not contraindicated, were reviewed from 2011 to 2016. For this analysis
STEMI diagnosis was based directly on European Society of Cardiology
guidelines, and includes patients who exhibited a clinical presentation,
ECG changes, and pathology consistent with STEMI [12]. Patients were
required to meet criteria for standard reperfusion therapy [2]. Patients
who presented with a STEMI and who were not identified, had treat-
ment commenced, or it was clear on review that STEMI was not consid-
ered within a four-hour period were defined as MAMI. All clinical case
histories, medical records, ECG, and pathology were reviewed indepen-
dently by two senior cardiologists to confirm MAMI, in the absence of
any clinical contraindications to either reperfusion therapy. To take ac-
count for time and resource challenges a four hour arrival to treatment
time was set, this took into consideration guideline directives to com-
mence reperfusion therapy within 120 min of arrival in combination
with the above parameters [12]. Five patients were excluded from the
analysis due to end-stage disease processes, including cancer and
dementia.

2.3. Data sources

A database of patients identified as MAMI was developed and popu-
lated using information from medical records and online clinical data-
bases. Ethical approval was obtained from the institutional human
research ethics committee (AU201711-02). This study was conducted
in accordance with the declaration of Helsinki. Patients were identified
as MAMI through retrospective examination of clinical databases (ECG,
ACS and STEMI) and audit of transfer to other hospitals reports.

2.4. Factors of interest

• Patient factors; including age, gender, aboriginality and cardiovascular
disease risk factors

• Hospitalisation-related factors; including inpatient mortality, length
of hospital stay and 30-day-readmission, type ofmyocardial infarction
and time of presentation to hospital,

• ECG factors and STEMI characteristics; Timing of ECG, usage of Glas-
gow ECG interpretation algorithm, appropriate recognition of STEMI
using the algorithm, delays in diagnosis and accuracy of interpretation
of ECG. Inaccurate ECG interpretationwas defined as failure tomake a
STEMI diagnosis despite ECG criteria indicating STEMI, regardless of
whether the Glasgow algorithm was used. Diagnostic uncertainty
was defined as delay in access to expert clinical support and confusion
around the correct treatment and referral processes. Treatment inde-
cision is defined as where STEMI was diagnosed yet reperfusion ther-
apy was not given despite an absence of contraindication.

• Organisational factors; Hospitals were classified as tertiary (bed ca-
pacity N500), metropolitan (N200 and ≤ 500 beds), rural referral
(N100 and ≤200 beds) and small rural (≤100 beds).

2.5. Statistical methods

Data analysis was conducted using IBM SPSS Statistics (version 22,
Chicago, IL, USA). Descriptive statistics are presented by counts and per-
centages for categorical variables and means and standard deviation
(SD) for continuous variables. Patient demographic data from the
MAMI group were contrasted against data for treated STEMI at the
local referral hospital. The two groups are heterogeneous and should
be viewed for presentation demographics only. Univariate analyses to
identify differences in clinical characteristics were performed on data
comparing two groups. The sample size was insufficient to undertake
multivariate analysis. Categorical variables were analysed using a chi-
square test, while continuous variables such as age were analysed via
analysis of variance (ANOVA). Comparisons were performed using
Bonferroni corrections and statistical significance level was set to p b

0.05.

3. Results

Over the five-year period approximately 1392 patients presented
with a STEMI to the hospitals in the region. Of these, 100 patients
were identified as missed acute myocardial infarctions (MAMI); 24 of
these MAMI patients died in hospital.



T a bl e 1

C h a r a ct e ri sti c s of  M A MI  p ati e nt s c o m p ar e d t o tr e at e d S T E MI f r o m 2 0 1 1 t o 2 0 1 6.

V a ri a bl e T r e at e d S T E MI

( n  = 1 2 9 2 )

M A MI P ati e nt s

( n  = 1 0 0 )

P

v al u e

M al e g e n d e r  n ( % ) 9 5 0 ( 7 3. 5 ) 7 0 ( 7 0 ) 0. 4 6 5

A g e ( y e a r s )  m ( S D ) 6 3. 9 ( 1 2. 9 ) 6 6. 3 ( 1 2. 4 ) 0. 3 0 2

I n di g e n o u s  n ( % ) 4 7 ( 3. 6 ) 4 ( 4 ) 0. 7 7 6

H y p e rt e n si o n  n ( % ) 7 9 6 ( 6 1. 6 ) 4 2 ( 4 2 ) 0. 0 7 6

D y sli pi d a e mi a  n ( % ) 4 9 6 ( 3 8. 4 ) 3 8 ( 3 8 ) 1. 0 0 0

Di a b et e s  n ( % ) 3 1 4 ( 2 4. 3 ) 3 3 ( 3 4 ) 0. 0 8 1

P ri o r s m o ki n g  n ( % ) 6 9 3 ( 5 3. 6 ) 4 2 ( 4 2 ) 0. 0 3 9

P ri o r  m y o c a r di al i nf a r cti o n  n ( % ) 2 3 1 ( 1 7. 9 ) 2 6 ( 2 6 ) 0. 0 7 2

P ri o r  C A B G  n ( % ) 3 7 ( 2. 9 ) 9 ( 9 ) 0. 0 0 8

P ri o r P CI  n ( % ) 1 3 0 ( 1 0. 1 ) 1 4 ( 1 4 ) 0. 2 9 1

P r e s e nt ati o n t o  h o s pit al  m ( S D )

7 a m – 3  p m 7 0 7 ( 5 4. 7 ) 6 2 ( 6 2 ) 0. 1 9 0

3 p m – 1 1  p m 3 7 7 ( 2 9. 2 ) 2 1 ( 2 1 ) 0. 1 1 5

1 1  p m – 7 a m 2 0 4 ( 1 5. 8 ) 1 7 ( 1 7 ) 0. 7 6 7

S y m pt o m o n s et t o  p r e s e nt ati o n

( mi n ut e s )  m ( S D )

1 5 0. 5 ( 1 4 4. 4 ) 1 5 5. 6 ( 1 3 1. 4 ) 0. 9 0 3

A nt e ri o r i nf a r cti o n  n ( % ) 5 2 8 ( 4 1 ) 6 7 ( 6 7 ) 0. 0 0 0

L e n gt h of st a y;  m ( S D ) 4. 3 ( 3. 7 ) 5. 5 ( 4. 5 ) 0. 0 2 9

3 0 - d a y r e a d mi s si o n  n ( % ) 4 3 ( 3. 3 ) 2 4 ( 2 4 ) 0. 0 0 1

C A B G :  C or o n a r y  A rt e r y  B y p a s s  G r aft; M : M e a n; P CI P er c ut a n e o u s  C or o n ar y I nt e r v e nti o n;

S D : st a n d ar d d e vi ati o n; S T E MI : S T s e g m e nt  M y o c ar di al I nf ar cti o n.

