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Chapter 1

Introduction

1.1 General introduction
The aim of t his t hesi s i s to contribute
reportingr ofatheedal qhal i ty of i fe (HRQoL

patients undergaoarggcalh eépaiti vef sa proxi

aneurysm (TAA) .

Thi s i s addressed, initially, with a | i:
aneurysms, the measurement of health out
use of guestionnaire enstuamentpsatdestgp
these questionnaires are known as Patie
( PROMs) .

Subsequentl vy, gualitativaelepetheamdlkrr vhnewgd
used to develop of a conceptual mod e | of
of their di agnosi s, treat ment and recov

i ncluded a set of t hemes t hat wer e used
PROM instrument .

Finally, the proxi mal TAA PROM itself wa
and sengi tofv the tool were assessed. Bef
ai ms, objective and structure of this t|
aortic aneurysms, HRQoL and PROMs is givV

i s clarified.



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 15™ leading cause of death in individuals aged over 55 years and the
19" 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 patientds

perspe



Figure 1.1 shows the position of the heart and its major anatomical
component s, including the origin of the

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

Pulmonary
Valve

g Ventricle
Ventricle

Fi gur elhle. houman heart and its m@damdanat o
frddhau®mand 2)0140Db

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 beginstobulgeout Al i ke

a weak spot in a tireo (sic. as US spel |



Enlarged
aorta

Normal heart and aorta Heart with an enlarged aorta

Figure 1.2: A normal heart and aorta, and a heart with an aortic root
aneurysm(Mayo Cl ipised 2P®&XIMMi ssion of Mayo Founda
Medi cal E d WRceasteiaanc hanmdas ér vedht s

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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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 3.67 3.7cm and 4.1i 4.2cm 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 patientds ri sk |
Unruptured TAAOGs are found in the I nterrt
Diseases and Related Health Problems 10th Revision (ICD-1 0 ) , at oO0Chap
I X: Di seases of t he <circul-ld@x Disegsesofy st e mo6 .
arteries, arterioles and capill arieso.



condition is o611 71. 2: T hornaecnitci oano rotfi cr uapnteuurre
(ICD-10, 2019).

1.2.2 Health-related quality of life

The World Health Organisation (WHO) define
i ndividual 6s perception of their position in
value systemseyi hiwbaiahdtin relation to thei
standards and concernslo9 5The WHOQoL Group,

The wultimate goal of heal th care is to main
Heal th is an important determinantO of a per :
definition above makes <cl ear, it i's not the
range of perceptions r ebleatnegd thaemsad pahi d&rmte
subjective experiences (Revicki, 2000) . Man
subjective, i ntoeLr a(cHi gtgoa ndehi mendQ Car r , 2003
dependent upon individual patient experienc
their illness. QoL can vary as a result of

health status, with each areac2@d(dolL i mpact:i
Factors such as culture, religion, environm
income also affect QoL but they are often n
care interventions. Patient HRQoL is one of
profeatsoand over recent decades has becom
outcome indicator (Greenfield and Nel son, 1
Lam, 1997). One possible reason for this is
and technology have reswmbeedoinpaonopliecteashn
chronic diseases and disabilities. This cha
pattern has called for a paradigm shift in

of il Il ness and care. This raises duwestions a3
it worthwhile to keep a comatose person al
transpl ant a better treat ment t han haemodi
failure? | s one particular health care del i’



chronic diseasé@s Tradntapnaoabahemethods that
such as mortality rates, stroke rates an
l onger viewed as adequate t o-huwin,sw2©O05)h.e
There has been a concurrent chwaygef i oaompl
|l i fe expectancy and towards Healthy Life
becoming |l ess focused on the quantity o
towards t he quant iHyder, 1898,dMurgay, a012).t y of | i f e

Al t hough the germrliy usedelr@&ti on to pat

singl e, established definition of HRQo
agreement that HRQoL focuses on the func
medi cal condition and/ or any suBsllgagent
1995; Schipper et al, 1996). Thi-lseidred i ni
encompassing the personés satisfaction,

mul tidi mensional, comprising not only

Osymptoms6é buatlt alnsdo oglkwyiad i onal perf or meé
wel |l bei ng, depth of soci al i nteraction a
all,o96

The measur ement of HRQoL allows <clinici
their understanding of ht hes IiTRAA&ctonoft hedi
patients (Guyatt, 1993) . The results of
have a better grasp of their clinical S i
rel evant HRQoL results may have an incre
expectations of disease and the i mpact o
patients with proximal TAA disease, cO0mo.l

concomitant cardiovascul ar or val vul ar d

di abetes, reeamcalesi mgufcfoindiri buti ng congeni
al | pl ay a part I n influencing HRQoL.
asymptomati c, the diagnosi s of aneurysma

this unwanted;t hp etad retnii anlgl yp blaisfeent| may ime
that the patient feels wunder increased |

also in turn influence HRQoOL.



