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Abstract 

 

Background: Disease-specific questionnaires are increasingly being used 

to evaluate treatment outcomes from the perspective of patients.  There are 

currently no validated questionnaires that measure patient-reported 

outcomes after proximal thoracic aortic aneurysm surgery. 

 

Objectives: To develop and pilot a newly formulated patient focussed 

questionnaire that measures the patientôs health status and health-related 

quality of life before and after proximal thoracic aortic aneurysm surgery.   

 

Methods: Based on a literature review, a thematic analysis of audio 

recorded patient interviews and expert clinical testimony, a pool of items 

was generated to form a new questionnaire instrument. Suitable patients 

who were scheduled for elective aortic surgery at Liverpool Heart and 

Chest Hospital were identified and invited to participate in the pilot study. 

Patients were asked to complete the questionnaire prior to surgery and 

then at 6 weeks and 3 months after their operation. The newly developed 

instrument underwent preliminary testing for its appropriateness, 

acceptability, feasibility, interpretability, precision, reliability and 

responsiveness. 

 

Results: Several items from the CROQ (Coronary Revascularisation 

Outcomes Questionnaire) formed the basis of the instrument, with the 

addition of 10 items derived from a newly formulated conceptual model of 

proximal thoracic aortic disease. The items were arranged into four 

domains (symptoms, physical, psychosocial and cognitive). Initial testing 

showed that the newly developed instrument performed to acceptable 

standards. It showed good internal consistency (Cronbachôs alpha results 

for all domains >0.85), and test-retest reliability (intraclass correlation 

coefficient for all domains >0.85). In paired sample tests, the values in each 

domain led to statistically significant differences from baseline at either 6 

weeks or 3 months (p<0.05), supporting the construct validity and 

responsiveness of the instrument.  

 

Conclusions: The new instrument demonstrated satisfactory validity as 

well as good internal reliability and test retest reliability for each item across 

all four domains. The initial findings suggest that the measure is sensitive 

and responsive to the effects of surgical treatment for proximal thoracic 

aortic aneurysms. 
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Chapter 1 

Introduction 

 

1.1  General introduction 

The aim of this thesis is to contribute to the understanding, recording and 

reporting of health-related quality of life (HRQoL) and health status in 

patients undergoing an elective surgical repair of a proximal thoracic aortic 

aneurysm (TAA).  

 

This is addressed, initially, with a literature review that focusses on aortic 

aneurysms, the measurement of health outcomes and the development and 

use of questionnaire instruments designed to evaluate patientsô HRQoL, 

these questionnaires are known as Patient Reported Outcome Measures 

(PROMs).  

 

Subsequently, qualitative research in the form of in-depth interviews was 

used to develop of a conceptual model of proximal TAA patientôs perceptions 

of their diagnosis, treatment and recovery. The results of this analysis 

included a set of themes that were used to support the composition of a 

PROM instrument.  

 

Finally, the proximal TAA PROM itself was piloted and the validity, reliability 

and sensitivity of the tool were assessed. Before providing details of the 

aims, objective and structure of this thesis, a brief introduction to thoracic 

aortic aneurysms, HRQoL and PROMs is given, and the scope of the thesis 

is clarified. 
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1.2  Background 

1.2.1  Thoracic aortic aneurysms 

Diseases of the thoracic aorta are increasing in prevalence worldwide 

(Benchimol, 2015; NHS National Statistics, 2017). In the United States, The 

Centers for Disease Control and Prevention reports that aortic aneurysms 

(both thoracic and abdominal)  

are the 15th leading cause of death in individuals aged over 55 years and the 

19th leading cause of death overall (CDC, 2007). Although the prevalence of 

TAAs is likely lower than the reported prevalence of abdominal aortic 

aneurysms (AAAs), TAAs represent an important component of vascular 

disease due to their particularly lethal nature (Elefteriades, 2007; Kuzmik, 

2012) 

 

In the United Kingdom (UK), between 1999 and 2010, hospital admissions 

for thoracic aortic dissection increased from 7.2 to 8.8 and for TAA from 4.4 

to 9.0 per 100,000 inhabitants (Bridgewater et al, 2009). These diseases 

have a high mortality; in the UK, mortality rates for thoracic aortic dissection 

and aneurysm are 3.2 and 7.5 per 100,000 inhabitants, respectively 

(Bridgewater et al, 2009; Bottle et al, 2017).  

 

Mean annual admission rates for proximal aortic surgery in England and 

Wales have been reported at over 1440 cases per annum between 2007 and 

2013 (National Institute for Cardiovascular Outcomes Research (NICOR) 

dataset results, 2007-2013), with an associated mortality rate of 9.0% (95% 

confidence intervals: 8.4% to 9.6%) (NICOR dataset results, 2007-2013). 

Thus, as the incidence of TAA is increasing, mortality rates are high and 

methods of detection are improving, further research within this area is 

justified. This leads to a compelling argument for the development of 

appropriate outcome measures that allow evaluations of the impact of 

hospital treatment from the patientôs perspective. 
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Figure 1.1 shows the position of the heart and its major anatomical 

components, including the origin of the aorta, in a personôs chest. A healthy, 

adult heart is about the size of a clenched fist (Shier, 2015). 

 

 

 

Figure 1.1: The human heart and its major anatomical components (adapted 

from Blausen, 2014a and 2014b) 

 

 

Figure 1.2 then illustrates the difference between a normally sized aortic root 

and an aortic root that has been enlarged, or dilated, with aneurysmal 

disease. The affected section of the diseased aorta begins to bulge out ñlike 

a weak spot in a tireò (sic. as US spelling. Siwek, 1993). 
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Figure 1.2: A normal heart and aorta, and a heart with an aortic root 

aneurysm (Mayo Clinic, 2019, used with permission of Mayo Foundation for 

Medical Education and Research, all rights reserved). 

 

 

Figure 1.3 shows the basic anatomy of the thoracic aorta. The aorta is 

divided into two main sections; the proximal and distal. The proximal thoracic 

aorta consists of the aortic root, the ascending aorta and the aortic arch. The 

longer descending aorta segment is categorised as the distal thoracic aorta, 

and the abdominal aorta segment begins further down the vessel, below the 

abdomen. Proximal TAA surgery therefore includes procedures that address 

the proximal aorta up to and including the aortic arch via a sternotomy 

incision, without the need for a more invasive thoracotomy incision (these 

procedures upon the distal aorta are described in more detail by Safi (1998)). 
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Figure 1.3: Basic anatomy of a normal thoracic aorta, adapted from 

OpenStax College (2013). (The heart is not shown in this diagram, but would 

appear below the aortic root). 

 

As an aortic aneurysm increases in size, so the risk that the artery may 

rupture and cause a catastrophic injury also increases. The average 

diameter of a normal ascending aorta in a 75 year old woman is 

approximately 3.6ï3.7cm and 4.1ï4.2cm in a man of the same age (Hager, 

2002). Current guidelines state that a typical patient with a proximal aortic 

aneurysm measured at or above 5.5cm should be considered a candidate for 

surgical intervention, although this generalised threshold can be lowered 

based on each individual patientôs risk profile (Saliba, 2015).  