1 7 9T.  Willi a m s et al. / IJ C  H e a rt  &  V as c ul at u r e 2 2 ( 2 0 1 9 ) 1 7 7 – 1 8 0
C h ar a ct e ri sti c s of t h e tr e at e d S T E MI a n d  M A MI gr o u p s a r e  pr e s e nt e d

i n T a bl e 1 .  C o m p ar e d  wit h t h e t r e at e d S T E MI g r o u p,  d e m o g r a p hi c s of

t h e  M A MI g r o u p  w e r e si mil ar i n t e r m s of a g e, c o m o r bi diti e s a n d ti m e

f r o m s y m pt o m o n s et t o  p r e s e nt ati o n.  M A MI  p ati e nt s  w e r e  m or e li k el y

t o  h a v e  pr e vi o u s  C A B G ( 9 % v s 2. 9 %; p = 0. 0 0 8 ) a n d pr e s e nt  wit h a nt e-

ri o r i nf a r cti o n ( 6 7 % v s 4 1 %; p b 0. 0 0 1 ).

P ati e nt s  w h o s ur vi v e d  M A MI h a d a si g ni fi c a ntl y  hi g h er t hi rt y- d a y r e-

a d mi s si o n r at e c o m p ar e d  wit h tr e at e d S T E MI ( 2 4 % v s 3. 3 %, p = 0. 0 0 1 ).

T h e  M A MI c o h o rt s h o w e d a l o n g er l e n gt h of st a y  w h e n c o m p ar e d  wit h

t h e t r e at e d S T E MI g r o u p ( 5. 5  d a y s v e r s u s 4. 3  d a y s, p = 0. 0 2 9 ). T h e

M A MI  p ati e nt s  w h o  di e d i n  h o s pit al ( n  = 2 4 )  h a d a  hi g h er  p r o p o rti o n

of  w o m e n c o m p ar e d  wit h t h e  M A MI g r o u p t h at s u r vi v e d t o  di s c h a r g e

( 4 6 % v er s u s 2 5 % ).

M A MI  p ati e nt s  m o st c o m m o nl y  p r e s e nt e d t o s m all r u r al  h o s pit al s

( Fi g. 1 ).  Of t h e  p ati e nt s  wit h  M A MI  w h o  di e d, s m all er r u r al  h o s pit al s r e-

c or d e d t h e  hi g h e st i n p ati e nt  m ort alit y ( 6 9. 6 % p = 0. 0 0 8 ) c o m p a r e d t o

n o  m ort alit y f o r  M A MI i n t h e l ar g e t erti a r y r ef er r al  h o s pit al ( Fi g. 1 ).

T h e  m o st c o m m o n f a ct o r s a s s o ci at e d  wit h  M A MI  w e r e f ail u r e t o

i d e ntif y S T E MI o n E C G ( 7 2 % ) a n d  di a g n o sti c  u n c ert ai nt y ( 6 5 % ) r e s p e c-

ti v el y.  Of t h e  M A MI  p ati e nt s, 5 7 %  h a d a n E C G  p e rf or m e d o n a  m a c hi n e
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Fi g. 1. I niti al  p r e s e nt ati o n  h o s pit al a n d o ut c o m e s f or  p ati e nt s  p r e s e nti n g  wit h  M A MI T h e  m aj

Hi g h er  m ort alit y  w a s s e e n  wit h  M A MI i n t h e s e l o c ati o n s.  M A MI:  mi s s e d a c ut e  m y o c ar di al i nf a r
e q ui p p e d  wit h t h e  Gl a s g o w al g orit h m.  W h e r e t h e  Gl a s g o w al g o rit h m

w a s  utili s e d, it c o r r e ctl y i d e nti fi e d S T E MI i n 9 3 % of o c c a si o n s.  D e s pit e

c orr e ct  m a c hi n e i d e nti fi c ati o n of S T E MI i n t h e s e c a s e s, r e p e rf u si o n t h er-

a p y  w a s  n ot gi v e n i n a ti m el y  m a n n e r.

4.  Di s c u s si o n

T hi s  p a p er  d e s c ri b e s t h e  p ati e nt c h ar a ct e ri sti c s a n d cli ni c al f a ct o r s

a s s o ci at e d  wit h t h e  mi s s e d  di a g n o si s of a c ut e  m y o c a r di al i nf a r cti o n i n

a r u r al a n d r e gi o n al s etti n g. P ati e nt s  w h o  h a d  M A MI  h a d a t h r e e -f ol d

hi g h e r  m o rt alit y  w h e n c o m p a r e d t o t h e r e gi o n' s  p u bli s h e d  m o rt alit y

r at e [ 5 ]. T h er e  w a s a 2 0 % i n cr e a s e d L O S, a n d ei g ht ti m e s t h e r e a d mi s si o n

r at e f or  M A MI  p ati e nt s c o m p ar e d t o tr e at e d S T E MI  p ati e nt s.  Al a r mi n gl y

a nt e ri o r i nf a r cti o n  w a s t h e  m o st r e p r e s e nt e d i nf a r ct t y p e a m o n g  p a -

ti e nt s  wit h  M A MI.  U n d er st a n di n g t h e  p r o bl e m  m or e s p e ci fi c all y  will a s-

si st i n i nf o r mi n g cli ni ci a n s a n d  p oli c y  m a k er s.

