The University of Notre Dame Australia

ResearchOnline@ND

ResearchOnline ND

Theses

2018

Open versus endovascular thoracic aneurysm repairs In Australia

Timothy Shiraev
The University of Notre Dame Australia

Follow this and additional works at: https://researchonline.nd.edu.au/theses

b Part of the Medicine and Health Sciences Commons

COMMONWEALTH OF AUSTRALIA
Copyright Regulations 1969

WARNING
The material in this communication may be subject to copyright under the Act. Any further copying or communication of this
material by you may be the subject of copyright protection under the Act.
Do not remove this notice.

Publication Details

Shiraey, T. (2018). Open versus endovascular thoracic aneurysm repairs In Australia [Master of Medicine / Surgery (Thesis)}]. The
University of Notre Dame Australia. https://researchonline.nd.edu.au/theses/189

This dissertation/thesis is brought to you by : P S R
ResearchOnline@ND. It has been accepted for inclusion in THE UNIVERSITY OF

NOTRE DAME

Theses by an authorized administrator of ResearchOnline@ND.
For more information, please contact : e

. Rt | [ Rt et R R i
researchonline@nd.edu.au.



http://researchonline.nd.edu.au/
http://researchonline.nd.edu.au/
https://researchonline.nd.edu.au/
https://researchonline.nd.edu.au/theses
https://researchonline.nd.edu.au/theses?utm_source=researchonline.nd.edu.au%2Ftheses%2F189&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/648?utm_source=researchonline.nd.edu.au%2Ftheses%2F189&utm_medium=PDF&utm_campaign=PDFCoverPages
https://researchonline.nd.edu.au/theses/189?utm_source=researchonline.nd.edu.au%2Ftheses%2F189&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:researchonline@nd.edu.au
http://www.nd.edu.au/
http://www.nd.edu.au/

Open versus Endovascular
Thoracic Aneurysm Repairs
In Australia

Timothy Peter Shiraev

BSc (Hons), MBBS (Hons)

School of Medicine

The University of Notre Dame, Sydney

Thesis submitted as partial requirements for the degree of

Masters of Medicine/Surgery



Table of Contents

Y o Y 4 - [ TSP U PSP PPPTRTPPT ii
Publications and Presentations ..........coceioiioiiieiiie et iii
Declaration of AUthOIrShIP.....iii i e s siaae e e iv
Statement of Contribution By Others ... s v
ACKNOWIEAGEMENTS. ..ttt e e e s e e e s sbae e e s sabeeeeessbaeeessseneeesnns Vi
ADDIEVIATIONS ..t e st e et e et e e e nee s eareeeans vii
INEFOTUCTION <.ttt ettt et e s it e e s sab e e s st e e sbeeeebeeesaneeesaneeesaneenans 1
BOCKGIOUNG ...ttt ettt et e e st e e e st e e e st a e e e s s aaaeeessnssaeaeesssaeessanstanesannns 1
Surgical Management of ThoracoabdominGl ANGUIYSMS ..........cc.eeeeecueeeeeeiiveeeeeeiieeeeecneeens 5
Endovascular Repair of Thoracoabdominal ANEUIYSMS ..........cc.ueeeeeciueeeeeciiieeeecieeeeeieaeeeeans 7
Open Versus Endovascular Thoracoabdominal Aneurysm Repair ...............ooeeeeevvveeeeeeeeeeenns 9
Rationale fOr the StUAY ..ceee e e e e e e e e e s e nereeees 11
AIM OFf The STUAY e e e e e e e st e e e e e e s e e nearaeeeeeeeeas 13
[ V70T X g LT £ UEERR 14
LIMITATIONS. .o e 15
R] (0 Lo LV 7T = o VSRR 16
Y VLo )V O 1V 1= o [ £ XSS 16
Patient Selection & Data COIECLION ............coccueeiiieiiiiiiiiiiieiee ettt 17
SEALISEICAI ANGIYSIS «..eeeeeeeeeeeeeeee et e e e e e e et e e e e e e e s s bbareeaeaeeesennnseaaees 20
L [ To R Y o] g o 1Y | PSP 21
Manuscript Accepted for Publication in Annals of Vascular Surgery .......ccccoovvveveeeeeieccnnnnenn. 22
Publication in Annals of Vascular Surgery. Vol 31, February 2016, p30-38...........ccccuvvueene. 55
CONCIUSTON ..ttt et e et e e bt e e e bt e e s b e e e sabe e e e bt e e sabeeesnneesanneenans 64
REFEIENCES ...ttt e et e e bt e e s bt e e s b e e st e e nanee s 68
APPENDICES ...ttt ettt ettt e st e bt e s ae e et e e eae e e abeeeaeeeabeesaeesabeeeabeenneenneeeanean 71
Appendix 1: Statement of Contribution by Co-Authors.........ccccceiiiieciiiiie e, 72
Appendix 2: Presentation to Royal Australian College of Surgeons Annual Scientific
Meeting. Marina Bay Sands, Singapore. May 5-9, 2014 ........cccooieeieeeeececireeeee e 73
Appendix 3: Application to Cook Medical for Research Funding.........ccccccceeeeiieiiiiniennnnenn. 76
Appendix 4: Approval Letter from Cook Medical for Research Funding.........ccccccveeevnunennnn. 81

ApPendix 5: ADdItioNal FIGUIE.....coiciieieeierieeeceecte ettt st e eer st aesbesbe s asaersensaeanes 80



Abstract

Objectives: Thoracic aortic aneurysms (TAAs) affect 10 per 100,000 people, and are
responsible for significant mortality. Open surgical repair carries substantial risks of both
morbidity and mortality. Endovascular TAA repair is a relatively new technology, with
numerous proposed benefits over open repair. However, data is yet to demonstrate
whether endovascular TAA repairs outperform open repair. We sought to observe trends
and outcomes of TAA repairs over the previous decade in order to identify the optimal
method of management of thoracic and thoracoabdominal aneurysm repairs, as well as

predictors of poor outcome.

Methods: We conducted a retrospective analysis of all patients presenting for management
of thoracic and/or aortic (ruptured and non-ruptured) from 2003-2013, at two tertiary-level,

acute care hospitals in Sydney, Australia.

Results: 179 patients presented with thoracic or thoracoabdominal aneurysms, 127 of
whom were treated surgically, and five of whom presented with aneurysmal rupture. The 52
patients managed non-operatively were more likely to be older, and more likely to be
female. Of the patients managed surgically, 69 had ascending aneurysms, 27 had arch
aneurysms, and 31 descending TAAs. Thirty-one patients underwent repair of descending
TAAs, 12 open and 19 endovascular. Patients undergoing endovascular repair of descending
TAAs were significantly older than those undergoing open repair. Operative duration was

significantly shorter for endovascular than open repair of arch and descending aneurysms.



There were no differences in morbidity or mortality, duration of hospitalisation, or

transfusion requirement between the groups.

Patients over 75 years of age with arch aneurysms were more likely to develop an endoleak
or return to theatre than those under 75. Similarly, patients over 75 years undergoing
descending aneurysm repair were twice as likely to have an endovascular repair, required
more blood transfused, and have a longer ICU and total hospital stay. Otherwise, there were
no predictors for poor outcome post-TAA repairs. There was a trend for increasing
endovascular repair of descending aneurysms, but no change in morbidity or mortality over

time.

Conclusion: Overall mortality was low during the study period, but morbidity after open or
endovascular thoracic or thoracoabdominal aneurysm repair remains substantial. Apart
from reducing surgical duration, endovascular repair demonstrated no additional benefits
over open TAA repair. Patients over the age of seventy-five were more likely to suffer
adverse events than those under seventy-five. However, the current study demonstrated
that either open or endovascular TAA repair can be performed with low morbidity and

mortality, even in elderly patients.
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Introduction

Background

The thoracic aorta is usually 2.5-3cm in diameter depending on sex and body habitus®. An
aneurysm is defined as a greater than fifty percent dilatation of an endothelium-lined
vascular structure, thus the thoracic aorta is aneurysmal once it reaches 4.5cm. Thoracic
aortic aneurysms (TAAs) include aneurysms involving the ascending aorta (from the aortic
annulus to the brachiocephalic trunk), the aortic arch (brachiocephalic trunk to the left
subclavian), and the descending aorta (including thoracoabdominal aneurysms, extending

from proximal to the left subclavian artery to as far as the infra-renal aorta; see Figure A)>.

Ascending aneurysms account for fifty percent of TAAs, the arch ten percent, and forty
percent involve the descending aorta (of which one quarter extend distal to the
diaphragm)3. TAAs are three to seven times less common than abdominal aortic aneurysms
(AAA)* but still carry a significant burden of disease, with an incidence of 10 per 100,000
peoplel. TAAs affect males twice as frequently as females, with the mean age of TAA repair

being 67 years>.



Figure A — Crawford Classification of thoracoabdominal aneurysms. From Azizzedeh et al*

Factors commonly predisposing to thoracic aneurysm development include hypertension,
smoking and chronic obstructive pulmonary disease®. As such, eighty percent of TAAs are
defined as being of ‘degenerative’ aetiology, with the relationship of degenerative
aneurysms and atherosclerosis discussed below?®. In fifteen to twenty percent of TAAs,
genetic syndromes predispose to thoracic aortic aneurysms’2. These syndromes include
Marfan’s, Loeys-Dietz, and Ehlers-Danlos syndromes, and predispose to aneurysmal change
due firstly to chronic aortic dissection, and secondary to dilatation of the wall of the false
lumen®. Inflammatory vasculitidies, such as giant cell arteritis, Takayasu arteritis and
Rheumatoid arthritis, are responsible for two percent of TAAs®°. Infective aetiologies are
even less common, with pathogens including Salmonella and Staphylococcal species, with

syphilitic and tuberculous aneurysms less common still®°.