Sever al di fferent views exi st on how to use

| arge part due the subjective nheultackf oHRQ
di stinction bet ween i ndependent and depend
medi ating variables (Higginson and Carr, 200
could i mit the routine wuse of PROMs to g
feasi bilityl emadnccel.i nFacrala rmmeasure to have cl
mu s t not only be wvalid, appropriate, relia
interpreted, but 1t must also be simpl e, qgui
provide useful -hcdii,ni2c0a0® Jduactilamg( Tai aPhPROM 1 nt o g ¢
practice i s not necessarily a straightforyv
heal thcare systems which have | imited resour

to how a PROM programme may be carried out,
provadei mplbeystsapppmet hod of firstly: Quest i
choosing a PROM dnmablsecondl y: Stages t o f
integrating a PROM into reggyg2ar clinical pro

Tabl e StLtebp: 1. Questions to ask whemrehoosi ncg

HRQoL for wuse in cHiighgicmdomprarcd i €Caer r(,f ro000 1) .

Order Questions to ask when choosing a PROM

1 Are the domains covered relevant?

In what population and setting was it developed and tested, and are these simil
those situaions 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?

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

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

Who completes the measure: patients, their family, or a pssfonal? What effect

! will this havethat 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?

8



Tabl e Sted: 2. g nar dPARLOAM nt o measur e

practi cHa g(gfirnsmmn and Carr, 2001) .

HRQo L

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 norad
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 contgte
10 Prepare and test paperwork
11 Plan and begin training in both the use of the measure and associated clini

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 gutar intervals
15 WSOASS AYRAGARZ £ LI GASydaQ NBadz
16 Modify measure as patients and staff feel appropriate for improving the use
the measure or make other changes
These <checklists werehearctuiragwlndr Isyt udsef

provided a structured reference for

t

me

stakeholders during the PROM devel opment



1.2.3 Patient reported outcome measures

PROMs are a means of col | ecitviennge sisn foofr ncad ri e0 n
delivered to patients, as perceived by the
2017) . Clinical interventions no |l onger air
problems in physical terms but to i mprove Qo
desi gnewaltuat e aspects of a patientds QoL. T

data to suppl ement and enrich any routinel"
particul ar di sease and treat ment , t hus pro
bal anced information setl i megaddiimg etrivenguah
the success of the treatment from the patien

Over recent years, clinicians and researcher

and academic attention to t hese Ssubjecti v

i ncreasdiiom atitmesn at a more holistic underst
how hospital procedures which aim to treat
and psychosocial function2®@P0in everyday | if

The term OPROM6é <covers a gmweoausspur @f ao uticdoeme s

ariety of aspects of care including: HRQo
treat ment satisfaction and adherence. PROMs
ot her outcomes such as | aboratory results a
because tHhHecdeaetda isolfrom the patient's persp
interpretation by another individual (Patric
designed to focus -roenl agpacidiimendii Denadse such
degree of chest pain caused mgr ea fTIAAQ u eRetsley
including PROMs I n randomi sed control tori
demonstrate benefit, patient feelings regarc

(insofar as patients who respond can be ass
2007) . Ho@Bb®s et enBRto be evaluated as a secor
are rarely the primary o02u0t)cOome of an RCT (Ba

Il n the UK National Heal th Service (NHS), p

interventions (unil ater al hip and knee refj

10



varicose vein surgeries) were requfred t
Apr il 20009, under t he t er ms of t he St ¢
Services. I n practice, this meant t hat

i nvite patients unfdoeurrg orienlgd wanrete Nt heescdu r
to compl ete @aopsepreactiifviee dPRQM questionnair
with the relevant guidance (Depar amewte

qguestionnaires were then sent to patient

their operation.

The UK Government White Paper, OEquity
NHS6, envisaged an increase in the scope
starting2bdam April

Al nformation generated by patients th
this process, and wil|l i nclude much w
i ke Patient Reported Out come Measur
experience datme heddbaak. At present
ot her out come measur es, patient exp:e
national uditniaceael nat used widely enq
expand their validity, coll ection anc
extend national <c¢linical audit to sup,
wi der range of treatments and condi't

PROMs across taeeNHPr aabei ca2b)7e. 0 (par ¢

I n early 2016 the NHS performed a cons.
progr amme, asking patients, clinicians,
about how they used PROM data. The resul
by NHMH& Englnasni®fdg hteedback Team (2017) . Thi
range of views towards PROMs, with many
patients, clinicians and commi ssioners.

PROMTIrogr awvemes i dentified as:

L. Demonstrating the effectiveness of

2. Providing information to reduce vVval

11



The consultation report found that where en
commi ssioners and patient representation gro
from PROM results had value. However, the r
cases the potenti al of PROMs was not being

staffing costs of administering the programn

areas (the anhbatticongtt md fcour national ly n
was estimated to be A825,000). The response
findings was to discontinue the mandatory g
PROM <coll ections, as the resultsd firom t hes:¢
scope. NHS England further resolved to expl
dat a (whil st stressing t he i mportance of é
consent), with the intention of increasing

reducing t het abucradlelne cotfiialdna osnt afffantThey al so i

their intention to open up the supply of PR
heal thcare organisations in an effort to enc
Il n addition, t he <constuhletraet i wans raermp oa g p € toiutned &
respondents for PROM collection in other cl
being Cancer c-Aerem aG@Gandlidngns. The need f
substantiated, dedicated tools for different
as omRIOMsP with a high | evel of rel evance wi
insights for patients, clini & amesdbrad kot her

Team, 2017) .