T h e hi g h pr o p orti o n of S T E MI p ati e nt s n ot r e c ei vi n g r e p erf u si o n t h er-

a p y i s  wi d el y  d e s c ri b e d i n t h e lit er at u r e a n d  h a s b e e n e x a mi n e d o v er a

l o n g p eri o d of ti m e [1 3 – 1 5 ]. Pr e vi o u s r e a s o n s f or  n ot r e c ei vi n g r e p erf u-

si o n  w h e n i n di c at e d i n cl u d e d l at e  p r e s e nt ati o n, at y pi c al s y m pt o m at ol -

o g y, g e n d e r a n d c o - m o r bi dit y f a ct o r s,  pl u s cli ni ci a n  p e rf o r m a n c e a n d

s y st e m i s s u e s [ 9 ,1 5 – 1 7 ]. T h e pr e p o n d er a n c e of  M A MI i n r ur al c o m p ar e d

t o  m etr o p olit a n  h o s pit al s r efl e ct s t h e dif fi c ultl y of  pr a cti c e a w a y fr o m a

t erti ar y c e ntr e i n t h e tr e at m e nt of S T E MI [1 8 ]. P r e vi o u s c o nt ri b uti n g r e a-

s o n s r e p ort e d f or t hi s i n cl u d e t h e c o m pl e x cli ni c al  p r e s e nt ati o n of  A C S

[7 ].  Diffi c ulti e s  m ai nt ai ni n g a vi a bl e cli ni c al r o st er  wit h s c ar c e r e s o ur c e s

a n d  p ot e nti all y l o n g  di st a n c e s r e m ai n a c h all e n g e i n t h e r u r al a n d r e -

gi o n al s etti n g [ 1 8 ]. I nt er pr et ati o n of c o m pl e x E C G s  w h e n t hi s i s  n ot t h e

c or e cli ni ci a n' s r ol e or e x p erti s e r e m ai n s c h all e n gi n g, alt h o u g h t h e a v ail-

a bilit y of eff e cti v e E C G al g orit h m s s h o ul d  mi ni mi s e t hi s [ 4 ]. T h e i m p a ct

t h at a c e ntr ali s e d E C G r e a di n g s er vi c e t o a s si st  wit h a c c ur at e E C G i nt e r-

p r et ati o n a n d t o  h el p r e d u c e  di a g n o sti c  u n c e rt ai nt y  w o ul d  h a v e o n

r u r al a n d r e gi o n al h e alt h  di st ri ct s  w o ul d b e i m p o rt a nt t o i n v e sti g at e

a n d  n e e d s t o b e t e st e d i n a pr o s p e cti v e r e s e ar c h tri al.

5. St r e n gt h s a n d li mi t a ti o n s

T hi s r et r o s p e cti v e a n al y si s all o w s t h e e v al u ati o n of  h e alt h o ut c o m e s

i n a r e al- w o rl d r u r al s etti n g,  h o w e v er t h er e a r e s e v er al i m p o rt a nt li mi-

t ati o n s.  D at a  w e r e c oll e ct e d f r o m v a ri o u s s o u r c e s  w h er e t h e  d e n o mi n a-

t or of  mi s s e d  MI c a n n ot b e a c c ur at el y a s c ert ai n e d a n d  di r e ct c a u s ati o n

of  M A MI c a n n ot b e  d et e r mi n e d  d u e t o t h e li mit ati o n s of c u r r e nt  d at a

s y st e m s.  W e c o m p a r e d t h e  diff e r e n c e s of t w o r el ati v el y s m all g r o u p s

a n d t h e s a m pl e si z e li mit e d st ati sti c al c o m p a ri s o n s. I n  p a rti c ul a r,
R ur al r ef er al

H os pit al

S m all r ur al

H os pit al

% of M A MI
c o h ort

% d e c e a s e d
M A MI
c o h ort

orit y of  p ati e nt s  p r e s e nt e d t o r ur al  h o s pit al s,  wit h  n o  p arti c ul a r  h o s pit al o v e rr e p r e s e nt e d.

cti o n.
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important determinants ofMAMImay have beenmissed due to a type II
error. A variety of data sources were utilised to minimise missing
relevant patients. Medical record review data is reliant on the accuracy
and interpretation of documentation of care. Two cardiologists
confirmingMAMI enabled reliability of diagnosis and admission param-
eters based on the application of an evidence based guideline definition
of STEMI. This paper identifies the consequences of missed diagnosis of
myocardial infarction, identifies modifiable factors associated with the
development of MAMI, and may inform potential barriers to the suc-
cessful treatment of STEMI.

6. Conclusion

MAMI occurs more often in smaller rural hospitals, results in in-
creased mortality, longer LOS, and higher rate of hospital readmission.
Common factors associated with MAMI are failure to correctly interpret
the ECG and diagnostic difficulty. Better identification of MImay reduce
MAMI and should be the focus of future research to improve patient
outcomes in rural settings.

Declarations

A grant was obtained from Boehringer to the health service to fund
staffing; they had no input into the study, data analysis, or writing of
themanuscript. AB has received research support from Abbott Vascular
and Cellmid; and consulting fees and/or honoraria from Astra Zeneca,
Boehringer, Ingelheim and Pharmaxis. There are no other conflicts of in-
terest to declare.

References

[1] D.B. Brieger, J. Redfern, Contemporary themes in acute coronary syndromemanage-
ment: from acute illness to secondary prevention, Med. J. Aust. 199 (3) (2013)
174–178.

[2] D.P. Chew, I.A. Scott, L. Cullen, J.K. French, T.G. Briffa, P.A. Tideman, et al., National
Heart Foundation of Australia & Cardiac Society of Australia and New Zealand:
Australian Clinical Guidelines for the Management of Acute Coronary Syndromes
2016, Heart Lung Circ. 25 (9) (2016) 895–951.

[3] Roffi M, Patrono C, Collet J-P, Mueller C, Valgimigli M, Andreotti F, et al. 2015 ESC
Guidelines for the management of acute coronary syndromes in patients presenting
without persistent ST-segment elevationTask Force for the Management of Acute
Coronary Syndromes in Patients Presenting without Persistent ST-Segment Eleva-
tion of the European Society of Cardiology (ESC). European Heart Journal. 2016;37
(3):267–315.
[4] Savage L, Fletcher P, Stewart P, Bastian B, Agahari I. PW305 a clinical assessment of
the Glasgow ECG algorithm. Glob. Heart9(1):e319.

[5] A.A. Khan, T. Williams, L. Savage, P. Stewart, A. Ashraf, A.J. Davies, et al., Pre-hospital
thrombolysis in ST-segment elevation myocardial infarction: a regional Australian
experience, Med. J. Aust. 205 (3) (2016) 121–125.