Histopathological changes occurring in the wall of aneurysmal thoracic aortic tissue,
triggered by the aforementioned predisposing factors, culminate in medial degeneration
(previously called cystic medial necrosis®!). This is characterised by fragmentation of elastic
tissue, loss of smooth muscle cells, and accumulation of ground substance within the medial
layer of the aortic wall*°. While more common in elderly patients, medial degeneration is
accelerated by hypertension and atherosclerosis®. Pathogenesis of medial degeneration
involves over-expression and over-activation of proteinases (namely the matrix
metalloproteinase family, especially matrix metalloproteinase 911), as well as alterations in
transforming growth factor beta (TGF-B) function'? and infiltration by activated T cells and
macrophages'?, resulting in degradation of the extracellular matrix, and aneurysmal
expansion. Aneurysms are described as being either fusiform (a uniform dilatation of the
entire aortic circumference, which is more common), or saccular (a localised dilatation of
one part of the aortic wall). Saccular aneurysms require more vigilant follow up, as they are

more likely to require repair than fusiform aneurysms*3,

Ninety-five percent of thoracic aortic aneurysms are asymptomatic!4, with the remaining
five percent presenting with non-specific symptoms including chest, back, abdominal or
flank pain, or symptoms from local compression of the recurrent laryngeal nerve, trachea,
or oesophagus®. Symptomatic patients are more likely to have an aneurysm diameter of
greater than 5 centimetres®. There is little to be found on clinical examination, and
computed tomography or magnetic-resonance angiography are investigations of choice®.
Medical therapy includes smoking cessation and beta-blockade to reduce shear stress, with

debate currently regarding the efficacy of statins and angiotensin-converting-enzyme



inhibitors for reduction in oxidative stress'®. Without surgical intervention, the two-year
mortality rate is as high as forty-seven percent in patients unfit for surgery!®, due to rupture

and rapid exsanguination.



Surgical Management of Thoracic and Thoracoabdominal Aneurysms

Surgical management of thoracic aortic aneurysms was first described in 19557, in which
Etheredge used a homograft (a vascular conduit from the same patient) to replace the
resected aneurysm. Current guidelines from the American College of Cardiology Task Force
recommend repair of ascending aortic aneurysms only when maximal external diameter
reaches 5.0cm, arch repairs at 5.5cm, descending repairs at 5.5cm, or a rapid rate of annual

expansion on surveillance?.

Open repair of thoracoabdominal aneurysms involves positioning the patient in the lateral
decubitus position with left side up, and exposure is obtained via an incision in the fourth to
eighth intercostal space extended to the midline, with the laparotomy continued inferiorly.
The retroperitoneum is then accessed, and the diaphragm divided. Cardiopulmonary bypass
may be required, dependent on proximal extent of aorta involved, and induced
hypothermia may be considered. After systemic heparinisation, the aorta is cross-clamped,
with the level of proximal clamp dependent on extent of the aneurysm. The proximal aorta
is anastamosed to the proximal graft, followed by reimplantation of visceral and renal
vessels. Intercostal artery reimplantation may be performed, dependent on pre-operative
imaging, or changes in motor-evoked potentials in the lower limbs during the operative
period. After the distal anastamosis is completed and the wound closed, the patient is

monitored in the intensive care unit®.



Although vast improvements in operative technique and peri-operative care (namely
anaesthetic and intensive care) have been made since 1955, morbidity and mortality
remains high'®. A 2006 study showed 19% perioperative mortality, and a one-year mortality
of thirty-one percent!®. A recent multi-centre study in France demonstrated that hybrid
procedures (open vascular reimplantation simultaneously with endograft repair) are
associated with a post-operative mortality of 34%, due to the invasive nature of the
procedure and poor patient selection!®. Substantial morbidity in TAA repairs is also
common. Arterial supply of the spinal cord is partly via radicular arteries, which arise from
the intercostal and lumbar branches of the aorta. Interruption of this arterial supply (due to
insertion of stent-grafts during either open or endovascular TAA repair) risks spinal cord
ischemia (SCI) and subsequent paraplegia, a complication which occurs in between five and
twenty-one percent of TAA repairs?°. Visceral ischemia is also a common phenomenon, with
post-operative renal failure occurring in up to eight percent of patients?!. Cardiorespiratory
complications are also commonly experienced (such as acute coronary syndromes and lower
respiratory tract infections)?>23. As a result, TAA repair remains a high-risk endeavour, with

further improvements in technique and patient selection needed.



Endovascular Repair of Thoracoabdominal Aneurysms

The first endovascular intervention for the treatment of vascular pathologies was described
by Seldinger in 195324, and further developed by Dotter in 19632°. It is now accepted as the
optimal method of management for many vascular diseases, including AAA, peripheral
vascular disease and chronic gastrointestinal ischemia?®2°. The benefits of endovascular
interventions include their minimally invasive natures which results in reduced blood loss
and a lower risk of infection, reduced procedure time and transfusion requirement, reduced
duration of mechanical ventilation, low operative morbidity and mortality, reduced cost,
reduced intensive care unit stay, and faster time to mobilisation and discharge from
hospital?”3%-32_ |n addition to these general advantages, proposed benefits of endovascular
repair specific to TAA include avoidance of the physiological insults of aortic cross-clamping
and thoracic or thoracoabdominal incisions in these often frail patients?°. Additionally,
ability to utilise local anaesthesia in up to 53% of patients3? allows avoidance of
cardiorespiratory morbidity and mortality associated with general anaesthesia, as well as
reduced hospital stay3*. However, endovascular interventions have their own limitations.
Endovascular repair can be precluded by poor femoral access (see below), tortuous or
occluded iliac vessels preventing placement of the device into the thoracic aorta, or
contraindications to iodinated contrast media (including renal failure and anaphylaxis).
Further, at least two centimetres of healthy aorta is required as a landing zone (the space
needed to anchor the proximal and distal ends of the graft, without covering branches of

the aorta), which may be absent in extensive aneurysms.



To undertake an endovascular repair of a TAA, the chosen common femoral artery (CFA) is
accessed either percutaneously via Seldinger technique or via femoral cutdown, and a
guidewire placed into the ascending aorta. A marking pigtail catheter is likewise inserted via
the contralateral CFA. Angiography is used to confirm landing zones, and the covered stent-
graft is deployed over the guidewire. Fenestrated endografts are an increasingly used
technology, which allow separate stents to be deployed through holes in the endograft to
the renal and mesenteric arteries to maintain perfusion to these organs if their position
precludes a sufficient landing zone (and would otherwise have been covered by the stent)>.
While these are generally custom made, in situ fenestration is increasingly being performed
after graft deployment, with cutting balloons®®, and radiofrequency puncture3®. Closure is

percutaneously via a closure device, or oversewing the arteriotomy in the CFA®.



Open Versus Endovascular Thoracoabdominal Aneurysm Repair

When comparing open and endovascular thoracoabdominal aneurysm repairs in terms of
major endpoints such as mortality, data is conflicted. The largest study to date was
conducted by Greenberg et al on 724 patient records and demonstrated no difference in
mortality either at one month or one year?, findings echoed by a Swiss study which saw no
difference at one, 12, 24 or 36 months®’. Similarly, a study of US Medicare data between
1998 and 2007 demonstrated that while in the short term patients undergoing endovascular
repair were less likely to die (6.1 vs 7.1%, p = 0.07), this is lost by two years%. Several
smaller studies agree, finding that a mild perioperative survival benefit is quickly lost, and
remains absent at up to 10 years3>*3, Overall, evidence suggests no difference in long term
mortality between endovascular and open TAA repairs. The benefits of either technique in
minimising spinal cord ischemia also has not been definitely proven, with only one study of

84 patients demonstrating a reduced risk of SCI>39-414445,

Endovascular approaches have generally been shown to decrease the incidence of
renal3¥4142 and respiratory failure®, the duration of ICU*Y42% and hospital stays3%*°, and
rates of reoperation>*2. There is however evidence for an increased incidence of
endoleaks®®, peripheral vascular complications3?, and increased cost**2 with endovascular
interventions. Interestingly, patients who underwent endovascular TAA repair reported
being significantly more depressed, and scored lower than a healthy cohort on subjective
physical and mental domain scores, while the open repair group scored within the normal

range’.



The difficulty with comparative studies is the fact that sicker and older patients are more
likely to receive endovascular TAA repair>374941 thus skewing outcomes. A large meta-
regression by Cheng et al (which included traumatic aneurysm repairs) demonstrated that
age did not impact outcomes when considering mortality, cerebrovascular accidents and
paraplegia®®. The 5,888 patients in this study demonstrated endovascular TAA repair to be
superior in perioperative mortality, paraplegia, cardiac and respiratory complications, renal
dysfunction, and need for transfusion. However, there were no differences in rates of
stroke, acute coronary syndromes or mortality beyond 12 months when comparing the two

techniques.

While the number of open TAA repair has remained stable in the United States, the
incidence of endovascular TAA repairs has increased from zero to thirty-three percent®.
This can be attributed to the increasing acceptability of endovascular approaches, as well as
the aging population making minimally invasive techniques more attractive, especially in
high risk patients33. However, neither open nor endovascular TAA repair has been shown to
be the optimal method of management of this condition, which continues to carry

significant morbidity and mortality.
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Rationale for the Study

To date, few studies have directly compared the benefits of endovascular and open TAA
repair>373%-4244 \While some studies are prospective, there are at the time of writing no
randomised controlled trials*’. Only two studies have examined data later than 2007, and
there are no studies with data more recent than 2010, despite the rapid change in
endovascular technology over the last decade. These studies also tend to examine data from
single centres, with small sample sizes. The current body of knowledge is limited in that the
control group of one of the notable prospective trials3® has a large part of their open surgical
cohort comprised of historical controls, a factor likely to impact both patient selection and
cause confounding of other factors. No studies to date have been performed in Australia,
and the relative prevalence of endovascular TAA repairs in Australia is unknown. Further,
some of the published studies group thoracic and thoracoabdominal aneurysms together®?,
limiting the application of these results to TAA repairs specifically. This study will be one of
the largest studies of its kind to date internationally, one of the first studies assessing

patients across more than one centre, and be the first undertaken in an Australian setting.