As f ocussecde,ntpetdi ehnetal t hcare grows in import
researchers ma&kdk ahewdy ht care deci sions that
of patients. It is a key objective to ensu
patient and societal val ues, and to recogni

success may vary between thk&k2p8§0iMntnegand cl

20122 Further more, i nvestigations into publii
suggest t hat areas judged i mportant by the
included in some commonly wused measur ement
2003

12



Coll ectidagsiwgaleld and validated PROMs al
researchers to take into account a wider
obtained through | aboratory or physical
description of functi onignsg (aMcoDnogwseildl e, — 02bC
Through the collection of patient per cefy
proxi mal TAAs, heal t h car e providers w
understanding of which aspects of healt
t herefores wihfatt rteggptement may provide the ¢
perspectives.

The tools used for evaluating PROMs <can
may be as simple as a single question as
however, t hey yarteo moarkee Itihkeelf orm of a
mul tiple items, which investigate sever a
HRQoL (Guyatt, 1993). The common thread
tools is that they attempt t anakemmadroiuge
their health and il l ness e2xOpQe3r i RRQM st dq dli ¢
can be placed into two broad categories
health and instrumempesci tihat are di sease
Generic PROM tools inwvempddtgatef aHRQd Mmpan
broad compari sons, but they do not neces
of a disease. Typically generic tool s i
mai n domai ns of HRQoL: physical, funct.i
he&al ttde Box0O(Q4etTlhdse tools may be | ess r
as they provide an overall summary Sscor e
a specific areal P93 KMie2Ohde2h ( Guyatt ,
Specific HRQoL instrument aasre ¢popPiudmed o
an outcome. Where generic tools allow b
may be mor e responsi ve t o HRQoL change

popul ation under ilMWe3sti gation (Guyatt,

13



1.3 Scope of this thesis

This researcihpebptessvt® dmve devel oped aneur

positioned somewhere in the proxi mal segmen
aortic root, ascending aorta or the aortic a
di sease in more distal areasinfalheadrtsa)enai & c
not included within the scope of this work.
di st al aortic areas has a different natur al
t heir proxi mal counterparts, along with co
opti ornosx.i mmal TAA patients are more |ikely to
hear't di sease or hear't val ve I nsufficienci
consequence of their aneurysmal disease, ofr

The cohorts of patiine ntthse wghuoa Itidoak | war ti nt er vi
PROM pil ot study were all el ective attende
institution | oWedtedofi rMELMigvearndoot h Heart and C
Hospital (LHCH) .

All emergency presentati ommrsy weatei eenxtcd uwrea , h a
di agnoses of c¢chronic or acute aortic dissec
aortic syndrome (AAS) such as an aortic ulc
(Vilacosta, 2001). The reason for the exclusion of a

the impbssy of depbevating &R@EMe in order t

baseline measure -adperaompar ePROPMst agai nst.
di ssection patients are someti mes well enoul
waiting | i st and present e«loecti idweealeyd, tho wheavveel

significantly di ssimilar pat hol ogy t o pr ox

exclusi on.

14



1. 4

1. 4.

The
wh i
dev
pat
di s

Thi

r el

Overview of the thesi s

1 Objectives

main objectives for this thesis are |

c h
el
i e

e a

(7))

To
an
co
ar
mo
de

co

To
po

To
t h

us

To
p a

To
st

st

descrdi leex ptelre elnicee of proxi mal TAA p
op a PROM tool to measure HRQoL tha
nts who receive an el ective surgi c:

S e.

study aims to acdheireivneg tah i rsu ngboearl obfy
ed to proximal TAAs, HRQoL and PROM:

present a c¢clear overview of the ne

d consequences of aneurysmal di seas:
ncomitant hear't prnabltermesat nmeenndt tohpet i ¢
e available. Also to review the his
nitoring HRQoL as an outcome of c |
scribe the adoption of PROMs as tl

|  ecti ng andL ainmfl gyrsmantgi dHR.Qo

explore the key themes of HRQoL wi

pulation via detailed analysis of p:

design and pilot a PROM tool based
e |ived experiencest,f whioxh maan TA]I
ed within the prospective el ective |

establish the feasibility of usi ng

tient popul ation.
analyse and present the results of

udy,t oanmak e recommendations for fut

udy.
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The outlined wo rdke pt he autnedser ah ancdi ng of how
perceive their own |ived experiences of pr ox
i mportant PROM informatibnpbhorenhss Ghosi PR

information may then be wuseful to inform a
clinicians when designing treabomemprpilvans a
outcomes in the future.

1.4.2Chapter outline

The thesis contRBolnlsowiinxgcthmapftreom.t his introd
2 provides the |iterature review, this is foc
3), gualitative study of patientsd experi el
(Chapter 4) , PROM tool develeaj meantd aannd pi | c
overal/l Di scussion a6)d ddreclcwsitemt( @ a petaecrh
chapters is discussed in more detail in the

Chapter 2 Dbegins by describing and discussi

di sease, i ncludiagog o sainsa,t o mg us das of di sease,
treat ment options and current published out
concept of HRQoL is then covered in detail I

current proposed best practice with regard:s

designed for regul ar use. The chapter revi e\
programmes to investigate how tools were bui
any |l essons |l earned. Thi s systematic criti

establishes currgardepr aot iPROMwidtelsi ge@a and r
which is applied to the proximal TAA PROM to

Chapter 3 critiques the relevant met hodol og
rel ated t o t he devel opment of PROM tool s.
phil osophy of t ihet rsotduudcye di sa nal sdoi scussed, al
rationale, description and definition of the

that was used to execute the project.