[6] Farshid A, Brieger D, Hyun K, Hammett C, Ellis C, Rankin J, et al. Characteristics and
clinical course of STEMI patients who received no reperfusion in the Australia and
New Zealand SNAPSHOT ACS registry. Heart Lung Circ.25(2):132–9.

[7] Pride YB, Piccirillo BJ, Gibson CM. Prevalence, consequences, and implications for
clinical trials of unrecognized myocardial infarction. Am. J. Cardiol.111(6):914–8.

[8] A.J. Tricomi, D.J. Magid, J.S. Rumsfeld, D.R. Vinson, E.E. Lyons, L. Crounse, et al.,
Missed opportunities for reperfusion therapy for ST-segment elevation myocardial
infarction: results of the emergency department quality in myocardial infarction
(EDQMI) study, Am. Heart J. 155 (3) (2008) 471–477.

[9] M.J. Schull, M.J. Vermeulen, T.A. Stukel, The risk of missed diagnosis of acute myo-
cardial infarction associated with emergency department volume, Ann. Emerg.
Med. 48 (6) (2006) 647–655.

[10] D.P. Chew, J. French, T.G. Briffa, C.J. Hammett, C.J. Ellis, I. Ranasinghe, et al., Acute cor-
onary syndrome care across Australia and New Zealand: the SNAPSHOT ACS study,
Med. J. Aust. 199 (3) (2013) 185–191.

[11] Statistics ABo. Australian Statistical Geography Standard (ASGS): Australian Bureau
of Statistics; 2018 [cited 2018 01/03/2018]. Available from: http://www.abs.gov.au/
websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard
+(ASGS).

[12] Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017
ESC Guidelines for the management of acute myocardial infarction in patients pre-
senting with ST-segment elevationThe Task Force for the management of acute
myocardial infarction in patients presenting with ST-segment elevation of the
European Society of Cardiology (ESC). European Heart Journal. 2018;39(2):119–77.

[13] Kannel WB, Abbott RD. Incidence and Prognosis of unrecognized myocardial infarc-
tion: Based on 26 years follow-up in the Framingham study. In: Rutishauser W,
RoskammH, editors. Silent Myocardial Ischemia. Berlin, Heidelberg: Springer Berlin
Heidelberg; 1984. p. 131–7.

[14] Masoudi FA, Magid DJ, Vinson DR, Tricomi AJ, Lyons EE, Crounse L, et al. Implications
of the failure to identify high-risk electrocardiogram findings for the quality of Care
of Patients with Acute Myocardial Infarction. Results of the Emergency Department
Quality in Myocardial Infarction (EDQMI) Study. 2006;114(15):1565–71.

[15] R.C. Welsh, J. Deckert-Sookram, S. Sookram, S. Valaire, N. Brass, Evaluating clinical
reason and rationale for not delivering reperfusion therapy in ST elevation myocar-
dial infarction patients: insights from a comprehensive cohort, Int. J. Cardiol. 216
(2016) 99–103 Supplement C.

[16] M.Y. van der Ende, M.H.T. Hartman, R.A.J. Schurer, H.W. van der Werf, E. Lipsic, H.
Snieder, et al., Prevalence of electrocardiographic unrecognized myocardial infarction
and its association with mortality, Int. J. Cardiol. 243 (2017) 34–39 Supplement C.

[17] A.J. Singer, M.P. Than, S. Smith, P. McCullough, T.W. Barrett, R. Birkhahn, et al.,
Missed myocardial infarctions in ED patients prospectively categorized as low risk
by established risk scores, Am. J. Emerg. Med. 35 (5) (2017) 704–709.

[18] J.M. Katzenellenbogen, F.M. Sanfilippo, M.S.T. Hobbs, T.G. Briffa, M.W. Knuiman, L.
Dimer, et al., Complex impact of remoteness on the incidence of myocardial infarc-
tion in aboriginal and non-aboriginal people in Western Australia, Aust. J. Rural
Health 20 (6) (2012) 305–311.

http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0005
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0005
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0005
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0010
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0010
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0010
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0010
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0015
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0015
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0015
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0020
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0020
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0020
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0020
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0025
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0025
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0025
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0030
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0030
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0030
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0040
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0040
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0040
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0045
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0045
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0045
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0050
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0050
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0050
http://refhub.elsevier.com/S2352-9067(18)30180-5/rf0050


©
 2

01
8 

M
A

 H
ea

lth
ca

re
 L

td

British Journal of Cardiac Nursing    December 2018   Vol 13 No 12 593

Research and Development

F emoral vascular complications (FVCs) are an 
infrequent yet serious complication of cardiac 
catheterisation with significant morbidity, mortality 

and cost implications (Yatskar et al, 2007; Cox, 2008; 
Dencker et al, 2016). Each year, approximately 7 million 
cardiac catheterisation procedures are performed 
internationally with a reported access site complication 
rate of up to 6% (Patel et al, 2010). FVCs range from the 
more minor complications including haematomas, 
through to the more clinically significant pseudoaneurysm 
and retroperitoneal bleed, which may have the greatest 
impact on bleeding and subsequent adverse events 
(Applegate et al, 2008).

Background
Risk factors for FVC are well established and include 
female sex, older age, obesity and higher femoral artery 
puncture (Farouque et al, 2005). With the emergence of 
complex procedures in structural heart disease such as 
transcatheter aortic valve replacement (TAVR), address-
ing issues pertinent to femoral vascular access and associ-
ated complications is timely and important. 

The increasing use of the transradial vascular access 
approach in particular, in addition to the use of fluoro-
scopic landmarks and vascular ultrasound, may reduce 
the incidence of FVC (Levine et al, 2011). However, some 
studies have shown the high uptake of transradial access 
has resulted in a higher proportion of femoral access com-
plications in the patients who do have femoral access 
reported (Azzalini et al, 2015). Knowledge of risk factors 
for these potentially significant clinical problems remains 
important for the contemporary nursing workforce.