Thoracic aortic aneurysms are responsible for a significant mortality if left untreated, and
surgical repair itself can comprise a substantial burden of morbidity and mortality. Equipoise
remains in the question of open versus endovascular management of thoracic and
thoracoabdominal aneurysms, and ascertaining the optimal the optimal management of this

pathology is essential. A study is required that examines patients from more than one local

11



clinical centre, using data that is recent, with contemporaneous open and endovascular

groups. Such a study should also examine arch and descending aneurysms separately.

12



Aim of the Study

This study was proposed to compare morbidity, mortality, clinical outcomes and trends over
time of open and endovascular repair of thoracic aortic aneurysms in Australia. The findings
will compare the clinical outcomes of open and endovascular TAA repairs in two large
hospitals. We also seek to assess the impact of age on outcomes. The study will illustrate
the clinical feasibility of the two techniques, demonstrating the optimal method of
management of TAAs, as well as illustrating improvements in management of this condition

over time, and providing direction for future service planning in Australia.

13



Hypothesis

Our primary hypothesis is that endovascular thoracic and thoracoabdominal aneurysm
repair will outperform open repair in regards to mortality. Secondary hypotheses are that
endovascular repair would similarly demonstrate superiority regarding complication rate,
duration of hospital stay and transfusion requirement over open repair. Additionally, we
hypothesised that mortality has decreased over time in all patients undergoing surgical

intervention.
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Limitations

Potential limitations of this study include its retrospective nature, and the potential of
complications of either open or endovascular techniques to be remedied at other
institutions (namely after discharge), thus being missed by the data collection methods of
the current study. These include (but are not limited to) endoleaks, wound infection and
dehiscence, other infective complications and thromboembolic complications. Further, due
to the short duration of follow-up, the not insignificant risk of endoleak after endovascular
repair®® will not be captured, and therefore this ‘Achilles heel’ of endovascular aneurysm

was not considered in the current study.

As patients not suitable for a large open operation are often selected for endovascular
repair, it is possible that patients that undergo endovascular repair will possess more
surgical risk factors as previously described®, which may interfere with outcome analysis.
Further, as there are anatomical contraindications to endovascular repair (both patient and
aneurysm morphology), clinicians will select patients for one or other procedure, so
selection bias cannot be excluded. In addition, the small numbers, and significant
heterogeneity between cases mean that careful consideration must be given when

extrapolating these results.

Lastly, comparisons between surgeons and hospitals were not undertaken. While these are
potential sources of variability, this study aimed to compare the two surgical techniques,

rather than compare outcomes between institutions.

15



Study Design

Study Questions

The aim of the current study was to compare morbidity, mortality, clinical outcomes and

trends over time of open and endovascular repair of thoracic aortic aneurysms in Australia.

The three specific research questions were:

1) Is there a significant difference in in-hospital mortality between open and
endovascular thoracic aortic aneurysm repairs?

2) Are there significant differences in complication rates and use of hospital resources
between the two procedures?

3) Have mortality rates of patients undergoing TAA repair decreased over the previous

decade?

16



Patient Selection & Data Collection

In order to investigate these hypotheses, a study comparing these two techniques was
designed. A retrospective analysis of patient records was conducted at two acute-care
hospitals located in Sydney, Australia. Royal Prince Alfred Hospital and St George Hospital
are both tertiary level hospitals in metropolitan Sydney with twenty-four hour

cardiothoracic and vascular surgery services, with 911 and 547 beds respectively.

To observe patterns over the preceding decade, all patients who presented with thoracic
aortic aneurysms (ruptured and un-ruptured) between January 2003 and January 2013
(inclusive) were included. This was achieved by using International Classification of Diseases
10 classifications 171.1 (thoracic aortic aneurysm, ruptured), 171.2 (thoracic aortic aneurysm,
without mention of rupture), 171.5 (thoracoabdominal aneurysm, ruptured) and 171.6
(thoracoabdominal aortic aneurysm, without mention of rupture) were used to identify
patients who presented with thoracic aortic aneurysms (including descending aneurysms of

Crawford Class O-lII.

Various demographic, surgical and clinical variables were collected. Independent variables
were collected in order to firstly observe the demographics of the study population, and
secondly to control for confounders. They included age, sex, year of intervention, aneurysm
type (including Crawford class for descending aneurysms) and size, co-morbidities, American
Society of Anaesthesiologists (ASA) score, presence of rupture, use of local or general
anaesthetic, open or endovascular intervention, type and brand of graft, use of cardio-

pulmonary bypass, and use of cerebrospinal fluid (CSF) drainage. Outcome variables (used

17



to compare groups) included duration of surgical procedure, number of units of blood
transfused, in-hospital complications, post-operative paraplegia (as described below), in-
hospital mortality, presence of endoleaks, rates of return to theatre (within 24 hours) and
re-operation (after the first 24 hours), acute kidney injury (defined as an increase in serum
creatinine greater than fifty percent*’) and acute kidney failure (defined as a tripling of
serum creatinine®), time to first mobilisation, and duration of hospital and ICU (including

coronary care unit) stay.

18



Paraplegia and paraparesis were defined as follows:

Category and Score | Description

Paraplegia

0 Nil Movement

1 Minimal motion

2 Motion, but not against resistance/gravity

Paraparesis

3 Motion against resistance/gravity only

4 Able to mobilise with assistance

TABLE 1- SCORING SYSTEM FOR PARAPLEGIA/PARAPARESIS POST TAA REPAIR. MODIFIED FROM GREENBERG ET AL 2008°

Patients were divided into two age groups (over and under the age of seventy-five years) to
compare outcomes between younger and more elderly patients. Seventy-five years was
chosen as this has been previously found to be the median age of a high risk TAA-repair
population'®. Cook Medical® provided a research scholarship for two research assistants
(medical students) who, after ethics approval was gained, were taught to interpret the
medical records, and enter data into a de-identified spread-sheet. They were not told the

source of the funding until after the data were collected, in order to reduce the risk of bias.
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Statistical Analysis

Mann-Whitney U tests were used to assess differences between the medians of groups for
continuous variables with skewed distributions, while T-tests were used to compare means.
Categorical variables were compared using Pearson Chi-squared Tests. Binomial tests were
used to compare observed frequencies. Linear regression was used to assess the
relationship between independent and outcome variables, and changes in rates of repair,
and morbidity and mortality over time. A p value of 0.05 was considered to be statistically
significant. All analyses were performed using SPSS 22 (IBM, New York, New York, United

States).

20
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Abstract

Thoracic aortic aneurysms (TAAs) contribute significant mortality if left untreated, but
surgical repair has historically carried substantial risks. We sought to observe trends and
outcomes of thoracic aortic repairs, so conducted a retrospective review of all patients who
presented for management of TAAs from 2003 to 2013 at two hospitals in Sydney, Australia.
179 patients presented with TAAs over the study period, including 5 ruptures. 52 were
treated non-operatively, with 127 surgically repaired. Operative duration was significantly
shorter in endovascular than open repair of arch (193 + 108 vs 396 + 98 minutes, p = 0.0001)
and descending aneurysms (242 + 116 vs 422.5 + 161 minutes, p = 0.003). There were no
differences in mortality or complication rates (including paraplegia), duration of hospital or
ICU stay, or transfusion requirements between endovascular and open TAA repairs. Apart
from reduced surgical duration, this study revealed no benefits of endovascular over open

TAA repair. Overall morbidity and mortality was low, even in elderly patients.

Key words: thoracic aneurysm repair, open, endovascular, mortality

Abstract: 162 words

Main Body: 3,649 words
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Introduction

Thoracic aortic aneurysms (TAAs) include aneurysms involving the ascending aorta (from the
aortic annulus to the brachiocephalic trunk), the aortic arch (the brachiocephalic trunk to
the left subclavian), and the descending aorta (including thoracoabdominal aneurysmes,
extending from the left subclavian artery to the infra-renal aorta'). Ascending aneurysms
account for sixty percent of TAAs, the arch ten percent, and the descending aorta thirty
percent (of which one quarter extend distal to the diaphragm?). TAAs have an incidence of
10 per 100,0003, and if untreated carry a significant burden of disease, with a five-year
survival of fifty-four percent?, and up to a forty-seven percent two year mortality in high risk

patients>.

Although vast improvements have been made since the first surgical repair of a TAA in
1955°, perioperative mortality remains as high as nineteen percent, with one-year mortality
of up to thirty-one percent’. Further, a recent study demonstrated mortality to be as high as
thirty-four percent in the post-operative period post hybrid TAA repair (open vascular
reimplantation simultaneously with endograft repair)2. Substantial morbidity is also
common. Interruption of spinal arterial supply runs the risk of spinal cord ischemia (SCI) and
subsequent paraplegia, while renal ischemia risks acute kidney injury and failure. Each of
these complications can occur in up to eight percent of TAA repairs®!!. Cardiorespiratory
complications are also commonly experienced??® 13, As a result, TAA repair remains a high-

risk endeavour.
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Endovascular repair is accepted as the optimal method of management for many vascular
diseases'*'’. Reported benefits include reduced blood loss and infection risk, reduced
procedure time and transfusion requirement, reduced duration of mechanical ventilation,
low operative morbidity and mortality, reduced cost, reduced intensive care unit stay, and
faster time to mobilisation and discharge from hospital'’-?°. In addition to these general
advantages, proposed benefits of endovascular repair specific to TAAs include avoidance of
the physiological insults of aortic cross-clamping and thoracic or thoracoabdominal
incisions!. Ability to utilise local anaesthesia in up to fifty-three percent of patients 21
allows avoidance of cardiorespiratory morbidity and mortality associated with general

anaesthesia, as well as reduced hospital stay.