16



Chapter 4 outl ines t he i nitial gualita

exploration otiekefyoHR@Pati eass who have a

proxi mal TAAd edpitshe aisret.erlvni ew data i s inter
in the form of a thematic analysis. A f
data is presented and descr itboe df.o cTuhse gnmeott
and the role of clinician involvement al

and a review of options for PROM constru

Chapter 5 explores the results from the
TAA PROM. Thidetant!| odepati ent selection,
(such as sociodemogr apnoircbhi dihai @cst earnids t ti 1
history), how the tool was finally stru
al ong wi t h eval uati on of -t eteshalretonab
Appropriate scoring met hods are given a

resul tsanadf ppR€EO L domai ns are presented an

A systematic critical di scussion of the
we l | as ordlewainons i s préeoviTded dns€hapti e
eval uates t he strength and i mitations

i denti fies pat hways for continued futur

PROM, along with other further areas of |
1.5 Contribution to knowl edge

The purpose of this thesis is to contrilck
Firstly, to identify and present the key
proxi mal TAA diseasd@depiihi®oniesi doeevivews:i
paients who are either under hospital su
(awaiting potenti al surgery with regul a
changes i n t he si ze of their aneurysm)

undergone a previowsatmengeroyf faorprtolxe mat
construction of a conceptual mo d e | of pa

of proximal TAA di sease, and the I ssues ¢

17



ma
pr
an
t h
t h
re
of

mo

ntributes to existing I|literatutrereas well
search may be carried out.

condl vy, the design, refinement and pil oti
ecti ve, surgical proxi mal TAA patients coi
teratur e. Previous research hamilb®ren done
tient popul ati ons, but this was done usi
ecifically designed questionnaires based
i nical agreement . One further contributior
kes is tHhHe ndel iovneer yoper awdoveoPROMs. The st
ot ocol speciufpi ePdROtMIsa ts hfoawll Ido vb ewesse&krst at b ot
d at three months after the patient had t6F
i's approach are expandhlka daptoam dgat Ceéhragpd efrr
e doubl e dolpievany vef PROM questionnaires w
fined conclusions and recommendations to |
treat ment on proxi mal TAA patient HRQoL
nt hs o$dptehreatpi ve phase.
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Chapter 2

On thoracic aortic aneurysms, health-related quality of life

and patient reported outcome measures i areview of the

literature
2.1 l ntroducti on
I n addition to the traditional cthei cal

practice of regularly measuring health o
patient i s now widespread ( Dawson, 201 (
i nvestigates in more detail the natur al
presentation ofal adritsie@s@aneawmrdy ssrme concept
|l iterature related to patient HRQoL dat e
current practice wi || be compared wi t h

met hodol ogi es and guidance.

I n order to sufficiemtdfy tumea epattiaerdt t hef f

aortic aneurysm, Section 2.3 includes a
the condition, this is followed by an ex
the causes, symptoms and conseqaehaas of
overview of the | iterature on the. 5opic
then evaluates the concept of PROMs, an
creation of a disease specific tool for
of patient dat a.

22 Objectives for this chapter

This chapter aims to critically evalwuate
T Create a comprehensive overview of
and PROMs, thus wupdating and adding

19



T Provide a rational & faorn etwh eP RAOaW et |locop met nhta t

all ow HRQoL to be collected, anal ysed an
proxi mal aortic aneurysmal disease
2. 3 Thoracic aortic aneurysms

2.3.1History

I n the Merriam Webster Dictionary (1999) t h

frome ancient UBydelorwve)gd meaning Ato | ifto
demonstrating the anatomical nature of t he
from the heart. It i's recorded as the term
artery of the hea@mntr| i and bwadi ppedr ates to
branches of the windpipe. Accurately pinpoi
easy, however, and there is some discussion
first been cd20qp#&d (Al binali,

Evidence gathered fmami ameofcl Bgepteixam mummi e

from 3500 years ago, reveal ed that at herosc
arterial calcification were relatively ¢o0mme
the wearliest known medi cal writings from t

tthbught to have beelns5B)E@mposaetiachsca passage
t he writer seems t o identi fy arterial ane
foll owing treatment: ATr eat It with a knife
bl eeds not tool9uzh. o6 (Barker,

Thmpson (1986) provides a concise history f

aneurysms, which includes the work of the Gr
in t'Neent ury AD. According to Oribasius, a
Antylludi%iemttumeg ADr| y efécamd emaf his advised
aneur ysms at t hat ti me, although t hese or
destroyed. Ori basius noted Antyll usés recor
decline exceptionally big aneurysms, but w
aneuryisnmst he extremities, the | imbs and t he

20



|l igatures to the arteries that entered a
the aneurysm sac, removed the contents,

not resect the aneuthwemfsesbtowiHeg ol efr @ld

AThose who tie the artery, as | advi se,
intervening dilated part, perform a dang
of the arteri al pneuma often displaces t|
The next noteworthy advance i n aneurysma
Par ® {15®%D0 , who advocated the applicati
aneurysms but did not believe the sac s
danger of fat al bl eiebdeidn ga rPwp t®U rael ds oa ndeeusr
thoracic aorta and wrote, AThe aneurysms
ar e i ncurable. o (Sl aney i n Greenhal gh,
Vesali ud564pl4aas a friend of Par® and v
t horamd cabdomi nal aorticlo9anleurysms ( Garr.i