 

Unruptured TAAôs are found in the International Statistical Classification of 

Diseases and Related Health Problems 10th Revision (ICD-10), at óChapter 

IX: Diseases of the circulatory systemô, in the block óI70-I79: Diseases of 

arteries, arterioles and capillariesô. The code and description for this 
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condition is óI71.2: Thoracic aortic aneurysm, without mention of ruptureô 

(ICD-10, 2019). 

 

1.2.2  Health-related quality of life 

The World Health Organisation (WHO) define quality of life (QoL) as ñan 

individualôs perception of their position in life in the context of the culture and 

value systems in which they live and in relation to their goals, expectations, 

standards and concernsò (The WHOQoL Group, 1995).   

 

The ultimate goal of health care is to maintain or improve a patientôs QoL. 

Health is an important determinant of a personôs QoL although, as the WHO 

definition above makes clear, it is not the only one. QoL is comprised of a 

range of perceptions related to a patientôs well-being, based on their 

subjective experiences (Revicki, 2000). Many variables, both objective and 

subjective, interact to define QoL (Higginson and Carr, 2003), but it is 

dependent upon individual patient experiences, states, and perceptions of 

their illness. QoL can vary as a result of life events or changes in functional 

health status, with each area of QoL impacting the others (Revicki, 2000).  

 

Factors such as culture, religion, environment, education, social status and 

income also affect QoL but they are often neglected in the context of health 

care interventions. Patient HRQoL is one of the main concerns of health care 

professionals and over recent decades has become an important health 

outcome indicator (Greenfield and Nelson, 1992; Wilson and Cleary, 1995; 

Lam, 1997). One possible reason for this is that advances in medical science 

and technology have resulted in an increasing number of people living with 

chronic diseases and disabilities. This change in our populationôs morbidity 

pattern has called for a paradigm shift in how we should evaluate outcomes 

of illness and care. This raises questions around decision making such as: Is 

it worthwhile to keep a comatose person alive on a respirator? Is renal 

transplant a better treatment than haemodialysis for patients with renal 

failure? Is one particular health care delivery system better for patients with 
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chronic diseases than another? Traditional methods that focus on outcomes 

such as mortality rates, stroke rates and objective clinical parameters are no 

longer viewed as adequate to answer these questions (Tian-hui, 2005). 

There has been a concurrent change in public health discourse away from 

life expectancy and towards Healthy Life Years (HLY), with health outcomes 

becoming less focused on the quantity of years lived and more directed 

towards the quantity and quality of life (Hyder, 1998; Murray, 2012). 

 

Although the term is used regularly in relation to patient care, there is no 

single, established definition of HRQoL. There is, however, general 

agreement that HRQoL focuses on the functional outcome associated with a 

medical condition and/or any subsequent treatment upon a patient (Cella, 

1995; Schipper et al, 1996). This definition reflects a broad view of well-being 

encompassing the personôs satisfaction, HRQoL is therefore subjective and 

multidimensional, comprising not only the basic property of disease 

ósymptomsô but also physical and occupational performance, psychological 

wellbeing, depth of social interaction and cognitive functioning (Schipper et 

al, 1996). 

 

The measurement of HRQoL allows clinicians and researchers to further 

their understanding of the impact of diseases such as TAAs on the lives of 

patients (Guyatt, 1993). The results of these studies also allow patients to 

have a better grasp of their clinical situation. Patients who are familiar with 

relevant HRQoL results may have an increased ability to manage their own 

expectations of disease and the impact of possible treatments. In the case of 

patients with proximal TAA disease, comorbidities and complications such as 

concomitant cardiovascular or valvular disease, peripheral vascular disease, 

diabetes, renal insufficiencies or contributing congenital malformations could 

all play a part in influencing HRQoL. Equally, as TAA disease is often 

asymptomatic, the diagnosis of aneurysmal disease and the knowledge that 

this unwanted, potentially life-threatening abnormality is present may mean 

that the patient feels under increased psychological pressure, which could 

also in turn influence HRQoL. 
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Several different views exist on how to use PROMs to measure HRQoL, in 

large part due the subjective nature of HRQoL, but also due to the lack of 

distinction between independent and dependent variables, as well as 

mediating variables (Higginson and Carr, 2003). Other barriers identified that 

could limit the routine use of PROMs to gather HRQoL data are cost, 

feasibility and clinical relevance. For a measure to have clinical usefulness it 

must not only be valid, appropriate, reliable, responsive, and able to be 

interpreted, but it must also be simple, quick to complete, easy to score, and 

provide useful clinical data (Tian-hui, 2005). Introducing a PROM into general 

practice is not necessarily a straightforward undertaking, especially in 

healthcare systems which have limited resources. By way of an introduction 

to how a PROM programme may be carried out, Higginson and Carr (2001) 

provide a simple step-by-step method of firstly: Questions to ask when 

choosing a PROM (Table 1.1) and secondly: Stages to follow when 

integrating a PROM into regular clinical procedures (Table 1.2):   

 

Table 1.1: Step 1. Questions to ask when choosing a PROM to measure 

HRQoL for use in clinical practice (from Higginson and Carr, 2001). 

Order Questions to ask when choosing a PROM 

1 Are the domains covered relevant? 

2 
In what population and setting was it developed and tested, and are these similar to 
those situations in which it is planned to be used? 

3 Is the measure valid, reliable, responsive, and appropriate? 

4 What were the assumptions of the assessors when determining validity? 

5 
Are there floor and ceiling effectςthat is, does the measure fail to identify 
deterioration in patients who already have a poor QoL or improvement in patients 
who already have a good QoL? 

6 Will it measure differences between patients or over time and to what extent? 

7 
Who completes the measure: patients, their family, or a professional? What effect 
will this haveςthat is, will they complete it? 

8 How long does the measure take to complete? 

9 Do staff and patients find it easy to use? 

10 Who will need to be trained and informed about the measure? 
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Table 1.2: Step 2. Introducing a PROM to measure HRQoL into clinical 

practice (from Higginson and Carr, 2001). 

 

Order Stages of PROM implementation 

1 Review who is using which measures internally and externally 

2 Choose a measure 

3 Decide whether other outcomes also need to be monitored 

4 Involve staff and patients 

5 Adapt the measure for local use and requirements 

6 Identify a leader of the project 

7 Assign responsibilities (decide who will be doing what) 

8 Agree on a timetable 

9 Test when and where the measure will be completed 

10 Prepare and test paperwork 

11 
Plan and begin training in both the use of the measure and associated clinical 
skills 

12 Agree on start date and review period 

13 Begin using the measure 

14 Review its use in the first week and month and then at regular intervals 

15 wŜǾƛŜǿ ƛƴŘƛǾƛŘǳŀƭ ǇŀǘƛŜƴǘǎΩ ǊŜǎǳƭǘǎ ŀƴŘ ƎǊƻǳǇ ǊŜǎǳƭǘǎ ǘƻ ƛƳǇǊƻǾŜ ŎŀǊŜ 

16 
Modify measure as patients and staff feel appropriate for improving the use of 
the measure or make other changes 

 

These checklists were particularly useful for the current study, as they 

provided a structured reference for timeline planning and involvement of key 

stakeholders during the PROM development and pilot.  
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1.2.3  Patient reported outcome measures  

PROMs are a means of collecting information on the effectiveness of care 

delivered to patients, as perceived by the patients themselves (NHS Digital, 

2017). Clinical interventions no longer aim only to treat specific medical 

problems in physical terms but to improve QoL as well, these instruments are 

designed to evaluate aspects of a patientôs QoL. The intention is for PROM 

data to supplement and enrich any routinely collected clinical data for a 

particular disease and treatment, thus producing a more detailed and 

balanced information set regarding the quality of clinical interventions, and 

the success of the treatment from the patientôs point of view. 