To date, apart from the landmark study by Greenberg et al®, the studies that have directly
compared the benefits of endovascular and open TAA repair???’ are generally from single
centres, have small sample sizes, and only two have examined data more recently than
2007. Many studies group thoracic and thoracoabdominal aneurysms, limiting the
application of these results. Thus, we sought to observe clinical outcomes of open and
endovascular TAA repairs in two Australian tertiary-referral hospitals over the previous
decade, examining ascending, arch, and descending aneurysms separately. We
hypothesised that morbidity and mortality has decreased over the last decade, and that

endovascular outperformed open TAA repair.
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Materials & Methods

A retrospective analysis of patient records was conducted at the Royal Prince Alfred and St
George Hospitals, which are tertiary level acute-care hospitals in Sydney, Australia.
International Classification of Diseases 10 classifications 171.1 (thoracic aortic aneurysm,
ruptured), 171.2 (thoracic aortic aneurysm, without mention of rupture), 171.5
(thoracoabdominal aneurysm, ruptured) and 171.6 (thoracoabdominal aortic aneurysm,
without mention of rupture) were used to identify patients who presented with
degenerative thoracic aortic aneurysms (including descending aneurysms of Crawford Class
0-111') between January 2003 and January 2013. Clinicopathologic manifestations included
acute severe pain, chronic pain, acute rupture, and incidental findings. All treating surgeons
were consultants, with 10 cardiothoracic and 11 vascular surgeons between the two
hospitals. All vascular surgeons were skilled at both endovascular and open procedures. Due
to the timeframe, the surgical teams and multidisciplinary teams varied across the study

period.

Demographic, surgical and clinical variables were collected. Independent variables included
age, sex, year of intervention, aneurysm type (defined as above, with descending aneurysms
classified as per 2010 Society for Vascular Surgery Reporting Standards?®) and size, co-
morbidities, American Society of Anesthesiologists (ASA) score, presence of rupture, use of
local or general anaesthetic, open or endovascular intervention, type and brand of graft, use
of cardio-pulmonary bypass, and use of cerebrospinal fluid (CSF) drainage. Patients
undergoing ascending aortic repair plus hemi-arch replacement were included in the

ascending group, and not in the arch group. Patients with disease extending across multiple
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areas of the aorta were excluded to prevent confounding. Patients who had undergone
previous open debranching were considered as part of the endovascular group, as only an
endovascular procedure was performed, and the open procedure was not performed during
that admission. Patients undergoing hybrid repair were included in the endovascular group.
Outcome variables included duration of surgical procedure, number of units of blood
transfused, in-hospital complications, post-operative paraplegia (as previously described?®),
in-hospital mortality, presence of endoleaks, rates of return to theatre (within 24 hours) and
re-operation (after the first 24 hours), acute kidney injury (defined as an increase in serum
creatinine greater than fifty percent?®) and acute kidney failure (defined as a tripling of
serum creatinine?®), time to first mobilisation, and duration of hospital and ICU (including
coronary care unit) stay. Patients were also divided into two age groups (over and under the
age of seventy-five years) to compare outcomes between younger and more elderly
patients (seventy-five years was chosen as this has been previously found to be the median
age of a high risk TAA-repair population®). Indication for CSF drainage was determined by
the operating surgeon, with patients having undergone previous abdominal aortic aneurysm

repair requiring pre-operative angiography to investigate spinal cord perfusion.

Mann-Whitney U tests were used to assess differences between the medians of groups for
continuous variables with skewed distributions, while t tests were used to compare means.
Categorical variables were compared using Pearson Chi-squared Tests. Binomial tests were
used to compare observed frequencies. Logistic regression was used to assess the

relationship between independent and outcome variables, with Cox Regression to compare

mortality rates of endovascular and open repairs, as well as baseline characteristics. A p
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value of 0.05 was considered to be statistically significant. All analyses were performed

using SPSS 22 (IBM, New York, New York, United States).

Ethics approval was gained from the Human Research Ethics Committees at the University
of Notre Dame Australia, with multi-centre ethics approval from the Sydney Local Health
District Ethics Review Committee (RPAH Zone). Site specific ethics approval was gained from

the Royal Prince Alfred and St George Hospitals separately.
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Results

Patients Undergoing Non-Surgical Management

There were fifty-two patients with thoracic aneurysms that were managed without surgery
(16 ascending, 24 arch, and 12 descending), due to a combination of surgery being deemed
inappropriate due to age and comorbidities making survival unlikely, or patient refusal. Five
of these patients presented with aneurysm rupture (1 ascending, 2 arch, and 2 descending).
There was no difference in gender (p = 0.488). Of the 8 patients that died in hospital
(including all five ruptures), average time to mortality was 3 days, with 4 dying within 24
hours of presentation. The ruptured aneurysms were not offered surgical intervention due
to likely futility, based on presentation, age (all but one being over 85 years of age) and
comorbidities. When compared to patients undergoing surgical management, patients
managed conservatively were markedly older (64.4 £ 13.1 vs 73.9 + 16.0 years, p <0.001),
more likely to be female (31 vs 56%, p = 0.001), had shorter hospital stays (11.6 + 13.6 vs 6.7
+10.2 days, p = 0.023), and were five-times more likely to die in hospital (3.1 vs 15.4%, p =

0.002). There was no change in the non-operative rate over time.
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Repair of Ascending Thoracic Aortic Aneurysms

Sixty-nine patients underwent open repair of an ascending TAA, with an average age of 63.0
+ 12.5 years. Mean aneurysm size was 55.4 + 10.6, with average ASA score 3.2 + 0.6. 52.2%
(36 patients) were smokers, 29.0% (20 patients) had ischemic heart disease, 58.0% (40
patients) had hypertension, and 10.2% (7 patients) had diabetes. Patients were twice as
likely to be male (66.7 vs 33.3%, p = 0.008). Average duration of surgery was 350 + 101
minutes, with mean duration of ICU stay 4.5 + 6.0 days, and total hospital stay 11.6 + 16.0
days. 3 patients (4.4%) returned to theatre within 24 hours, and 3 patients (4.4%)
underwent re-operation after the first day. An average of 2.9 + 4.3 units of packed red cells
were transfused, and mean time to mobilisation was 3.6 £ 7.5 days. One patient died,
secondary to a cardiac arrest while in ICU. Of the 11 patients (15.9%) suffering cardiac
complications, 9 patients suffered AF, and 4 suffered ventricular tachycardia (two of which
responded to cardioversion, and two required internal cardiac massage). The 6 patients
(8.7%) suffering infective complications included three with pneumonia, two with sepsis,
and one with a sternotomy infection. Other complications included 3 respiratory (4.4%), 1
renal (1.5%), 2 neurologic (2.9%), 4 haemorrhagic (5.8%), and 2 vaso-occlusive (2.9%).
Patients over the age of 75 were no different to those under 75, in terms of baseline or

outcome variables.
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Arch Repairs

Twenty-seven patients underwent arch aneurysm repair during the study period, twenty
open and seven endovascular (with two of the seven being hybrid procedures). There was
no difference in baseline characteristics and co-morbidities between these two groups
(Table 2). Patients were four times more likely to be male (p = 0.006). Of the endovascular
patients, one patient had undergone previous de-branching (left subclavian and carotid),
two patients underwent hybrid repair, and the remaining four had their left subclavian
covered (after appropriate pre-operative imaging). One patient had her endovascular repair
under local anaesthetic, and one open patient required two grafts. All open repairs were
performed via sternotomy and received cardiopulmonary bypass (CPB). One endograft
patient received CSF drainage, and one endograft patient did not go to ICU post-operatively.
Causes for return to theatre in the endovascular group included a groin haematoma, and a

broncho-aortic fistula.

Duration of endovascular arch aneurysm repair was half as long as open repair (p = 0.0001),
although there were no other differences in outcome between the two groups (Table 2).
One patient suffered acute kidney injury (in the open group), one suffered a sternotomy
wound infection, and seven of the patients developed atrial fibrillation. There were 2

endoleaks (28.6%), one Type 1a, and one Type 1b.

Patients over the age of 75 had significantly larger arch aneurysms (63.5 + 8.7 vs 52.1 +
9.5mm, p = 0.035), were more likely to undergo an unplanned return to theatre (25.0 vs

0.0%, p = 0.015), or develop an endoleak (25.0 vs 4.4% p = 0.048), despite no differences in
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other baseline co-morbidities. There was also no difference in mortality nor complications

when compared to patients under 75 years of age. Linear regression revealed no significant
relationship between surgical duration or aneurysm size and outcome variables. There was
no change in the percentage of endovascular arch procedures performed over the duration
of the study period (Figure Al — See Appendix), nor the rate of morbidity and mortality (p >

0.05).
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Descending Repair

Thirty-one patients underwent repair of descending aortic aneurysms, twelve open and
nineteen endovascular. Three had undergone previous abdominal aortic aneurysm repair.
There was no difference between rates of males and females undergoing descending repair
(p = 0.071). Patients undergoing endografting were significantly older (75.6 £ 7.2 vs 55.9 +
17.2 years, p = 0.0001), but otherwise were no different regarding baseline characteristics
and co-morbidities (Table 3). Three patients had undergone previous vascular debranching
(one patient underwent re-implantation of a renal artery, and two patients underwent re-
implantation of mesenteric arteries), and four patients underwent hybrid repair (three
required re-implantation of the left subclavian artery, one left subclavian and left carotid).
Twenty-three patients required only one endograft, seven patients required two, and one
patient required four. Four patients received grafts with fenestrations to the renal arteries
bilaterally. In the open group, approaches included nine anterolateral thoracotomies, and
three posterolateral thoracotomies. Six patients in the open group (50%), and six patients in
the endovascular group (32%) underwent CSF drainage, with one open and two

endovascular patients having had previous abdominal aortic aneurysm repair.