John Hunt2e#93)1722t8udi ed the devel opment of

occluded main arteries, which | ed to his
gained success by l|ligating bhghsupethiecit
the area now known as Hunterdés canal . Th
i nnovation in the treatment of aneurysms

2"%centurylqgPerry,

Astl ey Cooelp8edrl)( 1Inva6dBe c onty ifbiudli dsn sofi ns mrag
his name is |linked foremost to advances
1817 he provided the first recorded case
|l eaking iliac 1lan%e2urysm (Brock,

Rudol ph Ma1857) 1B860radecegsmondohaphy by

proxi mal and di st al control, i nci sing ¢
oversewing coll aterals and preserving a
successfully reduced the occurrences of
usuabl yowed aneurysmal surgery and S 8

( Ma t1a%8 8 EI1K0i)10,
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I n between Matasd e x2pdécreinetnucrey asnedv etrhad mriedt h o d
treating aortic aneurysms were employed, suc
bandingn, | icegdattiophane wrapping and el ectrot
These techniques had persistent advocates, |
(Osl1®M,9 Nulnon9,5 Bl ak&emnH 2 e,

There was an advancement of di'dbgennotsutriyc, t est i

i nucdi ng aortography via clinicTarle atnnge notgsr aphy
al so i mproved and in 1945 teams in Sweden 8
Gross & Hufnagel, 1945y @redp oand ntgo maice saff utl

aorta to treat cmarrrcavaitn gp,n s(ee S[eoattiiocn 2. 3. 6

2005) . This progressed in the 195006s with g
aortic aneurysm resection. Bet ween 1951 an
operations took place in quick suercession fr

1951 Dublo9sht2, Jul a8 ,Brlocsk3 DeBabka&ay Bahnson
1953

The |l egitimacy of using a homograft repl ace
was a considerable step forward, but obtaini
t hi
dev
tub

2]

type ofaspraocedgnefiwant ' i mitation. (

D

| opment and use of arterial prostheses

()

s o0ofN VWienywgn i mpl ant ed VYoorheesJgb2nal subj ec:
The materials used in these opmgdstNlyd sens tgui c
i mpl ants constructed from Teflon and Dacron.
(1958) and Szil agyi (1966) worked closely w
these elasticised, woven i mplanmade Refined

devices ar & od Spatalkcio,i2016)u s e

Aneurysms of t he t horacic aorta have l ong
surgeons. Aneur ysms |l ocated in t he pr oxi ma
saccul ar, fusiform or associate®.Ww8i tfloran aor
more detaulyosm m@mor phol ogy) . Surgi cal techni

| i-tfher eat ening conditions have developed fro
resecting the aneurysm with the coarctation

i ncorporating an anastomositsheorfigrsdafitr.ep®wdn

22



surgical removal of an aneurysm associ at
homogr af't repl acement . Then i n 1951,

aneurysm associated with coarctation tha
and homogtrhaef tearBlyy 19506s, Bahnson (1953)

resected saccul ar aneurysms and repairecf

stitching. DeBakey and Cooley (1953b) r
with a successful resectraniandnguay $mof
that time, all sections of the proxi mal ;

the diaphragm have been operated on suc

variety of custom made prostheses.

2.3.2The aorta

The aorta iIistehyey iIlmrgbaet haman body. It
attached to the heart that <carries oxyge
t hrough systemic circulation. The aorta
thoracic and abdominal component s.

The thoracichh aortleoo,cawhid above the diaphr
into the proxi mal segments (aortic root,

the distal descend2.plg aorta (see Figure
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Right common carotid

Right subclavian
Brachiocephalic

Left subclavian
Left common carotid
Right and left coronary

Celiac trunk

Superior mesenteric

Renal
Gonadal

Inferior mesenteric

Common iliac

gur eThz. laorta and i tH® ggajto@)ir anches (

a haoorrmaal, the aortic root supports the |
afl et s. The ascending aorta, | ocated bet\
nomi nate artery, i's approximately 5 c¢cm | or

e the pockets of tdssate twhe cao rbtuil g er matt . waT

e aortic valve Jleaflets to manoeuvre dur
pically, there are three aortic valve | ea
ring a heart contraction theowalbblveod eafl e
flow through the aorta, they then <close
e left and right coronary arteries both en
d supply blood to the heart itsel f. The
tery emertghees pfrroox i mal arch and splits int
d right carotid arteries which supply blo
de of the neck and head, respectivel y. T
pplies blood to thredllédd)si ard off he hlee fnte ¢ K
upplying the | eft arm), both subsequently
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e point where the aortic arch joins th
ft subclavian artery is calldd ahether
v el of the T4 vertebra or around the
|l atively mobile and tears may occur a
rtic i st hmus is where the aorta 1is a
gamentum ar tiesri pautni caunldar |y vul nerabl
scending aorta is situated distally f
scends to the diaphragm.