Aims
The aims of this paper are to: 
w	Examine the risk factor profile of consecutive patients 

who sustain an FVC, defined as a pseudoaneurysm or 
retroperitoneal bleed, following cardiac catheterisation 
or percutaneous coronary intervention (PCI) at a large 
tertiary referral hospital
w	Describe the specific risk factors for femoral pseudoa-

neurysm and retroperitoneal bleeding groups. This will 
help to identify patients at increased risk of FVCs and 
identify strategies that may help to prevent FVCs. 
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Femoral vascular complications 
following cardiac catheterisation

Abstract
Aim: This study examines the factors associated with femoral 
vascular complications (FVCs) following cardiac catheterisation. 
Methods: In a study using a case control design, patients with an FVC 
(pseudoaneurysm or retroperitoneal bleed) were examined over 5 
years. Multivariable logistic regression was used to determine 
associations with FVCs. Results are reported as adjusted odds ratios 
(AOR) and 95% confidence intervals (CIs). Results: Seventy-eight 
(0.65%) patients experienced FVCs (mean age: 65 years, sex: 50% 
female). Factors that increased the likelihood of experiencing FVC 
were being female (AOR 2.9, 95% CI 1.3–6.1), smoking (AOR 7.4, 
95% CI 3.5–16), having diabetes mellitus (AOR 7.5, 95% CI 3.4–16), 
having hypertension (AOR 2.9, 95% CI 1.2–6.9), taking anticoagulant 
medication (AOR 16, 95% CI 5.5–45) having an elevated body mass 
index (AOR 1.1, 95% CI 1.0–1.2) and the use of vascular closure 
devices (AOR 3.4, 95% CI 0.61–19). Use of a compression device 
reduced the likelihood of FVCs developing (AOR 0.6, 95% CI 0.3–1.0). 
Conclusion: Sex, cardiovascular disease risk factors, and procedural 
factors remain important in developing FVCs.

Key words
w Percutaneous coronary intervention w Femoral access  
w Retroperitoneal bleed w Coronary angiography w Vascular closure 
device w Vascular complication
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Methods and methodology
Research design
The study was performed using a case control design. 

Study setting 
The tertiary referral centre used in this study is based in a 
region of New South Wales in Australia with a population 
of 910 436 people. The cardiac catheterisation laboratory is 
staffed by 20 specialist nurses, as well as senior interven-
tional cardiologists, fellows and training resident staff 
trainee doctors, undertaking approximately 2000 cardiac 
catheterisation procedures and 850 PCIs annually.

Ethical approval
The need for formal ethical approval was waived after 
review by the institutional human research ethics commit-
tee as it was a retrospective examination of registry data.

Selection of cases 
Patients who sustain an FVC have clinical, demographic 
and procedural data recorded prospectively in a separate 
procedural complication registry. The authors reviewed all 
medical records of patients who underwent cardiac cath-
eterisation or PCI using femoral artery access who had 
been diagnosed with an FVC over a 5-year period. All 
adults in the procedural complication register who experi-
enced a retroperitoneal bleed or a pseudoaneurysm were 
used in this study as cases. The two databases were linked 
using three identifiers: sex; date of birth; and unique 
medical record number. This sample included all diagnos-
tic cardiac catheterisation procedures and PCIs performed 
over the study time frame including emergent cases.

Selection of controls 
Details of consecutive patients who undergo cardiac cath-
eterisation or PCI are prospectively recorded in a central 
database, including demographic, clinical and procedural 
data. The control group was randomly selected from the 
central database at a ratio of four controls to one case to 
increase statistical confidence. Controls were adults who 
had undergone coronary angiography or PCI using femo-
ral artery access and did not develop an FVC. 

For the purposes of this study, FVC is defined as any 
patient who was diagnosed with a pseudoaneurysm or 
retroperitoneal haemorrhage using Doppler ultrasound or 
computerised tomography after undergoing invasive 
assessment and treatment. 

Statistical methods
Descriptive statistics are presented in counts and percent-
ages for categorical variables, and means and standard 
deviation (SD) for continuous variables. Comparison of 
categorical variables was performed using the c2 test; and 
continuous variables using t-tests or Mann-Whitney U 
tests, depending on distribution.

Associations between demographic, disease-specific, 
procedural and medical management characteristics and 
FVCs were examined using binary logistic regression. 

Collinearity of variables in the model was checked using 
variance inflation factors, and linearity assumption for 
continuous variables and the log (outcome) were exam-
ined. Age and body mass index (BMI) were analysed as 
continuous variables; all other variables were analysed as 
categorical variables. Variables included in the model were 
selected based on clinical relevance, and model selection 
was performed to create the final model. 

Where necessary, because of the low number of patients 
who experienced an FVC, variables were removed if non-
significant in adjusted modelling. The degree of associa-
tion of each variable in the model was taken into account 
with the outcome and it was ensured that the inclusion or 
removal of each variable did not grossly affect either the fit 
of the model (measured by likelihood ratio test and 
Akaike information criterion) or the estimates for remain-
ing variables. For outcomes with very low numbers, mul-
tivariate modelling was not performed. Crude and adjust-
ed odds ratios (ORs), 95% CIs and Wald P-values are 
presented for the logistic regression modelling. 

The variables examined in the model included age, sex, 
BMI, diabetes, hypertension, smoking status, peripheral 
vascular disease (PVD), previous coronary artery bypass 
graft (CABG), cardiogenic shock, anticoagulant/anti-
platelet medication, renal failure, vascular closure device 
and the use of a femoral compression device based on 
clinical significance. For this analysis, the authors adjusted 
for age and sex. Multivariate analyses were not performed 
to examine the association of variables with retroperito-
neal bleed/haematoma because the number of  patients 
was small. All analyses were programmed using SAS v9.4 
(SAS Institute, Cary, North Carolina, US).

Results
All femoral vascular complications
Within a total of 12 005 procedures performed over a 
5-year period, 78 patients sustained an FVC (0.65%). 
Characteristics of the sample who did and did not sustain 
an FVC are shown in Table 1. Fifty-five patients sustained 
a pseudoaneurysm, while 23 experienced a retroperito-
neal bleed/haematoma. Of this group of 78 patients, 50% 
were male and the mean age was 65 years. Thirteen 
patients (16.7%) required surgery to manage their FVC. 
These cases were matched with 250 controls who had  
undergone a procedure using femoral vascular access and 
did not sustain a FVC. The mean age (SD) of the controls 
was 62 (±13) years; 61% were male.