Descending aneurysm endografting was a significantly shorter procedure, taking less than
sixty-percent of the time of open repair (p = 0.003). There were no other differences in peri-
and post-operative characteristics between the two groups (Table 3). There were six
endoleaks in the endograft group, two Type 1a, one Type 1b, two Type 2, and one Type 3.
Of the three endovascular patients requiring return to theatre, one was to exclude ischemic

gut, one to treat an endoleak, and one due to groin haematoma. Three patients who
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underwent descending aneurysm repair died (11%). There was one death from acute kidney
failure, and two from sepsis. Acute renal failure occurred in two patients in the open group
(one secondary to intravenous contrast), with acute kidney injury in one endograft patient.
Linear regression revealed no significant relationship between aneurysm size nor surgical
duration and outcome variables. Further, multivariable analysis with Cox regression
revealed there was no difference in hazard of mortality for endovascular over open repair
(Hazard Ratio of endovascular versus open repair 1.16, 95% Cl 0.67 — 1.82, p = 0.83).
Similarly, there was no relationship between age, aneurysm size, and comorbidities on
morbidity (p>0.05). Two endovascular patients suffered paraplegia which resolved, one of

whom had previous abdominal aortic aneurysm repair.

Patients over the age of 75 were almost twice as likely to have an endovascular procedure
(83.3 vs 47.4%, p = 0.045). They were also more likely to require more blood transfused (5.5
+9.7 vs 1.2 £ 1.9 units, p = 0.008), have a longer ICU stay (5.5 £9.7 vs 3.5 £ 2.2 days, p =
0.032), non-ICU stay (10.1 £ 6.9 vs 6.1 + 3.4, p = 0.003) and total hospital stay (14.1 + 10.0 vs

9.6 + 4.0 days, p = 0.006).

There was a significant increase in the percentage of endovascular descending aneurysm
repairs over time (R2 =0.453, B =0.673, p = 0.033; Figure 1), but there was no change in

rates of morbidity and mortality (p > 0.05).
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Discussion

While the total number of TAA repairs has increased in the United States over the last 2
decades, the rate of open repair has remained constant3°. Endovascular repair rates now
account for 31 percent of all repairs, and are likely to continue to rise°. In the current study,
we found a similar trend for increasing endovascular repairs of descending aneurysms in
Australia. This is likely due to the perceived high mortality rates of open repair3?, the
increasing acceptability of endovascular approaches, and the aging population making
minimally invasive techniques more attractive. While one study demonstrated no
difference3?, it has been suggested that descending endovascular TAA repairs are less costly
in the short term (despite the considerable expense of the endograft itself?> 33 34) It is
therefore possible that the increasing pressure to minimise health spending may be
contributing to the increasing number of endovascular repairs, although there is evidence
that endografting may become more expensive in the long term, due to surgeon follow up
and CT surveillance?®. However, new developments in endovascular technology, and
potential decreases in endograft costs3* make endografting a viable option in an increasing
proportion of patients. In fact, the most recent analysis of endovascular and open TAA
repairs suggested that endovascular repair is more cost effective, notably as intervention
rates post-operatively were less than expected>. This suggests that with time, endovascular
repair is indeed becoming the more financially viable option. The decrease in percentage of
endovascular repairs between 2004 and 2006 is likely an artefact, due to the small total

number of descending TAA repairs (two and three repairs in 2005 and 2006 respectively).
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At the institutions examined in this study, we saw extremely low peri-operative mortality
rates in patients undergoing thoracic aortic aneurysm repairs. Three percent of patients
undergoing surgical management died during the study period, likely due to both improving
technique, as well as careful patient selection (for example, non-operative patients were
seen to be on average ten years older). However, patients over the age of 75 years were
noted not to have a higher mortality rate, suggesting perhaps that endovascular repairs of
descending TAAs may be appropriate in elderly patients, ones that may have been denied
an operation previously — although it may be careful selection of patients in the current
study that resulted in such outcomes. Interestingly, there was no difference in mortality
rates nor complication rates between endovascular and open TAA repairs. In the current
literature, data is conflicted regarding survival benefits and complication rates between
open and endovascular approaches. The largest study to date from Greenberg et al
demonstrated no difference in mortality either at one month or one year?, findings echoed
by a Swiss study which saw no difference at one, twelve, twenty-four or thirty-six months?*,
Similarly, a study of US Medicare data between 1998 and 2007 demonstrated that while in
the short term there may be a borderline mortality benefit from endovascular repair (6.1 vs
7.1%, p = 0.07), this is lost by two years3®. Several smaller studies concur, finding that a mild
perioperative survival benefit is quickly lost, and remains absent at up to ten years?? 23 2> 27,
30 Qverall, current evidence suggests no difference in long-term mortality between
endovascular and open TAA repairs, with the mortality rate of the current study similar to

that previously seen.
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The comparative benefits of either open or endovascular techniques in minimising spinal
cord ischemia also have not been seen, with only one study demonstrating a reduced risk of
SClI in endovascular TAA repairs?2. In the current study, only two patients suffered
paraplegia post-operatively, both of whom had undergone endografting of their descending
aorta. The observed paraplegia rate of 8% post endografting is similar to the 3-7% seen in
recent studies® 2223 252637 Thjs is interesting given that the use of spinal drains in our study
institutions (at 50 and 32%) is much lower than previously observed, with up to 66 and 79%
of patients undergoing prophylactic CSF drainage for open and endovascular repairs
respectively?. Although a recent Cochrane analysis suggested that data is limited and needs
further study3?, the largest and most recent randomised controlled trial3® found CSF
drainage is effective in preventing SCI. As such, further randomised controlled trials into the

efficacy of CSF drainage in preventing spinal cord ischemia are required.

No difference was seen in complication rate, when comparing open and endovascular
thoracoabdominal aneurysm repair. Although not statistically significant, patients
undergoing endovascular descending TAA repair were seen to suffer more paraplegic and
infectious complications, but the numbers of patients suffering these complications being
small makes this difficult to interpret. While not demonstrated in this study, endovascular
approaches have generally been shown to decrease the incidence of renal failure?> 2> %7,
respiratory failure??, duration of ICU%> 2”37 and hospital stays®? 37, and rates of reoperation®
27 However, with endovascular interventions there is the added risk of endoleaks?? and
peripheral vascular complications??, with evidence for increased cost?> %’. Interestingly,

patients who underwent endovascular TAA repair reported being significantly more
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depressed, and scored lower than a healthy cohort on subjective physical and mental

domain scores, while the open repair group scored within the normal range?*.

The difficulty with such studies is that sicker and more elderly patients are more likely to
receive endovascular TAA repair® 232>, thus skewing outcomes. In fact, the current study
demonstrated that patients undergoing endovascular repair were on average five and
twenty years older for arch and descending aneurysm repairs respectively. However, a large
meta-analysis (which included repairs of aortic trauma, dissections, ulcers and intra-mural
haemorrhage) by Cheng et al and included 5,888 patients demonstrated that age did not
impact outcomes when considering mortality, cerebrovascular accidents and paraplegia“°.
Similarly, we found that although patients over the age of seventy-five years were more
likely to undergo endovascular interventions, there was no difference in peri-operative
mortality, likely due to appropriate patient selection, and pre-operative planning and
assessment. However, these patients were more likely to return to theatre within 24 hours,
suffer endoleaks, have a higher transfusion requirement, and have a longer hospital and ICU
stay, despite no differences in baseline comorbidities. While patients over 75 years had
larger arch aneurysms than those under 75, size of aneurysm was found not to correlate
with peri- and post-operative outcome. These findings suggest that while surgical repair of
TAAs in elderly patients is likely to carry a low burden of mortality, these patients are at

increased risk of post-operative complications.
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The key limitations of this study are its retrospective nature, and its small sample sizes.
Sample size is notably an issue for endovascular treatment of arch and descending
aneurysms, notably as ICU stay appears to be (non-significantly) greater for endovascular
than open repairs. Additionally, as the endovascular group includes patients who underwent
hybrid procedures, their duration of stay and complication rate were not likely to differ from
open repairs. As such, a more accurate comparison of endovascular and open repairs would
contrast open and pure endovascular repairs, with no open procedures. Due to the relative
rarity of thoracic aneurysms, sample sizes remain small, and studies are universally
retrospective. As a result, it is difficult to make conclusive decisions regarding optimal
surgical management from such studies. In fact, a 2009 Cochrane review has called for
randomised controlled trials on TAA repairs to definitively address the endovascular versus

open query*,

In conclusion, surgical repair of thoracic aortic aneurysms in carefully selected patients in
Australia is associated with minimal mortality, but considerable morbidity. Apart from a
reduced surgical duration, the present study revealed no benefits of endovascular over
open TAA repair, with economic factors possibly driving the increasing proportion of
descending endografts seen. Overall, endovascular repair continues to perform well,
especially in high-risk and elderly patients, and should be considered intervention of choice
in suitable patients. Elderly patients are at increased risk of complications, but appropriate
patient selection and preoperative planning make TAA repair a valid option in increasingly

elderly and frail patients.
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Tables

Table 1 — Characteristics for all thoracic aneurysm patients, with comparisons between those
who underwent conservative and surgical management. Results are presented as means
with standard deviations. Categorical variables are expressed as raw number, with
percentage of the total in brackets. *p > 0.05