 

Over recent years, clinicians and researchers have given greater recognition 

and academic attention to these subjective patient experiences. This 

increase in attention aims at a more holistic understanding of the patient and 

how hospital procedures which aim to treat specific diseases affect physical 

and psychosocial functioning in everyday life (Baiardini, 2010). 

 

The term óPROMô covers a group of outcomes used to measure a wide 

variety of aspects of care including: HRQoL, patient illness perceptions, 

treatment satisfaction and adherence. PROMs can be distinguished from 

other outcomes such as laboratory results and clinician or caregiver ratings 

because the data collected is from the patient's perspective, usually without 

interpretation by another individual (Patrick, 2007). Furthermore, PROMs are 

designed to focus on specific disease-related dimensions, such as the 

degree of chest pain caused by a TAA. Researchers are more frequently 

including PROMs in randomised control trials (RCTs) as they help 

demonstrate benefit, patient feelings regarding treatments and even survival 

(insofar as patients who respond can be assumed to still be alive) (Patrick, 

2007). However, PROMs tend to be evaluated as a secondary measure, and 

are rarely the primary outcome of an RCT (Baiardini, 2010). 

 

In the UK National Health Service (NHS), providers of four key elective 

interventions (unilateral hip and knee replacements, groin hernia and 
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varicose vein surgeries) were required to collect and report PROMs from 1st 

April 2009, under the terms of the Standard NHS Contract for Acute 

Services. In practice, this meant that all NHS hospitals were expected to 

invite patients undergoing one of these four relevant NHS-funded procedures 

to complete a specified pre-operative PROM questionnaire in accordance 

with the relevant guidance (Department of Health, 2008). Post-operative 

questionnaires were then sent to patients at a specified point in time after 

their operation.  

 

The UK Government White Paper, óEquity and excellence: Liberating the 

NHSô, envisaged an increase in the scope and coverage of PROMs in future, 

starting from April 2011: 

 

ñInformation generated by patients themselves will be critical to 

this process, and will include much wider use of effective tools 

like Patient Reported Outcome Measures (PROMs), patient 

experience data, and real-time feedback. At present, PROMs, 

other outcome measures, patient experience surveys and 

national clinical audit are not used widely enough. We will 

expand their validity, collection and use. The Department will 

extend national clinical audit to support clinicians across a much 

wider range of treatments and conditions, and it will extend 

PROMs across the NHS wherever practicable.ò (paragraph 2.7) 

 

In early 2016 the NHS performed a consultation on the national PROM 

programme, asking patients, clinicians, healthcare managers and academics 

about how they used PROM data. The results were subsequently published 

by the NHS England Insight & Feedback Team (2017). This report found a 

range of views towards PROMs, with many potential uses being identified for 

patients, clinicians and commissioners. The two main purposes of the NHS 

PROM programme were identified as:  

 

ñ1.  Demonstrating the effectiveness of treatments; and 

 2.  Providing information to reduce variation in careò 
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The consultation report found that where engagement from care providers, 

commissioners and patient representation groups was high, the utility gained 

from PROM results had value. However, the report also notes that in many 

cases the potential of PROMs was not being realised, with the financial and 

staffing costs of administering the programme being most keenly felt in these 

areas (the annual cost of collecting the four nationally mandated PROMs 

was estimated to be Ã825,000). The response of NHS England to the report 

findings was to discontinue the mandatory groin hernia and varicose vein 

PROM collections, as the results from these were found to be limited in 

scope. NHS England further resolved to explore digital collection of PROM 

data (whilst stressing the importance of appropriate models of patient 

consent), with the intention of increasing the timeliness of useful results and 

reducing the burden of data collection on front-line staff. They also indicated 

their intention to open up the supply of PROMs data to companies and other 

healthcare organisations in an effort to encourage innovation and new ideas. 

 

In addition, the consultation report found that there was an appetite among 

respondents for PROM collection in other clinical areas, the most frequent 

being Cancer care and Long-Term Conditions. The need for robust, 

substantiated, dedicated tools for different disease types is also emphasised, 

as only PROMs with a high level of relevance will provide the necessary 

insights for patients, clinicians and other stakeholders (Insight & Feedback 

Team, 2017).  

 

As focussed, patient-centred healthcare grows in importance, clinicians and 

researchers need a way to make health care decisions that meet the needs 

of patients. It is a key objective to ensure that treatment decisions meet 

patient and societal values, and to recognise that perceptions of treatment 

success may vary between the patient and clinicians (Revicki, 2000; Milne, 

2012). Furthermore, investigations into public perceptions of PROM data 

suggest that areas judged important by the general public have not been 

included in some commonly used measurement tools (Higginson and Carr, 

2003).  
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Collecting well designed and validated PROMs allows clinicians and 

researchers to take into account a wider array of information that cannot be 

obtained through laboratory or physical measures, and permit a subjective 

description of functioning alongside objective findings (McDowell, 2006). 

Through the collection of patient perceptions of interventions used to treat 

proximal TAAs, health care providers will be able to have a better 

understanding of which aspects of health patients value most highly and 

therefore what types of treatment may provide the greatest benefit from their 

perspectives. 

 

The tools used for evaluating PROMs can vary significantly. Evaluation tools 

may be as simple as a single question asking the patient to state their QoL; 

however, they are more likely to take the form of a questionnaire with 

multiple items, which investigate several different domains that are related to 

HRQoL (Guyatt, 1993). The common thread that exists among measurement 

tools is that they attempt to summarise the judgments patients make about 

their health and illness experiences (Higginson and Carr, 2003). PROM tools 

can be placed into two broad categories: instruments that assess general 

health and instruments that are disease-specific. 

 

Generic PROM tools investigate all important aspects of HRQoL and allow 

broad comparisons, but they do not necessarily investigate a specific aspect 

of a disease. Typically generic tools include questions relating to the four 

main domains of HRQoL: physical, functional, social and psychological 

health (de Boer et al, 2004). These tools may be less responsive to change 

as they provide an overall summary score of HRQoL, rather than a score on 

a specific area of health (Guyatt, 1993; Milne, 2012).  

 

Specific HRQoL instruments are designed to target a disease, population, or 

an outcome. Where generic tools allow broad comparisons, specific tools 

may be more responsive to HRQoL changes in the specific patient 

population under investigation (Guyatt, 1993). 
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1.3  Scope of this thesis 

This research focusses on people who have developed aneurysmal disease 

positioned somewhere in the proximal segments of their aorta, namely the 

aortic root, ascending aorta or the aortic arch. Patients who have aneurysmal 

disease in more distal areas (the descending or thoracoabdominal aorta) are 

not included within the scope of this work. Aneurysmal disease in these more 

distal aortic areas has a different natural history, aetiology and pathology to 

their proximal counterparts, along with considerably divergent treatment 

options. Proximal TAA patients are more likely to have concomitant coronary 

heart disease or heart valve insufficiencies. This could be either as a 

consequence of their aneurysmal disease, or a contributing factor towards it.  