e walls of the aorta consi st of three
ayer, or covericmg)meidn tai, maa,ndt teh et Ununi c
tima is the thin, delicate inner | ayer
S l i ned blyi kel eennddeort,hepli aaitme cel | s whi
maged, t he producti on of r dgycttihvees eo x
dothelium cells may be a contributing
02

e middl e, or medi al , |l ayer i's compose
ssue such as elastin, collagen type |/
sccdel |l s (VSMCs) (Wol insky, 1967) . Thes:
iral manner t hat provides tensile str.
ssel to comfortably respond to change:s
rmation will, ovedu ctei neh e siimtna driictaynt b
aring cell s via the degradati on of t
'l agen, resulting in a stiffer, | ess m
e adventitia 1s the thin outer | ayer
I I agen, n ebrr web | faistrsg s ,anfd vasa vasor um.
eurysms for m.
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Tunica media

Tunica externa Tunica intima

Smooth muscle Endothelium

External elastic

membrane Internal elastic

membrane

Figur eCr2o.s2s: section of an arterial wal |, s h
composition (cBlausen, 20114

2.3.3Defining and describing aneurysm:¢

The word 6éaneur ysrhée iGr:ezli) yEahefurron maa) ,

which means fAa widening/an openingo (Antoni o

Magill 6s Medi cal Guide (2018) defines an ane
of a blood vessel, particularly an artery,
andi stension of the arterial wal | o. This a

about by atherosclerotic plaque formation wt

wal | or by the |1 oss of the structur al fibi
vessel itsel fusedt eoryt i ahf yantmeat ory di seases
di sorder s. The enl argement of the Dblood ves
and the weakness of the arteri al wal | becom
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as the vessel shape, and conseqe&M@s6ly th
Congenital abnormalities, trauma and inf

of aneurysms.

| f an aneurysm expands beyond the point
i ntact, and the artery ruptures and spl
di ssebctanodn has the potenti al to cause ma
( Mu n s200nQ, 5

Aneurysms can take severa2.)8ifferent for

*4d ¢

Fusiform aneurysm Saccular aneurysm Dissecting aneurysm  False aneurysm

Spindle shaped bulge Unilateral pouchlike bulge Haemorrhagic separation of the  Pulsating haematoma resulting
encompassing the entire with a narrow neck medial layers of the vessel wall from trauma and commonly
diameter of the vessel creating a false lumen mistaken for true aneurysms

Figur eTyp.e3: of aor ttiex t aMiuenusrgdy@Gsntes  (

2. 3. 3Abeurysm morphol ogy

A fusiformdeweluogys mvhen the arterial wa l
whol e of its circumference, this create

extended section creating an aneurysm wi

Saccul ar aneurysm formations ioc ctuhre wahretne r
pushes out a pouch on one side of t he a
These types of aneurysm are | ess common
perceived as carrying a greater risk

counterparts (8bwlmgw,6 2013; Szi |l
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A dissecting aneurysm occurs when blood is f

arterial wall, causing them to separate and

A false aneurysm (also known as pseudoaneur

a break in abadtténiyeaelr swalfl tdaed bl ood | eaks ol
by surrounding structures. This creates a h
pushes the arterial wal | out war ds. These ty

after tr auma.

Common aneurysmal | ocations include:

Thacic aortiicananaelumrorsmal progressive dil ati c
aortic lumen involving al/l three | ayers of
and adventitia). Occurring i n one or more

descending segments of the aorta.

Abdomi nal aoritainc admeurmad m progressive dil ati
wal | generally occurring in the aorta bet\y
branches. The aorta appears to be more sus

ot her blood vessrltshi §hiesrelhsesoght to be beca

the first artery to receive blood from the

under uniquely high | evels of pressur e. | f
wal | of the aorta, it i ocmoare (IRdDPeBrywy st, hat an
Aneurysms can also occur in other areas of t
aneurysm is a |l ocalised dilation of a cerel
arterial junction in the circle of Willis,
maj or cerebral arteries at the base of the b
Femor al and popliteal aneurysms (someti mes

aneurysms) are the end result of progressiyv

changes occurring in the artaltiattwnl es. of t
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23 . 4 Per sonal ri sk factor s associ|

aneur ysms

Personal ri sk factors for developing aor:
of the individual. Il n ol der peopl e, at he
to aneurydmaln. f dHdryma&rtension (high blood
ronic obstructive pulmonary disease (C

h
t hat cause breathing difficulties) are a
n

creased risk (Hiratzkayo®km®Wd®r, gatgioe motss

or physiological variations are more coO

proposals dating back decades that t he

aneurysms may be &anetaini9gntiethat eest hat:
Areports flr ognr osuepwvser [ah av e] establ i shei
aneurysms are familial, and, therefor
they are caused by genetic defectséTh
contradict t he gener al i mpression t h
aneurysms i s accebelatedi by hBhypertens
ot her factors. I n fact, the higher in
sisters of patients strongly suggeste
such as atherosclerosis contributes t
however, strongl wesneggestded echatunael a
any genetic defect causing atheroscl e

—+

he underlying cause of most aortic al

Studies continue to hypothesise on the f
aneur ydlsummsp.h 2@y 5(obser ves:

A A emerging concept I sima t hiax al t
connectionséplay important roles in
connections are fundament al det er mi neé
and cell survival , this hypothesis [

review of t he mecthamao lxiso | amgd € we sSubm

further t hat many of t he identi fied |
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aneurysms] édirectly affect the structur al