Total Conservative Surgical P Value

Number 179 52 127 -
Age (years) 67.2 +14.6 73.9 £ 16.0 64.4 +13.1 <0.001*
Male Gender (%) 111 (62.0%) 23 (44%) 88 (69.3%) 0.001*
Aneurysm Type

Ascending (%) 93 (52.0%) 24 (46.2%) 69 (54.3%) 0.542

Arch (%) 43 (24.0%) 16 (30.8%) 27 (21.3%) 0.072

Descending (%) 41 (22.9%) 10 (19.2%) 31 (24.4%) 0.618

Unknown (%) 2 (1.1%) 2 (3.8%) 0 (0.0%) -
Aneurysm size (mm) 57.7+£14.6 60.2 £ 15.5 56.6+14.1 0.114
Smoking status (%) 87 (48.6%) 15 (28.9%) 72 (56.6%) <0.001*
Ischemic heart disease (%) 60 (33.5%) 20 (38.4%) 40 (31.5%) 0.379
Hypertension (%) 123 (68.7%) 39 (75.0%) 83 (65.4%) 0.148
Diabetes (%) 22 (12.3%) 7 (13.5%) 15 (11.8%) 1.000
In-hospital Mortality (n) 12 (6.7%) 8 (15.4%) 4 (3.1%) 0.002*
Duration of Hospital Stay 10.2+12.8 6.7 £10.2 11.6+13.6 0.023*
(Days)
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Table 2 — Baseline, peri- and post-operative characteristics for patients undergoing arch
aneurysm repair. Results are presented as means with standard deviations. Categorical

variables are expressed as raw number, with percentage of the total in brackets. *p < 0.05.
€Excluding pneumonia, which has been classified as ‘Infectious’. £Excluding

paraplegia/paraparesis.

Number

Age (years)

Male gender (%)
Aneurysm size (mm)
Smoking status (%)
Ischemic heart disease (%)
Hypertension (%)
Diabetes (%)

ASA Score

Duration of Surgery (min)
Return to theatre within 24hrs (%)
Re-operation (%)
In-hospital Mortality (%)
Complications (%)
Respiratory®

Renal
Paraplegia/paraparesis
Cardiac

Infectious

Neurologict
Vaso-occlusive
Haemorrhagic

Units of Blood Transfused

Total

27
64.1+11.4
21 (77.8%)
53.0+10.1
13 (48.2%)
9 (33.3%)
22 (81.5%)
6 (22.2%)

3+0.6
343 +134
1(3.7%)
2 (7.4%)
0 (0%)
18
0 (0%)
1(3.7%)
0 (0%)
9 (33.3%)
3(11.1%)
1(3.7%)
0 (0%)
3(11.1%)
2.88+4.2

Open Repair

20
62.9+11.0
16 (80.0%)
52.7 £10.9
9 (45.0%)
6 (30.0%)
15 (75.0%)
5 (25.0%)
3.1+05
396 + 98
0 (0.0%)
1(5.0%)
0 (0%)
12
0 (0%)
1 (5.0%)
0 (0%)
7
2
0 (0%)
0 (0%)
2 (10.0%)
3.45+2.1

Endovascular
Repair

7
67.7+12.8
5 (71.4%)
58.2+ 6.4
4 (57.1%)
3(32.9%)
7 (100%)
1(14.3%)
2.8+0.8
193 +108
1(14.3%)
1(14.3%)
0 (0%)
6
0 (0%)
0 (0%)
0 (0%)

2 (28.6%)
1(14.3%)
1(14.3%)
0 (0%)
2 (28.6%)
13422

p value

0.363
0.639
0.083
0.580
0.535
0.143
0.557
0.413
<0.000*
0.085
0.419

0.850

0.850

0.808

0.893

0.607

0.498
0.162
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Table 2 continued

Endoleaks

Type | (%)

Type Il (%)

Duration of ICU Stay (days)
Time to First Mobilisation (days)
Duration of Non-ICU Stay (days)

Total Duration of Hospital Stay
(days)

2 (7.4%)
0
45+6.9
3.2+8.0
7.2+113
11.3+12.3

3.45+2.11
1.75+1.1
6.25+4.0
9.7+4.6

2 (28.6%)
0
7.4+133
7.3+15.8
8.4 +10.5
15.9 +23.6

0.464
0.978
0.850
0.341
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Table 3 — Baseline, peri- and post-operative characteristics for patients undergoing
descending aneurysm repair. Results are presented as means with standard deviations.
Categorical variables are expressed as raw number, with percentage of the total in brackets.
*p <0.05. Excluding pneumonia, which has been classified as ‘Infectious’. £Excluding
paraplegia/paraparesis.

Total Open Repair Endovascular p value
Repair

Number (n) 31 12 19 -
Age 68.0 £ 15.33 55.9+17.2 75.6+7.2 <0.005*
Male gender (%) 21 (67.7%) 7 (58.3%) 14 (73.7%) 0.373
Aneurysm size (mm) 62.8+22.2 66.3+21.4 59.6 £23.3 0.461
Smoking status (%) 23 (74.2%) 8 (66.7%) 15 (79.0%) 0.447
Ischemic heart disease (%) 11 (35.5%) 3 (25.0%) 8 (42.1%) 0.332
Hypertension (%) 21 (67.7%) 7 (58.3%) 14 (73.7%) 0.373
Diabetes (%) 2 (6.5%) 0 (0%) 2 (10.5%) 0.245
ASA Score 3.4+0.7 3.8+0.7 3.3+0.7 0.079
Crawford Classification

0 (%) 6 (19.4%) 2 (16.7%) 4 (21.1%) 0.763

I (%) 21 (67.7%) 9 (75.0%) 12 (63.2%) 0.492

I (%) 2 (6.5%) 0 (0%) 2 (10.5%) 0.245

111 (%) 2 (6.5%) 1(8.3%) 1(5.3%) 0.735
Duration of Surgery (min) 311+160 422.5+ 161 242 £ 116 0.003*
Return to theatre within 24hrs 4 (12.9%) 3 (25%) 1 (5.3%) 0.110
(%)
Re-operation (%) 4 (12.9%) 2 (16.7%) 2 (10.5%) 0.619
In-hospital Mortality (%) 3(9.7%) 1(8.3%) 2 (10.5%) 0.841
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Table 3 continued

Complications (total)
Respiratory® (%)
Renal (%)

Paraplegia/
paraparesis (%)

Cardiac (%)
Infectious (%)
Neurologict (%)
Vaso-occlusive (%)
Haemorrhagic (%)
Units of Blood Transfused
Type |
Type ll
Type lll
Duration of ICU Stay (days)
Time to First Mobilisation (days)
Duration of Non-ICU stay (days)

Duration of Hospital Stay (days)

Total

23
9 (29.0%)
3(9.7%)
2 (6.5%)

1(3.2%)
4 (12.9%)
2 (6.5%)
0 (0.0%)
2 (6.5%)
2.9+55
3(9.7%)
2 (6.5%)
1(3.2%)
43+6.2
2.8+19
7.5+5.4
11.9+7.9

Open Repair

9

4 (33.3%)

2 (16.7%)
0 (0%)

0 (0%)
0 (0%)
1(8.3%)
0 (0%)
2 (16.7%)
39+76

39+3.0

3.7%+22

8.8+5.2
12.7+6.9

Endovascular
Repair

14
5 (26.3%)
1 (5.3%)
2 (10.5%)

1(5.3%)
4 (21.1%)
1(5.3%)
0 (0%)

0 (0%)

22437
3 (15.8%)
2 (10.5%)
1(5.3%)
45+7.6
24+15
6.9+5.5
11.5+8.6

p value

0.330
0.218
0.296
0.245

0.419
0.089
0.735

0.066
0.704

0.562
0.100
0.177
0.389
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Figure

Figure 1 — Percentage of patients undergoing endovascular descending aneurysm repair per
year over the study period. R?> = 0.453, 8 =0.673, p = 0.033
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Crosbark

Open versus Endovascular Repair of Arch
and Descending Thoracic Aneurysms:
A Retrospective Comparison

Timathy P, Shirasv,’” Raffl Queabien,’ Darld Tards,” Gewills Nii,” and Zelds Doyle”
Cammperdman and Derling Rierst, New Sogh Wealks, Ausrrilia

Background: Thoracic aorsc aneurysms (TAAS) contribule sgnificant monally i beil untreated,
bul surgecal repair has historcally cared substangal risks,

Methods: We scught 1o observe Wends and culcames of open and endovascular horacic
endovascular ansurysm repair Moracs aorke repairs, 50 conducled a relrospecive review d
&l pasents who presented for management of TAAS from 2003 1o 2013 al 2 hospitals in Sydney,
Ausiraiia.

Results: A total of 179 patents presented wilth TAAS over he sludy pedod, including 5 nup-
twres. Fifly-two were (realed nonoperatvely, wih 127 sungically epaied. Operative duralion
was signilicantly shorer in endovascular than open repair of arch (193 + 108 ve.
06 + 9B min, P = 0.0001} and descending aneurysms (242 + 116 va. 4225 + 161 min,
P = 0.003). There were no dillerences in mortality of comgiicalion rales fncuding paraplegia),
duraon of hospatal o inlensive care unil slay, of Iransiusion requiraments between endovascu-
lar and open TAA epairs.

Conclugiong: Apan tom reduced surgesl duration, this study mvealed no benalits of endo-
vascular over open TAA repar. Overal momidity and monality were kow, even in ddery

pasents.