 

The cohorts of patients who took part in the qualitative interviews and the 

PROM pilot study were all elective attendees at a single tertiary NHS 

institution located in the North-West of England ï Liverpool Heart and Chest 

Hospital (LHCH). 

 

All emergency presentations were excluded, along with any patients who had 

diagnoses of chronic or acute aortic dissection, or indeed any other acute 

aortic syndrome (AAS) such as an aortic ulcer or an intramural haematoma 

(Vilacosta, 2001). The reason for the exclusion of acute presentations was 

the impossibility of delivering a pre-operative PROM, in order to have a 

baseline measure to compare post-operative PROMs against. Chronic 

dissection patients are sometimes well enough to be placed on the surgical 

waiting list and present electively, however they were considered to have a 

significantly dissimilar pathology to proximal TAA patients, hence their 

exclusion. 
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1.4  Overview of the thesis 

1.4.1  Objectives 

The main objectives for this thesis are to develop an item suite of key themes 

which describe the lived experience of proximal TAA patients, and from this 

develop a PROM tool to measure HRQoL that is suitable for use with future 

patients who receive an elective surgical procedure to treat proximal TAA 

disease. 

 

This study aims to achieve this goal by considering a number of aspects 

related to proximal TAAs, HRQoL and PROMs: 

 

1.  To present a clear overview of the natural history of TAAôs, the risks 

and consequences of aneurysmal disease (along with the likelihood of 

concomitant heart problems) and the current treatment options that 

are available. Also to review the history, philosophy and importance of 

monitoring HRQoL as an outcome of clinical interventions and to 

describe the adoption of PROMs as the main facilitating tool for 

collecting and analysing HRQoL information. 

 

2.  To explore the key themes of HRQoL within the proximal TAA patient 

population via detailed analysis of patient testimony. 

 

3.  To design and pilot a PROM tool based on the themes emerging from 

the lived experiences of proximal TAA patients, which can then be 

used within the prospective elective patient population. 

 

4.  To establish the feasibility of using a PROM tool in the proximal TAA 

patient population. 

 

5.  To analyse and present the results of the proximal TAA PROM pilot 

study, and to make recommendations for future development and 

study. 
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The outlined work creates an in-depth understanding of how patients 

perceive their own lived experiences of proximal TAA, and helps to generate 

important PROM information for this growing cohort of patients. This PROM 

information may then be useful to inform and advise both patients and 

clinicians when designing treatment plans and hospital services to improve 

outcomes in the future. 

 

1.4.2         Chapter outline 

The thesis contains six chapters. Following on from this introduction, Chapter 

2 provides the literature review, this is followed by the methodology (Chapter 

3), qualitative study of patientsô experiences of living with proximal TAA 

(Chapter 4), PROM tool development and pilot study (Chapter 5) and an 

overall Discussion and Conclusion (Chapter 6). The content of each of these 

chapters is discussed in more detail in the following paragraphs. 

 

Chapter 2 begins by describing and discussing the aorta and aneurysmal 

disease, including anatomy, diagnosis, causes of disease, symptoms, 

treatment options and current published outcomes, including HRQoL. The 

concept of HRQoL is then covered in detail before reviewing and presenting 

current proposed best practice with regards to developing a PROM tool 

designed for regular use. The chapter reviews reports from current PROM 

programmes to investigate how tools were built, how data was reported and 

any lessons learned. This systematic critical evaluation of the literature 

establishes current practice with regards to PROM design and reporting, 

which is applied to the proximal TAA PROM tool.  

 

Chapter 3 critiques the relevant methodology and underlying assumptions 

related to the development of PROM tools. The underlying pragmatic 

philosophy of the study is also introduced and discussed, along with a 

rationale, description and definition of the mixed methods research approach 

that was used to execute the project. 

 



17 
 

Chapter 4 outlines the initial qualitative research study, covering the 

exploration of key HRQoL issues for patients who have a lived experience of 

proximal TAA disease. In-depth interview data is interrogated and presented 

in the form of a thematic analysis. A final conceptual model based on the 

data is presented and described. The methods and approach to focus group 

and the role of clinician involvement are discussed. Design considerations 

and a review of options for PROM construction are also included. 

 

Chapter 5 explores the results from the pilot of the newly designed proximal 

TAA PROM. This includes detail on patient selection, the patient population 

(such as sociodemographic characteristics, co-morbidities and treatment 

history), how the tool was finally structured and delivered to the patients, 

along with evaluation of internal consistency and test-retest reliability. 

Appropriate scoring methods are given and the longitudinal comparison 

results of pre- and post-HRQoL domains are presented and discussed. 

 

A systematic critical discussion of the research presented in this thesis, as 

well as relevant conclusions is provided in Chapter 6. This discussion also 

evaluates the strength and limitations of the research presented, and 

identifies pathways for continued future validation of the proximal TAA 

PROM, along with other further areas of research. 

 

 

1.5  Contribution to knowledge 

The purpose of this thesis is to contribute to two main areas of knowledge. 

Firstly, to identify and present the key domains of HRQoL for patients with 

proximal TAA disease. This is done via in-depth one-to-one interviews with 

patients who are either under hospital surveillance for proximal TAA disease 

(awaiting potential surgery with regular, scheduled scans to monitor any 

changes in the size of their aneurysm), or patients who have already 

undergone a previous surgery for the treatment of a proximal TAA. The 

construction of a conceptual model of patientsô perceptions and experiences 

of proximal TAA disease, and the issues surrounding their care and treatment 
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contributes to existing literature as well as identifying areas where future 

research may be carried out. 

 

Secondly, the design, refinement and piloting of a specific PROM tool for 

elective, surgical proximal TAA patients contributes to the practical medical 

literature. Previous research has been done on monitoring HRQoL in similar 

patient populations, but this was done using generic tools rather than 

specifically designed questionnaires based on patient testimony and expert 

clinical agreement. One further contribution that the design of this pilot study 

makes is the delivery of not one but two post-operative PROMs. The study 

protocol specified that follow-up PROMs should be sent at both six-weeks 

and at three months after the patient had their initial operation. The details of 

this approach are expanded upon in Chapter 4, but the data gathered from 

the double delivery of post-operative PROM questionnaires will allow more 

refined conclusions and recommendations to be made regarding the effects 

of treatment on proximal TAA patient HRQoL during the initial weeks and 

months of the post-operative phase. 
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Chapter 2 

On thoracic aortic aneurysms, health-related quality of life 

and patient reported outcome measures ï a review of the 

literature 

 

2.1  Introduction 

In addition to the traditional clinical indicators associated with patients, the 

practice of regularly measuring health outcomes from the perspective of the 

patient is now widespread (Dawson, 2010; Black, 2013). This chapter 

investigates in more detail the natural history, aetiology and pathological 

presentation of aortic aneurysmal disease and the concept of HRQoL. The 

literature related to patient HRQoL data via PROMs will be reviewed and 

current practice will be compared with and contrasted to prevailing 

methodologies and guidance. 

In order to sufficiently understand the position of the patient suffering from an 

aortic aneurysm, Section 2.3 includes a brief history of medical treatment for 

the condition, this is followed by an examination of current understanding on 

the causes, symptoms and consequences of the disease. In Section 2.4, an 

overview of the literature on the topic of HRQoL is presented. Section 2.5 

then evaluates the concept of PROMs, and provides the rationale for the 

creation of a disease specific tool for the collection, analysing and reporting 

of patient data. 