The authors compared the baseline characteristics of the 
non-complication group to those who sustained an FVC 
(Table 1). BMI was higher in the FVC complications group 
than in the group without FVC complications (29.2 [SD 
±5.9] vs 27.2 [SD ±3.9]; P<0.001). Those who sustained an 
FVC were more likely to have diabetes (14.8% vs 53.8%, 
P<0.0001), have hypertension (63.6% vs 82%, P= 0.002) 
and smoke (31.6% vs 70.5% P<0.001). Patients who sus-
tained an FVC had a higher mean blood pressure at the 
time of puncture than the non-FVC group (151 mmHg vs 
133 mmHg p<0.0001). Those who had been administered 
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clexane within 12 hours of an arterial puncture were more 
likely to have an FVC than those who did not have a FVC 
(15.4% vs 0.8%, P<0.0001). 

The procedural indications within the overall patient 
sample were diversely distributed with no statistical sig-
nificance (outpatient diagnostic cardiac catheterisation, 
26%; inpatient cardiac catheterisation, 56%; rescue PCI 
2.4%; and primary PCI 6.1%). A 6 Fr arterial sheath was 
used in 98% of cases, while intra-aortic balloon pumps 
were used in 1.5% of patients. During the procedure, 
26  patients (7.9%) received abciximab and one (0.3%) 
received bivalirudin. Eighteen patients (5.5%) had a 
CABG procedure with no statistical difference between 
groups. A higher rate of vascular closure device use was 
found in the FVC group than in the non-FVC group 
(10.4% vs 2.8%, P=0.006).

Using logistic regression analysis, the unadjusted results 
for the development of an FVC showed that being female 
(OR 1.8, 95% CI 1.1–3.0), having diabetes mellitus (OR 
6.7, 95% CI 3.8–12), having hypertension (OR 2.6, 95% CI 
1.4–4.9), being a current smoker (OR 5.2, 95% CI 3.0–9.0), 
having PVD (OR 2.6, 95% CI 1.3–5.0), having an elevated 
creatinine level (OR 2.3, 95% CI 1.3–4.2) and taking anti-
platelet or anticoagulant medication (OR 8.6, 95% CI 

3.8–20) significantly increased the odds of an FVC. A one-
point increase in BMI was associated with a 10% increase 
in the odds of experiencing an FVC (OR 1.1, 95% CI 
1.0–1.2). The use of a vascular closure device (OR 4.0, 95% 
CI 1.4–11) increases the likelihood of FVC but the use of 
a femoral compression device (OR 0.6, 95%CI 0.3–1.0) 
reduced the odds of an FVC. Age (OR 1.0, 95% CI 1.0–
1.03) and previous CABG (OR 0.9, 95%, CI 0.3–2.9) were 
not associated with FVC in this sample (Table 2).

After adjusting for age and sex (Table 2), results showed 
that women were three times more likely to develop an 
FVC than men (AOR 2.9, 95% CI 1.3-6.1), and that elevat-
ed BMI (AOR 1.1, 95% CI 1.0–1.2), diabetes mellitus 
(AOR 7.5, 95% CI 3.4–16), hypertension (AOR 2.9, 95% 
CI 1.2–6.9), smoking (AOR 7.5, 95% CI 3.5-16) and taking 
anticoagulant or antiplatelet medications (AOR 16, 95% 
CI 5.5–45) increased the odds of FVC. The presence of an 
elevated creatinine level >104  mmol/litre (AOR 2.5, 
95% CI 1.1–5.7) was also significantly associated with the 
development of vascular complications. The use of a vas-
cular compression device during sheath removal reduced 
the odds of an FVC by 60% (AOR 0.4, 95% CI 0.2–0.9). 
Age, cardiogenic shock and the use of a vascular closure 
device were not independently associated with FVC in this 

Table 1. Characteristics of patients who sustained FVC versus those who did not; n=328

Femoral vascular complications

Characteristic No (n=250) Yes (n=78) Total (n=328) p-value
Demographics
Age in years (Mean, SD) 62 (13) 65 (14) 63 (13) 0.121
Gender (Female) 90 (36%) 39 (50%) 129 (39%) 0.027
CVD risk factors
BMI (Mean, SD) 27.2 (3.9) 29.2 (5.9) 27.7 (4.5) 0.001
Diabetes (Yes) 37 (14.8%) 42 (53.8%) 79 (24%) <0.0001
Hypertension (Yes) 159 (63.6%) 64 (82%) 223 (68%) 0.002
Smoker (Yes) 79 (31.6%) 55 (70.5%) 134 (41%) <0.001
PVD (Yes) 26 (10.4%) 18 (23.1%) 44 (13%) 0.004
Procedural factors
Systolic BP on puncture  (Mean, SD) 133 (26) 151 (18) 137 (25) <0.0001
Creatinine - pre procedure (Mean, SD) 90 (21) 101 (57) 92 (34) 0.007
Creatinine group (Normal <=104) 212 (79%) 55 (21%) 267 (81%) 0.005
Inpatient angiogram 136 (54.4%) 47 (60.4%) 183 (56%) 0.363
Rescue PCI 3 (1.2%) 5 (6.4%) 8 (2.4%) 0.009
Primary PCI 17 (6.8%) 3 (3.8%) 20 (6.1%) 0.341
Previous CABG 14 (5.6%) 4 (5.1%) 18 (5.5%) 0.873
Cardiogenic shock 10 (91%) 1 (9.1%) 11 (3.4%) 0.784
Medical management pre procedure
Acetylsalicylic acid (ASA) 73 (29.2%) 68 (87.2%) 141 (43%) <0.001
Clopidogrel 77 (30.8%) 37 (47.4%) 114 (35%) 0.007
Pre procedure Enoxaparin within 12 hours  
of procedure (No)

2 (0.8%) 12 (15.4%) 14 (4.3%) <0.0001

Warfarin within 24 hours 0 6 (100%) 6 (1.8%) <0.001
Haemostasis method
Closure device used 7 (2.8%) 8 (10.4%) 15 (4.6%) 0.006
Digital pressure removal 126 (50.4) 44 (56.3%) 170 (52%) 0.504
Femoral compression device 117 (46.8%) 26 (33.3%) 143 (44%) 0.036
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adjusted analysis. Because numbers were low, it was not 
possible to adjust for PVD and previous CABG in the 
analysis.