INTRODUCTION

Thorade aortc aneurysms (TAAS) indude aneu-
ryamsinvalving the ascending aorta (from the anmic
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armulus to the brachiocephalic runk), the aortic
arch (the bmadchioccephalic trunk to the left
subdlaviany, and the descending aora (inclading
thoracrabdominal aneurysms, extending from the
left subclavian artery to the infrarenal aoma’).
Ascending aneurysns acoount for 609 of TAAs,
the arch 10%, and the descending aorta 3096 (of
which one-quarter extend distal to the diaphragm®).
TAMAs have an incdence of 10 per 100,000,* and if
untreated carry a significant burden of dsease,
with a S-year survival of 54%,* and up w a 47%
2-wear manrtality in high-risk patients (interestngly,
539 of these deaths are not aneurysm related).”
Although wast improvements have been made
since the first surgical repair of a TAA in 19557
perioperatve monality remains as high as 199,
with I-year mortality of up to 31%.7 Furthermaore,
a recent study demonsmted momality o be as
high as 3% in the postoperative period afier
hybrid TAA repair (open vascular reimplantaton
simulaneously with endograft repair).” Substantial
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maorhidity 15 also common,. Intermption of spinal
arterial supply runs the rsk of spinal cond ischemia
(SCI) and subsequent paraplegia, whereas renal
ischemia risks acute kidney injury and failure.
Each of these complications can oocur in up o
B% of TAA repairs.” " Ca'rdmrci}'dratnr:r onmipli-
cations are also commonly experienced. ™" As a
resuk, TAA repair remains a high-risk endeavor.,

Endovascular repair is accepted as the optimal
method of management for many vascular diseas-
s, * 7' Reported benefits indude reduced hlood
lms and infecton risk, meduced procedure time
and transfusion requirement, reduced duraton
of  mechanical  wentllation, low  operative
maorbidity and morality, reduced oost. reduced
intensive care undt (ICU) stay, and faster time 1o
mobilizaton and discharge from hospital.”” = In
addition to these general advantages, proposed
benefits of endovascular repair specific o TAAs
thoradc endovascular aneurysm repair (TEVAR)
indude avoldance of the physiological insults of
aortic cros-clamping and thoradc or thoracnabdo-
minal incisions. ' Ability to use local anesthesia in
up to S4% of patients”™ allows avoidance of
cardiorespiratory morbldity and mortality assoc-
ated with general anesthesa, as well as reduced
haoapital stay.

To date, apart from the landmark study by Green-
berg etal.,” the studies that have directly compared
the benefits of TEVAR and open TAA repair™ ~ ame
generally from single centers, have small sample
sizes, and only 2 have examined data more recently
than 2007, Many studies group thorack and thora-
onabdominal aneuryams, limiting the application of
these results. Thus, we sought o observe clinical
autonmes of open and mdovascular TAA repairs in
2 Australian tertiary -referral hospitals over the pre-
vious decade. examining ascending, arch, and
desomuading ancurysms separately. We hy pothesized
that maorhidity and maortality has decreased over the
last decade. and that TEVAR outperformed open
TAMA repair.

MATERIALS AND METHODS

A retrospective analysis of patent records was con-
ducted at the Boyal Prince Alfred and St Geomge Hos-
pitals, which are tertlary level acute-care hospitals
in Sydney, Australia. Faternationel Clsefoetion of Dis-
caggs M) clissfiamions 1710 (TAA, ruptured), 712
(TAA, without menton of rupture), 171.5 (thora-
coabdominal aneurysm, ruptured). and 71,6 (thor-
atnabdominal aortic aneurysm, without menton of
rupture) were used to identify  patients who

Thorade aneumiam repairy iy Ausmahs 31

presented with  degenerative TAAs  (inchiding
descending aneurysms of Crawford class 0=I0" ) be-
twemn January 2003 and January 2013, Clinden-
pathologic manifestations induded acute severe
pain, chmonic pain, acute rupture, and inddental
findings, All treating surgeons were oonsultants,
with 10 cardiothoracicand 11 vascular surgeons be-
itweemn the 2 hospltals, All wvascular surgeons were
skilled at both endovascalar and open procedures.
Because of the fime frame, the surgical teams and
multdiciplinary teams wvarled across the study
pedod. Various demographic, surgical, and cinical
wadahbles were collected from patient reconds by
research asistants who deldentified the data before
they were secen by the prindpal investigators. Cook
Medical™ prowided a rescarch scholarship for the 2
research assistants, who were not told the source
of the funding until after the data were collected,
redudng risk of blas. Indepmdent wariables
inchuded age, sex. year of interventon, aneurysm
type (defined as above, with descending aneurysms
classified as per 20010 Sodety for Vascular Surgery
Reporting Standan:]s.z";l, and size, comorhbiditdes,
American Sodety of Anesthesiologists (ASA) score,
the presence of rupture, use of local or general anes-
thetlc, open or endovascular interventon, type and
brand of gmfi, use of ardiopulmonary bypass, and
use of cerebmspinal fluid (C5F) drainage. Patients
undergoing ascending aortic repair plus hemiarch
replacement were induded in the ascending group,
and not in the arch group. Fatients with discase
extending across multiple areas of the aorta were
exduded to prevent confounding, Patents who
had undergone previous open debranching were
comsldered as part of the endovascular group, as
only an endovascular procedure was performed,
and the open procedure was not performed during
that admission. Patents undemoing hybdd repair
were included in the endovascular group., Qutcome
wvadables inchuded duraton of surmgical procedure,
number of units of blood transfused, in-hospital
complications, postoperative paraplegla {as previ-
ously described”), in-hospital mortality, presence
of endoleaks rates of mturmn to theater (within
24 hr) and reoperatdon (after the firg 24 hr, acute
kidney injury {defined asan increase in serum oreat-
inine greater than 50% ") and acute kidney failure
{defined as a tripling of serum creatinine”), tme
to first moblizations, and duratdon of hospital and
[CU {induding coronary care unit) stay. Patents
weere also divided into 2 age groups (over and under
the age of 75 years) to compare outoomes between
younger and more eldedy patients (75 years was
chosen as this has been previously found to be the
median age of a high-risk TAA-repair population”).
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[ndication for CS5F drainage was determined by the
operating surmgeon, with patients having undemone
previous  abdominal  aoric  aneurysm  repair
requiring preoperatve angiography to investigate

spinal cord perfusion.
Mam=Whitney L tests were used toasses diff er-

encesbetween the medians of groups for continuous
varahles with skewed distributions, whereas § tests
were nsed to compare means. Categorical variables
weere comparad using Pearson chi-squared tests,
Binomial tests were used to compare observed foe-
quendes, Logistc regresion was used to asses the
relatonship between independent and outoome var-
iables, with Cox regression to compare mortality
rates of endovascular and open repairs, as well as
baseline characterkstics. A Pvalue of 005 was consid-
ered to be statdsically dgnificant. All analyses were
pedormed using SPSS 22 ([EM, New Yaork, NY).

Ethics approval wa gained from the Human
Rescarch Ethics Commitiess at the Undwersity of
Motre Dame Australia, with multcenier ethic
approval from the Sydney Local Health District
Ethics Beview Committes (EPAH zone). Site specific
ethics appmval was gained from the Boyal Prince
Alfred and 5t George Hospitals separately,

RESULTS

Patients Undergoing Monsurgical
Management

Therewere 52 patients with thoradc aneurysms that
were managed without surgery (16 ascending, 24
arches, and 1 2 descending), because of acombinaton
ofsurgery bang deemed inappropriate due to age and
comaorbldifies makdng survival unlikely, or patient
refusal. Five of these patients presented with aneu-
rysm rupture {1 ascending, 2 arches, and 2 descend-
ing). There was no difference in gender (P = 0.4 88).
0Of the & patlents that died in hospital {inchiding all
5% mupiures), average tme to mortality was 3 days,
with 4 dying within 24 hr of presentadon. The
ruptured aneurysms were not offered surgical inter-
venton due to likely futlity, based on presentation,
age (all but one being over 85 years of age) and
comaorbidities, When compared with patents under-
going surgical management (Table 1), patlents
managed oomservatively were markedly older
(6dd 2= 131 va 739 = | 6.0 years, P < 0.001 ), more
likely to be female (31 ws. 536%. F = 0.001), had
shomer  hospital  stays (116 = 136 ws
6.7 = 0.2 days, P =0023), and were 5 times maore
likely to die in hospital (3.1 vs. 15.4%, F = 0.002),
There was no change in the nonoperative mie over
time,

Annaks of ¥asmlar Surgery

Repair of Ascending TA As

Sixty-nine patents underwent open repair of
an ascending TAA, with an  average age of
630 = 125 wears, Mean aneuryan size was
554 = 106, with avemge ASA soome 3.2 = 0.6, Over-
all 522% (36 patents) were smokers, 29.0% (20
patents) had ischemic heart disease, 58.0% (40 pa-
tents) had hypertension, and 10.2% (7 patents)
had diabetes. Patents were twice as likely to be
male (66,7 v, 33, 3%, P=0008). Average duraton
aof surgery was 350 = 101 min, with mean duraton
of IOU stay 4.5 = 6.0 days, and total hospltal stay
11.6 = 160 days. Theee patients (4.4% ) returned
to theater within 24 hr, and 3 patients {(4.4%) un-
derwent reoperation after the firg day. An average
aof 2.9 =4 3 units of packed red cells was transfused,
and mean time to mobilization was 3.6 = 7.5 days
OUme patient died, secondary to a cardiac arrest while
in ICU. Ofthe 11 patdents (15.9% ) suffering cardiac
complicatons, 9 patients suffered AF, and 4 suffered
ventricu lar tachycardia {two of which responded to
cardiowersion and 2 required internal cardiac mas-
sage). The 6 patlents (8.7 % ) suffering infective com-
plicatons inclhaded 3 with pneumonia, 2 with sepsis
and 1 with a sternotomy infecion. Other complica-
tons included 3 respiratory (4.4%), 1 renal {(1.5%),
2neurologic (2,9%), 4 hemarrhagic (5.8%), and 2
vaso-ooclusive (2.9%). Patdents over the age of 75
were no different to those under 75, in terms of
haseline or outcome variables

Arch Repairs

Twenty-seven patents underwent arch aneuryam
repair during the study period, 20 open and 7 endo-
vascular (with 2 of the 7 being hybrld procedures).
There was no difference in baseline characteristics
and comorhidides between these 2 groups (Table
[1). Fatents were 4 tmes more lkely to be male
(P = 0.006), Of the TEVAR patents, one patent
had undemone previous debranching (left subcla-
vian and carptd), X patdents underwent hyhrid
repair, and the remaining 4 had their left subdavian
coversd (after appropriate preoperatve imaging).
OUme patient had herendovascular repairunder local
anesthetlc, and | open patent required 2 grafts, All
open repairs were performed via sternotomy and
received cardiopulmonary bypas (CPE). One
TEV AR patient recetwed C5F drainage, and | TEVAR
patent did not go to ICU postoperatvely . Causes for
refurn to theater in the endovascular group
induded a groin hematoma, and a broncho-aortc
fistula.