 

2.2   Objectives for this chapter 

This chapter aims to critically evaluate the current literature to: 

¶ Create a comprehensive overview of aortic aneurysms, HRQoL 

and PROMs, thus updating and adding to previous reviews 
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¶ Provide a rationale for the development of a new PROM tool that will 

allow HRQoL to be collected, analysed and reported in patients with 

proximal aortic aneurysmal disease 

 

2.3  Thoracic aortic aneurysms 

2.3.1  History 

In the Merriam Webster Dictionary (1999) the word aorta is said to derive 

from the ancient Greek word ŬɧɟŰɖ (aorte), meaning ñto liftò or ñto raiseò, 

demonstrating the anatomical nature of the aorta raising blood flow away 

from the heart. It is recorded as the term applied by Aristotle to the great 

artery of the heart, and was used earlier by Hippocrates to name the 

branches of the windpipe. Accurately pinpointing the origin of words is not 

easy, however, and there is some discussion about how the word may have 

first been coined (Albinali, 2007). 

Evidence gathered from the close examination of Egyptian mummies dating 

from 3500 years ago, revealed that atherosclerosis (see Ross, 1986) and 

arterial calcification were relatively common during those times. Also one of 

the earliest known medical writings from the Egyptian Ebers Papyrus, 

thought to have been composed circa 1550 BC, contains a passage where 

the writer seems to identify arterial aneurysms, and recommends the 

following treatment: ñTreat it with a knife and burn it with a fire so that it 

bleeds not too much.ò (Barker, 1992). 

Thompson (1986) provides a concise history for the medical treatment of 

aneurysms, which includes the work of the Greek writer Oribasius, who lived 

in the 4th century AD. According to Oribasius, a Greek surgeon named 

Antyllus in the 2nd century AD, left an early record of his advised therapy for 

aneurysms at that time, although these original writings have been 

destroyed. Oribasius noted Antyllusôs recommendations as follows, ñWe 

decline exceptionally big aneurysms, but we will operate as follows on 

aneurysms in the extremities, the limbs and the head.ò Antyllus applied 



21 
 

ligatures to the arteries that entered and left the aneurysm and then cut into 

the aneurysm sac, removed the contents, and packed the cavity. Antyllus did 

not resect the aneurysm sac. He offered the following useful instruction, 

ñThose who tie the artery, as I advise, at each extremity, but amputate the 

intervening dilated part, perform a dangerous operation. The violent tension 

of the arterial pneuma often displaces the ligatures.ò (Crowe, 1957). 

The next noteworthy advance in aneurysmal treatment came from Ambroise 

Par® (1510-1590), who advocated the application of proximal ligature to 

aneurysms but did not believe the sac should be opened because of the 

danger of fatal bleeding. Par® also described a ruptured aneurysm of the 

thoracic aorta and wrote, ñThe aneurysms which happen in the internal parts 

are incurable.ò (Slaney in Greenhalgh, 1990; Barker, 1992). Andreas 

Vesalius (1514-1564) was a friend of Par® and was the first to describe 

thoracic and abdominal aortic aneurysms (Garrison, 1921). 

John Hunter (1728-1793) studied the development of collateral circulation of 

occluded main arteries, which led to his method of treating aneurysms. He 

gained success by ligating the superficial femoral artery high in the thigh, in 

the area now known as Hunterôs canal. This case represented the first major 

innovation in the treatment of aneurysms since the Antyllus operation of the 

2nd century (Perry, 1993). 

Astley Cooper (1768-1841) made contributions in many fields of surgery, but 

his name is linked foremost to advances regarding the vascular system. In 

1817, he provided the first recorded case of ligation of the aorta to treat a 

leaking iliac aneurysm (Brock, 1952). 

Rudolph Matas (1860-1957) introduced endoaneurysmorrhaphy by obtaining 

proximal and distal control, incising and removing the aneurysmal clot, 

oversewing collaterals and preserving a lumen of blood flow. This technique 

successfully reduced the occurrences of gangrene and amputation that 

usually followed aneurysmal surgery and is a principle still used today 

(Matas, 1888; Elkin, 1940). 
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In between Matasô experience and the mid-20th century several methods of 

treating aortic aneurysms were employed, such as needling, wiring, proximal 

banding, ligation, cellophane wrapping and electrothermic coagulation. 

These techniques had persistent advocates, but ultimately fell out of favour 

(Osler, 1909; Nunn, 1995; Blakemore, 1952). 

There was an advancement of diagnostic testing throughout the 20th century, 

including aortography via clinical angiography (see Wilms, 1995). Treatments 

also improved and in 1945 teams in Sweden and Boston (Crafoord, 1945; 

Gross & Hufnagel, 1945) reporting successful end-to-end anastomosis of the 

aorta to treat coarctation (or aortic narrowing, see Section 2.3.6.3 and Rao, 

2005). This progressed in the 1950ôs with great steps forward in successful 

aortic aneurysm resection. Between 1951 and 1953, several landmark 

operations took place in quick succession from international teams (Schafer, 

1951; Dubost, 1952; Julian, 1953; Brock 1953; DeBakey 1953a; Bahnson 

1953). 

The legitimacy of using a homograft replacement for aneurysmal treatment 

was a considerable step forward, but obtaining suitable arteries and veins for 

this type of procedure was a significant limitation. Consequently, the 

development and use of arterial prostheses began in the early 1950ôs with 

tubes of Vinyon-N being implanted into animal subjects (Voorhees Jr, 1952). 

The materials used in these prostheses quickly advanced through Nylon to 

implants constructed from Teflon and Dacron. Surgeons including DeBakey 

(1958) and Szilagyi (1966) worked closely with textile engineers to produce 

these elasticised, woven implants. Refined versions of these man-made 

devices are still in use today (Spadaccio, 2016) 

Aneurysms of the thoracic aorta have long presented a challenge to 

surgeons. Aneurysms located in the proximal aortic segments can be 

saccular, fusiform or associated with an aortic coarctation (see Figure 2.3 for 

more detail on aneurysm morphology). Surgical techniques to tackle these 

life-threatening conditions have developed from Alexander (1944) simply 

resecting the aneurysm with the coarctation and sewing the ends without 

incorporating an anastomosis or graft. Swan (1950) wrote the first report of 
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surgical removal of an aneurysm associated with a coarctation and use of a 

homograft replacement.  Then in 1951, Gross reported five cases of 

aneurysm associated with coarctation that he treated by means of resection 

and homograft. By the early 1950ôs, Bahnson (1953) and Cooley (1952) had 

resected saccular aneurysms and repaired the arterial walls using lateral 

stitching. DeBakey and Cooley (1953b) reported the first case performed 

with a successful resection and graft of a fusiform thoracic aneurysm. Since 

that time, all sections of the proximal and distal thoracic aorta from the root to 

the diaphragm have been operated on successfully and replaced using a 

variety of custom made prostheses.  

 

2.3.2  The aorta 

The aorta is the largest artery in the human body. It is the blood vessel 

attached to the heart that carries oxygenated blood to all parts of the body 

through systemic circulation. The aorta is divided anatomically into the 

thoracic and abdominal components.  