~

wall . o

Genetic syndromes with a predisposition for
been i dedtafeedowa@ared in more detail | ater i

Thoracic aortic aneurysms are al so associ at e
ot her congenital cardiovascul ar anomalies art
as Kuivani emi all udes t or,yssmsmeartehodwei to aar
i nheritance of a predisposition for the di se
thoracic aortic aneurysm syndrome?o. Still C
( Hi r a2 0zXk0a ,

2. 3. 4Atheroscl erosi s

The role of atherospl ef oila,quer inke dbuialnd ar
Fi gWwr.) highlights the differences in aetio
hi story of aneurysmal development in differe

NORMAL ARTERY » ARTERY NARROWED BY PLAQUE

BLOOD FLOW ATHEROSCLEROTIC PLAQUE

Fi gur eNor.da | artery and artery narrowed by
( Dr eamgt0ide ,
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herosclerosis tends to be accepted as
eurysms in the descending and abdomi na
herosclerosi s has on aneurysmal f or me
sputedcdur dpmean Society of Cardi ol ogy
agnosis and management of aortic dis:
|l l owing generalised statement: inAt her o
eurysmso. This concl usidoinngiss obfa stewdo saoul:
udies. There is however, some subseque.l
o] suffer wi t h t horacic aneurysms ac:
heroscl erosi s -nmahtacnh ealgec osmnd osex ( Achnecl
ndi ng hasorbeen byuplpaboratory testing
zymes | inked with ascending aortic an
Zymes ar e kKknown as matri x metal l opro
pothesised that an increased | ewdl of |
eur ysms at t he same ti me as di sint
herosclerotic p2@Gpuesl2€0H2efteri ades,
sel bacher (2005) al so mai nt ai ns t hat
use of ascending thoraciptagoetjpcasda ur
ntributing factor i s more associated w
eurysms.

rrentl vy, it seems t hat t he relations
eur ysmal devel opment i s not fully L
vesothni gesi required to reveal t he exte
eurysmal disease, based on both the po:
ssel i tself and the presence of ot her
zymes.

3.4D2generative changes

e uynidreglcause of the tissue abnormali't
eurysms is the degeneration of the <ce
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vessel . This degeneration presents as a | os
breaking up and reduofi eamei mltaleé i cumbessue f i
increase in the number of proteoglycans ( Gu
connective tissue proteins which are produ
When the tissue i's subjected to l ow | evel:
praothess are created in greater number s. 't ha
mutations could | ead to a decrease 1 n Smo:(
|l eading to increased tissue strain and res
production of both pfMditlee2gddyr ans and MMPs

This fragmentation of the normal <cellul ar coc

re
Fi
ne
aneurysm. I n a person with cystic media
mu
an

an rysms which tend to be associated w

Normal aortic wall Diseased aortic wall

10x magnification

40x magnification

- R o ] |~ .
Elastic tissue fibres Smooth muscle cells  Elastic tissue fibres Smooth muscle cells

s el S e s > P ||

Figur eStr.usc:taurreo roma | and a diseased aort
elastic tissue and smooth mus2Dé&7cell s
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greatly accelerates t he -dceovnedliotpiionng aannde um aykserss
c
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g
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ul ts -liinkea fcoyrsmtati on i n the medi al | ayer
ure 2.5). This cystic medi al degeneratio

sgsiweakens the wall of the aorta and enc

I de

h more | ikely (OO0Rbualkeyve,20P0r49gxi Mal ntohor a
rysms ar e mo st often -ahlkermessclletr otoifc
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enerative changes, i n contrast t o desce
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Cystic medi al degeneration is wusually as
be seen in some younger pelhpllkravespegemme
di sorderl99RAbERI2N Un d e r2va0@p/i& 7)9. The differ
types of genetic disorder which can have

are discussed in greater detail over the

2. 3.5Genetic di sor dteg vaistsloci aor

aneur ysms

The gene mutations that can | ead to the

the early stages of Dbeing identified. To
have an association with the devel opment
di x¢d on (Brownstein, 2018) . Genes that

i mportantFBINMg!| urdcec:BR 1, TGFBR2 an@®OH3IAL, AC
Mut ati ons of t hese genes, and t he syno
mut ati ons, can cause a vamagtyootricbune
aneurysmal devel opment and growt h. Thes
may have consequences for patient trea
cardiovascular in nature. Or if the pati
to consi ckemr trleecrmovtehy or care may have to

into account. Some examples of these feal

T Bicuspid aortic v adewloped adrAcvhpartvadve nor ma l
has three leaflets (known as tricuspid), which open and close when
the heart be at s . I n BAV6s two of these | ec
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.

T Livedo reticularis, awhmetht!| pdesempt s
di scol ouration of the skin, where sm
capillary vessels (Sneddon, 1965) .
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T I'ris floccul e, where tiny cysts in the e
of breaking down and buil dingnkdpdagai n.

bl obs on the margin between the iris anc
usually report any problems with vision
! Patent ductus arteriosus, which is a con

the ductus arteriosus feaiilossutso icl s eb.l oToh
vessel t hat connects a foetusos mai n [
proxi mal descending d4odtad &l loowi ng adxyyp
t he |l ungs. I n a typical birth this cl

|l i gamentum arteriosum (,seed0e)ction 2.3. 2
T Thin, translucent skin

T Arteri al tortuosity, this rare disorder
stenosis and tortuosity (or an excessiyv
personods arteries. Thi s arterial dysfun

mutatiomrlafsttbefi bres in the medi al | ay

Section 2.3.2 and Couke, 2006) .