Factors associated with the  
development of pseudoaneurysm
Further analysis was undertaken to determine the risk 
profile of patients sustaining pseudoaneurysm and retrop-
eritoneal bleed, adjusted for age and sex. The adjusted 
odds for pseudoaneurysm development (n=55) compared 
with patients who did not sustain a pseudoaneurysm were 
reported. For every one point increase in BMI, there was a 
10% increased odds of a pseudoaneurysm (AOR 1.1, 95% 
CI 1.0–1.2). Having diabetes mellitus (AOR 4.1, 95% CI 
2.0–8.5), smoking (AOR 4.1 95%, CI 2.0–8.5) or having 
peripheral vascular disease (AOR 3.3, 95% CI 1.3–7.9) and 
taking anticoagulant and antiplatelet medication (AOR 
7.5, 95%, CI 2.8–20) were shown to increase the likelihood 
of pseudoaneurysm development. The use of a femoral 
compression device was shown to reduce the odds of vas-
cular complications (AOR 0.4 95%, CI 0.2–0.9).

Factors associated with the  
development of retroperitoneal bleed
Demographics, disease-specific characteristics for patients 
who had a retroperitoneal bleed (n=23) compared with 
those who did not were examined. 

A logistic regression model was used to predict the like-
lihood of retroperitoneal bleed developing in this small 
group. The model considered sex, age, BMI, diabetes, 
smoking status, hypertension, PVD, previous CABG, car-
diogenic shock, closure device used, femoral compression 
device removal, renal impairment, heparin dose, and anti-
coagulation and antiplatelet use. 

While the number of patients affected was small (n=23), 
in this model, sex and smoking significantly predicted the 
development of retroperitoneal bleed (P<0.05). Results 
indicated that male sex conferred a reduced risk of devel-

oping retroperitoneal bleed (AOR 0.28, P=0.17, 95% CI 
0.10–0.80), while smoking (AOR 4.7, P=0.005, 95% CI 
1.56–13) was associated with the development of a retrop-
eritoneal haemorrhage.

Discussion
This study, conducted at a large regional tertiary referral 
centre, examined factors associated with the development 
of FVCs, specifically pseudoaneurysm and retroperitoneal 
haemorrhage following cardiac catheterisation and PCI. 
Female sex, elevated BMI, diabetes mellitus, the use of a 
vascular closure device, hypertension, smoking and renal 
impairment were associated with an increased likelihood 
of any FVC. For pseudoaneurysm development, high 
BMI, diabetes mellitus, smoking, peripheral vascular dis-
ease and anticoagulant use were shown to be contributors. 
For retroperitoneal bleed, female sex and smoking were 
risk factors in a small group of patients.

The use of vascular closure devices was associated with 
an increased likelihood of FVC in this sample, while the 
application of a femoral compression device was shown to 
reduce the odds of FVC. A meta-analysis of randomised 
control trials, which included 4000 patients, showed clo-
sure devices may increase the risk of FVCs, with a caveat 
of poor methodological structure of some included stud-
ies (Koreny et al, 2004). A meta-analysis comparing vascu-
lar closure devices with manual compression involving 
7528 patients reported increases in FVCs with vascular 
closure devices in a low-risk group of people having car-
diac catheterisation only (Biancari et al, 2010). Conversely, 
vascular closure devices have been shown to reduce the 
risk of vascular and bleeding complications, when used in 
combination with intraprocedure medication use such as 
bivalirudin (Marso et al, 2010). In a large, registry-based 
study of 1 522 935 patients undergoing PCI, vascular clo-
sure device use and bivalirudin were associated with a 
significantly lower incidence of bleeding, particularly in a 
group with a high risk of bleeding complications.

Table 2. Crude and adjusted odds ratios for development of femoral vascular access complication 
(retroperitoneal bleed or pseudoanuerysm)

Unadjusted Adjusted

Characteristic Odds 
Ratio

95%CI 
Lower

95%CI 
Upper

Odds 
Ratio

95%CI 
Lower

95%CI 
Upper

Age (in years) 1.0 0.99 1.0 1.0 0.98 1.0
Gender (Female vs Male) 1.8 1.1 3.0 2.9 1.3 6.1
Body mass index 1.1 1.0 1.2 1.1 1.0 1.2
Diabetes (Yes vs No) 6.7 3.8 12 7.5 3.4 16
Hypertension (Yes vs No) 2.6 1.4 4.9 2.9 1.2 6.9
Smoker (Yes vs No) 5.2 3.0 9.0 7.4 3.5 16
Peripheral vascular disease (Yes vs No) 2.6 1.3 5.0 . . .
Previous CABG (Yes vs No) 0.9 0.3 2.9 . . .
Cardiogenic shock (Yes vs No) 4.1 1.2 14 4.3 0.8 24
Anticoagulant/Antiplatelet medication (Yes vs No) 8.6 3.8 20 16 5.5 45
Creatinine group (>104 vs Normal <=104) 2.3 1.3 4.2 2.5 1.1 5.7
Closure device used (Yes vs No) 4.0 1.4 11 3.4 0.61 19
Femoral compression device (Yes vs No) 0.57 0.33 1.0 0.40 0.2 0.9
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A further benefit of the use of vascular closure devices 
was shown in the reduction of bleeding including haema-
tocrit loss (a marker for bleeding) in the PCI group. 
(Romaguera et al, 2012). Overall, 7718 patients who had 
undergone PCI through femoral access were evaluated for 
FVCs and the consequent effect of the degree of blood loss 
on long-term mortality. Femoral closure devices were 
shown to be an independent predictor in a reduction in 
bleeding and FVCs. Definitive conclusions regarding the 
overall safety of vascular closure devices may be difficult 
to make without randomised control data comparing the 
variety of arterial closure methods in a large sample 
(Schulz-Schüpke et al, 2014). Given that experience with 
these devices in the management of vascular closure in 
structural heart disease procedures is increasing, contin-
ued improved results in their use could be anticipated in 
patients undergoing coronary interventions (Toggweiler 
et al, 2013).