The thoracic aorta, which is located above the diaphragm, is further divided 

into the proximal segments (aortic root, ascending aorta and aortic arch) and 

the distal descending aorta (see Figure 2.1).  
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Figure 2.1: The aorta and its major branches (Hªggstrºm, 2017) 

In a normal aorta, the aortic root supports the bases of the aortic valve 

leaflets. The ascending aorta, located between the aortic valve and the 

innominate artery, is approximately 5 cm long. The three sinuses of Valsalva 

are the pockets of tissue which bulge outwards at the aortic root. These allow 

the aortic valve leaflets to manoeuvre during normal heart contractions. 

Typically, there are three aortic valve leaflets which span the aortic orifice, 

during a heart contraction the valve leaflets are pushed open to allow blood 

to flow through the aorta, they then close to seal and prevent any backflow. 

The left and right coronary arteries both emerge from the sinuses of Valsalva 

and supply blood to the heart itself. The innominate, or brachiocephalic, 

artery emerges from the proximal arch and splits into the right subclavian 

and right carotid arteries which supply blood to the right arm and the right 

side of the neck and head, respectively.  Then the left carotid artery (which 

supplies blood to the left side of the neck and head) and the left subclavian 

(supplying the left arm), both subsequently emerge from the aortic arch. 
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The point where the aortic arch joins the descending aorta just distal to the 

left subclavian artery is called the aortic isthmus, the aortic arch ends at the 

level of the T4 vertebra or around the second rib. The thoracic aorta is 

relatively mobile and tears may occur at points of anatomical fixation, the 

aortic isthmus is where the aorta is attached to the chest wall by the 

ligamentum arteriosum and is particularly vulnerable to trauma. The 

descending aorta is situated distally from the left subclavian artery and 

descends to the diaphragm.  

The walls of the aorta consist of three layers (see Figure 2.2): the tunica 

(layer, or covering) intima, the tunica media, and the tunica adventitia. The 

intima is the thin, delicate inner layer that is directly in contact with the blood. 

It is lined by slender, plate-like endothelium cells which can be easily 

damaged, the production of reactive oxygen species (ROS) by these 

endothelium cells may be a contributing factor of aneurysm formation (Miller, 

2002).  

The middle, or medial, layer is composed of intertwined sheets of elastic 

tissue such as elastin, collagen type I/III, proteoglycans and vascular smooth 

muscle cells (VSMCs) (Wolinsky, 1967). These elements are arranged in a 

spiral manner that provides tensile strength and elasticity; this allows the 

vessel to comfortably respond to changes in blood pressure.  Aneurysmal 

formation will, over time, significantly reduce the integrity of these load-

bearing cells via the degradation of the elastin and the deposition of 

collagen, resulting in a stiffer, less mobile aorta. 

The adventitia is the thin outer layer containing the structural protein 

collagen, nerve fibres, fibroblasts, and vasa vasorum. It is also affected when 

aneurysms form. 
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Figure 2.2: Cross section of an arterial wall, showing the three layers of 

composition (Blausen, 2014c) 

 

2.3.3  Defining and describing aneurysms 

The word óaneurysmô is derived from the Greek ɜŮɨɟɡůɛŬ (aneurysma), 

which means ña widening/an openingò (Antoniou, 2011; Suy, 2006). Slezac in 

Magillôs Medical Guide (2018) defines an aneurysm as ñA localised dilatation 

of a blood vessel, particularly an artery, that results from a focal weakness 

and distension of the arterial wallò.  This arterial weakness can be brought 

about by atherosclerotic plaque formation which over time erodes the vessel 

wall, or by the loss of the structural fibres elastin and collagen within the 

vessel itself potentially caused by inflammatory diseases or genetic 

disorders. The enlargement of the blood vessel typically occurs gradually, 

and the weakness of the arterial wall becomes more pronounced over time 
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as the vessel shape, and consequently the flow of blood, alter (Klein, 2005). 

Congenital abnormalities, trauma and infections can all lead to the formation 

of aneurysms. 

If an aneurysm expands beyond the point where the vessel wall remains 

intact, and the artery ruptures and splits open, this is known as óaortic 

dissectionô and has the potential to cause massive haemorrhage and death 

(Munson, 2005).  

Aneurysms can take several different forms (see Figure 2.3).  

 

Figure 2.3: Types of aortic aneurysms (text from Munson, 2005) 

  

2.3.3.1 Aneurysm morphology 

A fusiform aneurysm develops when the arterial wall weakens around the 

whole of its circumference, this creates a symmetrical swelling along an 

extended section creating an aneurysm with the appearance of a spindle. 

Saccular aneurysm formations occur when increased pressure in the artery 

pushes out a pouch on one side of the artery, creating a unilateral bulge. 

These types of aneurysm are less common than fusiform ones, and are 

perceived as carrying a greater risk of rupture than their fusiform 

counterparts (Shang, 2013; Szilagyi, 1966). 
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A dissecting aneurysm occurs when blood is forced between the layers of the 

arterial wall, causing them to separate and creating a false lumen. 

A false aneurysm (also known as pseudoaneurysm) develops when there is 

a break in all layers of the arterial wall and blood leaks out, but is contained 

by surrounding structures. This creates a haematoma, or blood clot, which 

pushes the arterial wall outwards. These types of aneurysm usually occur 

after trauma.  

Common aneurysmal locations include: 

Thoracic aortic aneurysm ï an abnormal progressive dilation of the normal 

aortic lumen involving all three layers of the vessel wall (the intima, media 

and adventitia). Occurring in one or more of the root, ascending, arch, or 

descending segments of the aorta. 

Abdominal aortic aneurysm ï an abnormal progressive dilation in the arterial 

wall, generally occurring in the aorta between the renal arteries and iliac 

branches. The aorta appears to be more susceptible to aneurysms than 

other blood vessels. The reason for this is thought to be because the aorta is 

the first artery to receive blood from the heart, and it is therefore placed 

under uniquely high levels of pressure. If there are any deficiencies in the 

wall of the aorta, it is more likely that aneurysms will occur (Fogoros, 2018)  

Aneurysms can also occur in other areas of the body, for example a cerebral 

aneurysm is a localised dilation of a cerebral artery that may arise at an 

arterial junction in the circle of Willis, the circular anastomosis forming the 

major cerebral arteries at the base of the brain. 