2.3.5Marfan syndr ome

A French paedi atr i-BRdramardal Maerdf aAintwasanet he f
describe the skeletal abnormaliti s, i ncl udi
hypfelrexi bl e joints which typify the connect
named after 1h89n6 (evrag teradeét e n,

34



long arm t

long fingers

flat foot

Figure Ge&nér al mani festation(Repr iMatrefdanb y:
permi ssion from Springer NfeG eurr eet: i ¢ B maagre

DysmorpbobpwygMWNaga et a)., Copyright 2015
Sinc
Thes

l ens di spl acseingemttednelggkilngosstretch mar

e that time, many other clinical fea
e include sever al eye, skin, and car
aneurysms and floppy heart val ves. The
understandably the major culprits for th

i n patients who have Ma¥3 an syndrome ( Coi

The gene mutaseohkNarftamtsymadr ome have bee
FBN1 or fibrillin 1FBNgkennceo deBi eat zt, y ple9 9df) .
which is used by the body to cHBeNiltse ti s
particularly wused for fi br ewchthast ecloansttaii

and structural support.

Patients with Mar fan syndrome are highl
aneurysms disease or aortic dissections,

with the syndrome has evidence imwmfg dadretiirc
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|l ifetime (Hiratzka, 2010) . The population i
approximately 1 in &Kix0kb neor,| 2wilde .( Ar sl an

2.3.5L?eyps etz syndr ome

Loefpsetz syndrome is a genetic disorder wi t
Mar fsaylénd r o me , in that it is a genetic dysfun
tissue in the body. The disorder was first

Bart Loeys and Harry Dietz at the Johns H
Medicine in 2005 ( Lfoieyisng 200&t)ur éA &feyp altei en:

di sease is the presence of aort0Oié6 aneur ysms
As we l | as aneurysmal for-Daetaen,sypdtrtoeet s
typically present with three commoyn physical
(see Section 2.3.5), wide spaces between t he
pal at e, or a palate with a wide base and pr
these patients include: velvety and transluc
mal f or med orkul bwern afvace, a blue tint to the

patent ductus arteriosus (see Section 2. 3.
devel opment al del ays or l earning disabilit:i
hypfelrexibility (MacCarQ@®ick, 2014, Hiratzka,
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A Loeys—Dietz Syndrome Type |

B Loeys-Dietz Synd

Fi gureCh2ar7act eri sti thsi edfz tSyemdL oengs Panel
typical faci al charactéeabistitcsyodr prmae i &Wn
di fferent ages. Panel B shows the facia
Loeiyps et z syndirlomeT hey pteransl ucency of the
visible veins and distended scars. Panel
wi t h a biLdeysd2006.vRedroduced with permission from the New

England Journal of Medicine, Copyright Massachusetts Medical Society).

As wel | as the aneurysmal formations an:¢
LoePpsetz syndr ome, the gene mutations tF
been identified adaGFBRtur mMiGMAREIMAIDIBe

TGFB&2n d GFBgBenes (Lbeys, TH&FKfeouas are i n
transforming growth factor category, t he
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tissue regeneration, cellul ar devel opment 3
( Matt, 200 B)MA Tehnee st waor e pPp &Fgte nceft ither ocess,
theeyr e activaT@Hyehg 8Bhd combinebaoed orm proc

cellular building blocks for creating tissuece
the producftumant iodnaloncell s which | eads to ph
bl ood vessel s, ncadevedlaompandeabdat, 704K i. The

popul ati on I nci-Dientcz woYndLoegs i s unknown,

mut ati onsTGFBRdIGRBR>2pear to be the most con

2. 3. 5E8I| éDrasnl os syndr ome

Ehl ®asl os syndrome (EDS) dissoar dgegmrscupt haft @en
characterised by abnormalities of the skin,
particularly s terl eatsct hi yc osFk I ey ipeiryepey oi nt s a |
cardiovascul ar mal formati ons. Al t hough hyper
400 BC bgr atiepspo( Bei ght on, 2011) , and a compl

of loose, fragile skin and hyperhobile joi
century Russia by Tschernogobow (1892), t he
der mat oi v ant ¢ Ehl er-Al exan cidHeesn@ Dani sh

and one French respectively, who independen

the edtkept20y (Ehlers, 1901; Danlos, 1908).

The system of classifying patients with EDS

types. The type mbstinassypysmakt ed owmati on i s
vascul ar EDS. Patients who present with vas
thin, fragile skin which Dbruises easily ando
usually of short stature, haveshhng f®taai al ha
features including | arge eyes, a smal l chin
i ps, and e arlsokushi,tdidH.utl dtoebrersal( arteri es are

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 IIl collagen, which is a
protein that provides strength and support to many different types of bodily

tissues (Kontusaari, 1990).

Fi g ur eExdnpl8s: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. 3.5Tdrner syndr ome

Turner gsyndadroan condition that occur s i n
partially or completely missing their X
Turner, who in 1938 was the first to des
1938).

As wel | as devel opmearetpaloduendoer ipmreobaed
syndrome also has a detri ment al effect ¢
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