The risk factors for FVCs are well established and our 
results demonstrate that, despite advances in vascular 
access techniques, the profile of patients, especially 
women, at risk of such complications remains unchanged 
(Levine et al, 2011). As operators increasingly use transra-
dial artery access for coronary procedures, resulting in less 
procedural experience in femoral artery access, and with 
the emergence of structural interventions requiring a large 
calibre sheath (using femoral access), femoral vascular 
complications remain clinically relevant. Recognition that 
patients with particular characteristics remain at a higher 
risk, despite presumed awareness, should reinforce the 
need to direct approaches to minimise the likelihood of 
vascular complications. 

The data in this study are consistent with those in previ-
ous studies, confirming female sex is a strong independent 
risk factor in the development of FVCs (Piper et al, 2003; 
Farouque et al, 2005; Tiroch et al, 2008). Potential con-
tributors to the increased risk noted in women (Schnyder 
et al, 2001; Farouque et al, 2005) includes a smaller diam-
eter femoral artery, the underappreciated effects of oestro-
gen on arterial structures (Celermajer et al, 1994) and the 
effect of smaller body size compared with males, which 
may impair recognition of standard landmarks that may 
make arterial puncture more problematic (Farouque et al, 
2005). In addition, female sex in combination with smok-
ing and its reduction in the thickness of the arterial walls, 
is thought to be implicated in the development of FVC 
(Suggs et al, 2013).

 This sample suggests that a higher BMI is associated 
with the development of FVC. Previously published litera-
ture has demonstrated that obesity and a high body sur-
face area or BMI are significant risk factors in the develop-
ment of an FVC (Ates et al, 2006; Kassem et al, 2013). 
Compared to a transradial approach, the femoral approach 
has a significantly higher incidence of procedural-related 
morbidity, related to bleeding and vascular complications 
in the high BMI group for cardiac catheterisation and PCI 
(Hibbert et al, 2012). The present study supports the need 
for continued vigilance among nursing staff, even in the 

transradial era, in identifying patients who undergo car-
diac catheterisation with a high BMI as a high-risk group. 

 Hypertension is an important patient-related risk factor 
for the development of an FVC. This may relate to the 
presence of hypertension at the time of arterial puncture 
as well as a documented history of hypertension (Ricci et 
al, 1994; Cox et al, 2004; Tiroch et al, 2008; Popovic et al, 
2010). Measures to prevent hypertension at the time of 
vascular access, such as pharmacological approaches to 
sedation and blood pressure management, are important. 
Renal insufficiency—even when mild—has been shown to 
be a risk factor in the development of vascular complica-
tions (Applegate et al, 2008; Tiroch et al, 2008). The asso-
ciation of renal impairment with vascular complications 
may be attributed to several clinical factors, including the 
likely platelet and arterial walls changes that patients with 
uraemia exhibit; or renal impairment may be associated 
with comorbidities associated with bleeding complica-
tions (Prada-Delgado et al, 2012). This dataset supports 
previously described research findings (Osten et al, 2008). 

This study shows a significant association between the 
use of combination anticoagulant including the use of 
heparin, oral anticoagulants, GP IIb/IIIa inhibitors and 
the incidence of FVCs. The use of GP IIb/IIIa inhibitors 
has previously been shown to be an independent risk fac-
tor in the development of both bleeding and FVCs in 
several studies (Horwitz et al, 2003; Tiroch et al, 2008). 
This study population was varied in terms of acute and 
outpatient populations and the subsequent use of 
GP IIb/IIIa inhibitors can be considered low. 

Furthermore, in patients considered to be at high risk, 
vascular access procedures may be carried out by a more 
experienced operator, thereby reducing the risk associated 
with aggressive antithrombotic therapy (Ammann et al, 
2003). More experienced operators have been shown to 
have lower complication rates, and a higher procedural 
volume may be a protective factor in the development of 
complications (Levine et al, 2011); this could well be used 
to generate further hypotheses for future study, particu-
larly in the realm of structural heart disease.

The centre in this study relies on predominantly a 6 Fr 
arterial access system for cardiac catheterisation. While 
the sample of patients who received a larger size sheath is 
small, a larger sheath size has been shown to increase the 
likelihood of an FVC (Uhlemann et al, 2012).

Strengths and limitations
The main strength of this study is that the dataset consists 
of consecutive, prospectively obtained clinical data and 
allows vascular complications to be assessed in a diverse 
patient sample, including in people undergoing rescue 
PCI and treatment for cardiogenic shock. 

This study was a case control design so traditional limi-
tations of unintentional bias and the difficulties of match-
ing may be apparent in this sample (Mann, 2003). However, 
given that the outcome of FVC is relatively uncommon, 
this was the only feasible and efficient approach and may 
be helpful in generating hypotheses that can be tested 
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Key Points
w	Femoral vascular complications (FVCs) are an infrequent yet serious 

complication of cardiac catheterisation and percutaneous coronary 
intervention because they have significant morbidity, mortality and 
cost implications

w	Female sex, high body mass index, diabetes mellitus, hypertension, 
smoking, age, anticoagulant use and renal impairment were 
associated with an increased likelihood of FVC following these 
procedures

w	Despite the adoption of transradial access internationally, FVCs 
remain an important issue for cardiology nurses because of their 
morbidity and mortality consequences

w	Although transradial access for coronary procedures is becoming 
more prevalent, the emergence of structural interventions requiring 
a large calibre sheath means FVCs still remain highly clinically 
relevant for nurses

w	An important aspect of nursing care is to be able to identify 
modifiable and non-modifiable risk factors for FVCs 

using stronger designs. The data are from a single centre 
and the authors were not able to report the experience 
level of the operator undertaking vascular access as this 
was not routinely recorded. High experience level and 
procedural volume has been associated with a reduction 
in FVCs in previous studies (Levine et al, 2011).

Conclusion
Several modifiable and non-modifiable risk factors are 
associated with the development of FVC, including being 
female, smoking and having a high BMI, diabetes mellitus 
or hypertension, as well as clinical issues such as anticoagu-
lant use and renal impairment. 

While these risk factors are well established, the persist-
ing increased risk experienced by these patients reflects 
the continued need for improvements in approaches to 
femoral vascular access. Continued vigilance around 
modifiable procedural aspects, including anticoagulation 
and haemostasis method, remain an important aspect of 
nursing care. BJCN
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