Femoral and popliteal aneurysms (sometimes called peripheral arterial 

aneurysms) are the end result of progressive atherosclerotic plaque growth 

changes occurring in the arterial walls of these major peripheral arteries.  
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2.3.4 Personal risk factors associated with aortic 

aneurysms 

Personal risk factors for developing aortic aneurysms differ based on the age 

of the individual. In older people, atherosclerosis is likely to be a contributor 

to aneurysmal formation. Hypertension (high blood pressure), smoking and 

chronic obstructive pulmonary disease (COPD, a group of lung conditions 

that cause breathing difficulties) are all also significantly associated with an 

increased risk (Hiratzka, 2010; Fogoros, 2018). In younger patients, genetic 

or physiological variations are more common. However, there have been 

proposals dating back decades that the sole underlying cause of aortic 

aneurysms may be genetic anomalies. Kuivaniemi (1991) states that: 

ñreports from several groups [have] established that aortic 

aneurysms are familial, and, therefore, strongly suggested that 

they are caused by genetic defectséThe family studies did not 

contradict the general impression that the development of 

aneurysms is accelerated by atherosclerosis, hypertension, and 

other factors. In fact, the higher incidence among brothers than 

sisters of patients strongly suggested a secondary component 

such as atherosclerosis contributes to the disease. The results, 

however, strongly suggested that a genetic defect unrelated to 

any genetic defect causing atherosclerosis or hypertension is 

the underlying cause of most aortic aneurysms.ò 

Studies continue to hypothesise on the fundamentally genetic nature of aortic 

aneurysms. Humphrey (2015) observes: 

ñAn emerging concept is that altered cellïmatrix 

connectionséplay important roles in TAADs. Given that such 

connections are fundamental determinants of cell phenotype 

and cell survival, this hypothesis is intuitive. Based on our 

review of the mechanics and mechanobiologyéwe submit 

further that many of the identified genetic mutations in [aortic 
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aneurysms]édirectly affect the structural integrity of the aortic 

wall.ò  

Genetic syndromes with a predisposition for thoracic aortic aneurysms have 

been identified and are covered in more detail later in this chapter.  

Thoracic aortic aneurysms are also associated with bicuspid aortic valve and 

other congenital cardiovascular anomalies and inflammatory diseases. Also, 

as Kuivaniemi alludes to, some thoracic aortic aneurysms are due to an 

inheritance of a predisposition for the disease, this has been termed ófamilial 

thoracic aortic aneurysm syndromeô. Still others have an unknown origin 

(Hiratzka, 2010). 

 

2.3.4.1 Atherosclerosis 

The role of atherosclerosis, or the build-up of plaque inside an artery (see 

Figure 2.4), highlights the differences in aetiology, pathology and natural 

history of aneurysmal development in different segments of the aorta.  

 

Figure 2.4: Normal artery and artery narrowed by atherosclerotic plaque 

(Dreamstime, 2019) 
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Atherosclerosis tends to be accepted as a key risk factor for the formation of 

aneurysms in the descending and abdominal aorta. However, the effect that 

atherosclerosis has on aneurysmal formation in the thoracic aorta is 

disputed. The European Society of Cardiology Task Force Report on 

óDiagnosis and management of aortic dissectionô (Erbal, 2001) makes the 

following generalised statement: ñAtherosclerosis is the main cause of aortic 

aneurysmsò. This conclusion is based solely on the findings of two autopsy 

studies. There is however, some subsequent evidence that suggests patients 

who suffer with thoracic aneurysms actually develop less systemic 

atherosclerosis than age and sex-matched controls (Achneck, 2005).  This 

finding has been supported by laboratory testing that has investigated 

enzymes linked with ascending aortic aneurysms and dissections, these 

enzymes are known as matrix metalloproteinase (MMP). It has been 

hypothesised that an increased level of MMPs could encourage the growth of 

aneurysms at the same time as disintegrating any formations of 

atherosclerotic plaques (Elefteriades, 2010; Silence, 2002). 

Isselbacher (2005) also maintains that atherosclerosis is ñan infrequent 

cause of ascending thoracic aortic aneurysmsò, and that plaque build-up as a 

contributing factor is more associated with descending and abdominal aortic 

aneurysms.  

Currently, it seems that the relationship between atherosclerosis and 

aneurysmal development is not fully understood. Further detailed 

investigation is required to reveal the extent of contribution towards 

aneurysmal disease, based on both the position of the aortic aneurysm in the 

vessel itself and the presence of other important factors such as MMP 

enzymes. 

 

2.3.4.2 Degenerative changes 

The underlying cause of the tissue abnormality that results in thoracic aortic 

aneurysms is the degeneration of the central (medial) layer of the blood 
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vessel. This degeneration presents as a loss of the smooth muscle cells, a 

breaking up and reduction in the numbers of the elastic tissue fibres, and an 

increase in the number of proteoglycans (Guo, 2006).  Proteoglycans are 

connective tissue proteins which are produced by smooth muscle cells. 

When the tissue is subjected to low levels of mechanical strain these 

proteins are created in greater numbers. It has been suggested that genetic 

mutations could lead to a decrease in smooth muscle cell contraction, 

leading to increased tissue strain and resulting in the cells increasing 

production of both proteoglycans and MMPs (Milewicz, 2008).  

This fragmentation of the normal cellular construction of the aorta most often 

results in a cyst-like formation in the medial layer of the vessel wall (see 

Figure 2.5). This cystic medial degeneration, also known as cystic medial 

necrosis, weakens the wall of the aorta and encourages the formation of an 

aneurysm. In a person with cystic medial degeneration, high blood pressure 

greatly accelerates the condition and makes rapidly-developing aneurysms 

much more likely (OôRourke, 2004). As noted above, proximal thoracic aortic 

aneurysms are most often the result of these non-atherosclerotic 

degenerative changes, in contrast to descending and abdominal aortic 

aneurysms which tend to be associated with atherosclerosis. 

 

Figure 2.5: Structure of a normal and a diseased aortic wall, showing both 

elastic tissue and smooth muscle cells (adapted from van de Pol, 2017). 
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Cystic medial degeneration is usually associated with aging, but it also can 

be seen in some younger people, especially individuals who have a genetic 

disorder (Rubin, 1999, p.522; Underwood, 2000, p.278ï279). The different 

types of genetic disorder which can have an effect on aneurysmal formation 

are discussed in greater detail over the following pages. 

 

2.3.5 Genetic disorders associated with aortic 

aneurysms 

The gene mutations that can lead to the formation of aortic aneurysms are in 

the early stages of being identified. To date, 30 genes have been shown to 

have an association with the development of thoracic aortic aneurysms or 

dissection (Brownstein, 2018). Genes that have been recognised as being 

important include: FBN1, TGFBR1, TGFBR2, COL3A1, ACTA2 and MYH11.  

Mutations of these genes, and the syndromes associated with these 

mutations, can cause a variety of clinical features that may contribute to 

aneurysmal development and growth. These associated genetic features 

may have consequences for patient treatment, especially if they are 

cardiovascular in nature. Or if the patient has other coexisting clinical issues 

to consider then their recovery or care may have to be adapted to take them 

into account. Some examples of these features are:  

¶ Bicuspid aortic valve (BAV). A normally developed aortic heart valve 

has three leaflets (known as tricuspid), which open and close when 

the heart beats. In BAVôs two of these leaflets are fused together 

when the heart is growing in the womb. This results in a disrupted 

blood flow into the aorta (McKellar, 2007). More detail on BAV is 

provided in Section 2.3.6.1. 

 

¶ Livedo reticularis, which presents as a mottled, purplish 

discolouration of the skin, where small blood clots have obstructed 

capillary vessels (Sneddon, 1965).   
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¶ Iris floccule, where tiny cysts in the eye have a constant progression 

of breaking down and building up again. This presents as wrinkled 

blobs on the margin between the iris and the pupil. Patients do not 

usually report any problems with vision (Shields, 2016).   

 

¶ Patent ductus arteriosus, which is a condition seen after birth when 

the ductus arteriosus fails to close. The ductus arteriosus is a blood 

vessel that connects a foetusôs main pulmonary artery to the 

proximal descending aorta, allowing oxygen-filled blood to bypass 

the lungs. In a typical birth this closes off and becomes the 

ligamentum arteriosum (see Section 2.3.2 and Zhu, 2006).  

 

¶ Thin, translucent skin 

 

¶ Arterial tortuosity, this rare disorder is characterised by elongation, 

stenosis and tortuosity (or an excessively frequent twisting) of a 

personôs arteries. This arterial dysfunction is caused by genetic 

mutation of the elastic fibres in the medial layer of the artery (see 

Section 2.3.2 and Couke, 2006).  

 

 

 

2.3.5.1 Marfan syndrome 

A French paediatrician called Antoine-Bernard Marfan was the first to 

describe the skeletal abnormalities, including an overgrown frame and soft, 

hyper-flexible joints which typify the connective tissue disorder eventually 

named after him (Marfan, 1896; Verstraeten, 2016).   
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Figure 2.6: General manifestation of Marfan syndrome (Reprinted by 

permission from Springer Nature: image originally in ñGenetics and 

Dysmorphologyò by Naga et al, Copyright 2015). 

Since that time, many other clinical features have been linked to the disease. 

These include several eye, skin, and cardiovascular presentations such as 

lens displacement, short-sightedness, loose skin, stretch marks, aortic 

aneurysms and floppy heart valves. The cardiovascular problems are 

understandably the major culprits for the high rates of morbidity and mortality 

in patients who have Marfan syndrome (Cook, 2015).  

The gene mutations that cause Marfan syndrome have been isolated to the 

FBN1, or fibrillin 1, gene (Dietz, 1991). FBN1 encodes a type of protein 

which is used by the body to create tissue fibres, including bone. FBN1 is 

particularly used for fibres that contain important qualities such as elasticity 

and structural support.  

Patients with Marfan syndrome are highly predisposed to thoracic aortic 

aneurysms disease or aortic dissections, virtually every patient diagnosed 

with the syndrome has evidence of aortic disease at some point during their 
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lifetime (Hiratzka, 2010). The population incidence of Marfan syndrome is 

approximately 1 in 3,300 worldwide (Arslan-Kirchner, 2010). 

 

 

2.3.5.2 Loeys-Dietz syndrome 

Loeys-Dietz syndrome is a genetic disorder with similar characteristics to 

Marfan syndrome, in that it is a genetic dysfunction which affects connective 

tissue in the body. The disorder was first observed and described by Drôs. 

Bart Loeys and Harry Dietz at the Johns Hopkins University School of 

Medicine in 2005 (Loeys, 2005). A key defining feature of patients with the 

disease is the presence of aortic aneurysms or dissection (Loeys, 2006).  

As well as aneurysmal formation, patients with Loeys-Dietz syndrome 

typically present with three common physical abnormalities, arterial tortuosity 

(see Section 2.3.5), wide spaces between the eyes and bifid uvula or a cleft 

palate, or a palate with a wide base and prominent ridge. Other features of 

these patients include: velvety and translucent skin which can bruise easily, a 

malformed skull, jaw or lower face, a blue tint to the whites of the eyes, 

patent ductus arteriosus (see Section 2.3.5), atrial septal heart defects, 

developmental delays or learning disabilities, spine abnormalities and joint 

hyper-flexibility (MacCarrick, 2014; Hiratzka, 2010). 
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Figure 2.7: Characteristics of the LoeysïDietz Syndrome. Panel A shows 

typical facial characteristics of patients with LoeysïDietz syndrome type I at 

different ages. Panel B shows the facial characteristics of a patient with 

LoeysïDietz syndrome type II. The translucency of the skin is evident, with 

visible veins and distended scars. Panel C shows a patient who had type I 

with a bifid uvula (Loeys, 2006. Reproduced with permission from the New 

England Journal of Medicine, Copyright Massachusetts Medical Society). 

As well as the aneurysmal formations and/or aortic dissections that define 

Loeys-Dietz syndrome, the gene mutations that cause the syndrome have 

been identified as occurring in the TGFBR1, TGFBR2, SMAD2, SMAD3, 

TGFB2 and TGFB3 genes (Loeys, 2018). The four TGF genes are in the 

transforming growth factor category, these types of gene are essential for 
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tissue regeneration, cellular development and immune system regulation 

(Matt, 2009). The two SMAD genes are part of the TGF genetic process, 

they are activated by the TGF gene and combine to form protein-based 

cellular building blocks for creating tissues. Mutations in these genes lead to 

the production of non-functional cells which leads to physical abnormalities in 

blood vessels, cartilage and skin development (van de Laar, 2011). The 

population incidence of Loeys-Dietz syndrome is unknown, although 

mutations affecting TGFBR1 and TGFBR2 appear to be the most common. 

 

2.3.5.3 Ehlers-Danlos syndrome 

Ehlers-Danlos syndrome (EDS) is a group of genetic disorders that are 

characterised by abnormalities of the skin, joints and connective tissues, 

particularly stretchy or hyper-elastic skin, hyper-flexible joints and 

cardiovascular malformations. Although hypermobility was first described in 

400 BC by Hippocrates (Beighton, 2011), and a comprehensive description 

of loose, fragile skin and hypermobile joints was published in late 19th 

century Russia by Tschernogobow (1892), the syndrome is named after two 

dermatologists ï Edvard Ehlers and  Henri-Alexandre Danlos ï one Danish 

and one French respectively, who independently published their findings in 

the early 20th century (Ehlers, 1901; Danlos, 1908). 

The system of classifying patients with EDS currently contains 13 different 

types. The type most associated with aneurysmal formation is Type IV, or 

vascular EDS. Patients who present with vascular EDS typically have very 

thin, fragile skin which bruises easily and has visible veins, they are also 

usually of short stature, have thin scalp hair and possess distinguishing facial 

features including large eyes, a small chin, sunken cheeks, thin noses and 

lips, and ears without lobes (Inokuchi, 2014). Internal arteries are particularly 

delicate and are predisposed to rupture, so surgical interventions are often 

limited to those life-threatening scenarios where aortic rupture occurs 

(Hiratzka, 2010), surgeons who have attempted arterial reconstruction in 
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these patients have found the task a formidable challenge and advise to 

carry out only the most straightforward procedures (Ascione, 2000).  

The diagnosis of vascular EDS is based on mutations to the COL3A1 gene. 

This gene provides instructions for making type III collagen, which is a 

protein that provides strength and support to many different types of bodily 

tissues (Kontusaari, 1990). 

 

Figure 2.8: Examples of skin and joint presentations of EDS from Chen 

(2014). Skin hyperextensibility (A). Joint hypermobility at fingers (B). 

(Reproduced with permission from the New England Journal of Medicine, 

Copyright Massachusetts Medical Society). 

The combined prevalence of all types of Ehlers-Danlos syndrome varies 

between 1 in 10,000 and 1 in 25,000 individuals worldwide. EDS type IV 

represents approximately 5 to 10% of cases (Germain, 2007) 

 

2.3.5.4 Turner syndrome 

Turner syndrome is a condition that occurs in females where they are 

partially or completely missing their X chromosome. It is named after Henry 

Turner, who in 1938 was the first to describe the disorder in detail (Turner, 

1938).  

As well as developmental, endocrine and reproductive problems, Turner 

syndrome also has a detrimental effect on the cardiovascular system. The 