Duratdon of endovascular arch aneurysm repair
was half as long as open repair (F = 0.0001),
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Table I. Chamcteristics for all thormacle aneuryam patients, with comparisons between those whao

undde rwent conservative and surgical management

All patents Comservatve Surngiml Fuahe

Mumber 17 52 127 —
Age [years) 6.2+ 146 Ti9 + 16.0 Gl d 131 <1 *
Male gender (%) 111 [ 23 (44) BR [69.3) D1 *
Aneurysm type

Ascending (%) 93 (5200 24 (463 &% [ 54.3) 0,542

Arch [ %) 43 [24.0) 16 (30.8) 27 (2L.3) 0072

Descending (%) 41 [22.9) 1l (19.2) 31 [24.4) DGl18

Thkmorwn (%) 211} 2 (3.B) i (i —
Aneurysm sive (mm} 5.7+ 1446 602 + 15.5 566+ 14.1 n114
Smoking sans (%) BT (4B.6) 15 (28.9% T2 [ 566G) <1 *
Ischemic hean disease (%) 6 [33.5) 20 (384} 4 (31.5) 0.iTe
Hypertension (%) 123 (SR T) 39 (7500 B3 [(65.4) 0148
Diiabeetes [ %) 23 [12.3) T {13.5 15 {118} 1 e
In-hosqital momakity (x) 12 (6T} B (15.4) 4 (3.1} DD2*
Daration of haspital Stay {daysh 2+ 128 &7 £ 102 11.6 £ 136 Du23*

"F = 005

Resulis are presented a5 means with standard deviations. Categorical variables are expressed as raw number, with peroentage of the

tortal im brackets.

although there were no other differences in
outonme between the 2 groups (Table [0). One pa-
tent suffered acute kidney injury (in the open
groupj, | suffered a sternotomy wound infecion,
and 7 of the patients developed atrlal fibrilllation.,
There were 2 endoleaks (2B.6% ). 1 type la, and 1
type 1b.

Patientsover the age of 75 had significantly larger
arch aneurysms (63.5 = 87 ws, 521 = 9.5 mm,
P = 0,035, were more likely to undergo an un-
planned return o theater (250 ws,  000%,
F=0015), or develop an endoleak (250 vs, 4.4%
F=0048), despite no differences in other baseline
comaorbidities. There was also no difference in mor-
tality nor complicatons when compared with pa-
tents less than 75 years of age. Linear regression
revealed no slgnificant rdationship between surgl-
cal duration or ancuryan dze and outoome vari-
ables. There was no change in the percentage of
endovascular arch procedures performed over the
duration of the study pedod. nor the rate of
morhidity and maortality (# = 0.05%).

Descending Repair

Thirty-one patents underwent repair of descend-
ing aortc aneurysms, 12 open and 19 endovascu-
lar. Three had undergone previous abdorninal
aortic ancurysm repair, There was no difference
between rates of males and fernales undergoing
descending repair (P = 0.071), Patdents undergo-
ing TEVAR were significantly older (75.6 = 7.2
vi, 559 = 172 years, P = 00001}, but otherwise

were no different regarding haseline charmacteris-
tics and comorhidities (Table [00). Three patients
had undergone previous vascular debranching (1
patent underwent reimplantation of a renal ar-
tery, and 2 patients underwent relmplantation of
mesenteric arteries). and 4 patents underwent
hybrid repair (3 required relmplantatdon of the
left subdavian artery, 1 lefi subdavian and left ca-
rotd), Twenty-three patients required only one
endogrmaft, 7 patients required 2, and 1 patient
required 4. Four patlents received grafis with fen-
estrations to the renal arteries bilaterally, In the
open group, approaches included 9 anterolateral
thoracotomies, and 3 posterolateral  thoraoot-
omies S patients in the open group (50% ) and
& patents in the TEVAR group (32% ) underwent
C5F drainage, with | open and 2 endovascular pa-
tients having had previous abdominal acrtic aneu-
Tyan repair,

Descending  aneurysm  endografing was a
significantly shorter procedure, taking less than
&% of the time of open repair (P = 0.003). There
were no other differences in perioperatwe and
postoperative characeristic between the 2 groups
(Table [1T). There were 6 endoleaks in the TEVAR
group, 2 type la, | type 1bh, 2 type 2, and 1 type 3.
Of the 3 TEVAR patients requiring return to the-
ater. 1 was to exclude ischemic gut. | to treat an
endoleak, and | due to groin hematoma, Three pa-
tients who underwent descending aneurysm
repalr died (11%). There was one death feom
acute kidney failure, and 2 from sepsis. Acute
renal fallure occurred in 2 patents in the open
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Table IL Bascline, perioperative, and postoperative characteristics for patlents undergoing arch

aneuryan repair

All panents Open Teqatr Endnvascular repar Fvahie
Humbser ) 20 T —
Age (yearms) 6d.1+11.4 G629+ 11.0 7.7+ 128 0,363
Male gemder (%) 21 (TT.E) 1 (B} 3 (TL4) 0,639
Aneurysm size (mum) 33,0+ 10.1 3.7 + 10,9 8.2+ 64 0083
Smuoking status (%) 13 (48.2) S (4500 4 (571} i, SR
Ischemic heart disease (%) o (33.3) & (3000 3 (3L 0,535
Hyperemsion (%) 22 (B1.5) 15 (7540 T i L) 0143
Diiabetes (%) & (233) 5 (25.0) 1 {14.3) 0,557
ASA sooTe 3+ 06 31+ 05 28 +08 0413
Duration of surgeny (min) Mix 1M 396 + 98 193 + 108 <10,
Beturn b theater within 24 hr (%) 1 (3.7 0 (008 1 {143} 0085
Reoperation (%) 2 (TAp 1 (5.08 1 {143} 0.41%
In-hospital mortalivy (%) 0 (0 LN 0 () —_
Complicatioos (%) 18 12 & 0. 850
Respiratory’ (%) 0 (0} 0 {0} 0 (0} -
Bemal (%) 1 (3.7 1 (5.08 LI 0. 850
Paraplegia fja caparesis (%) 0 (D) 0 (0} 0 (D) —
Candiac 9 {33.3%) 7 2 [2B.6%) 0. 808
Infectious 3 (11.1%} . 1 ({14.3%) 0,893
Neumdbigic™ (%) 1 (3.7 L 1 {143} 0,607
Vasr-ooclusive (%) LU LU LR —
Hemumrhagic (%) 3{11.1} 2 (100} 2 [2R6) 0498
Tmits of blossd trarshased 288 +42 345+ 2.1 1.3+£22 0, 162
Bl eaks
Type T (%) 2 (TAp —_ 2 [2R.6) —_
Typee IT (% L1 — L1 —
Diuration of ICLT stay (days) 45 £ 6.9 345+ 211 T4+133 464
Time o lirst Maobilization (days) 12 x8.0 175 £ 1.1 T.3£138 0978
Diuration of non-TCTY stay (days) T2x11.3 625 4.0 B4+ 105 0. 850
Tostal duration of hospital say (days) 11.3 £ 12.3 9T £ 46 15.9+ 236 0541

*F o 05

Results are presenisd a5 means with standand deviations . Cadegorim] variahles ane expressed as raw number, with percemtage of the

teral m brack e,

*Exchuding preumania which has bemn dasstfied as “Infecious.~

b exduding pataplegia andior par aparests.

group (one secondary to intm@venous contrast),
with acute Kdney injury in | endograft patient.
Linear regression revealed no significant relation-
ship between aneurysm size nor surgical duration
and outcome varlables. Furthermore, multvari-
able analysis with Cox regression revealed there
was no difference in hazard of mortality for
TEVAR over open repair (hazard rato of endovas-
cular weraus open repair 116, 95% CI 0L67=1.82,
F=083). Similarly, there was no relationship be-
tween age, aneurysm size, and comorhidities on
morhidity (# = 0.05). Two endovascular patients
suffered paraplegia which resolved, one of whom
had previous abdominal aorde aneurysm repair,
There was no difference in morbidity, mortality,
or other outcome wvadable between hybrd or
debranching patients, and other endovascular

patients (P = 0.05%). Similarly, exduding hyhrid
of debranching endovascular patients from the
analysis did not change outcomes when compared
with open repair,

Fatlents over the age of 75 were almos twioe as
likely to have an endovascular procedure (833 ws,
A7 A%, F = 0.045). They were ako maore likely to
require more blood transfused (5.5 = 97 ws,
1.2 = 1.9 units, # = 0,008), have a longer ICU stay
(5.5 =97 vs 3.5 = 22 days, P= (0.032), non-ICU
stay (101 =6 9vs 6.1 =34, P=0,003), and total hos-
pital stay (14,1 = 10,0 ws, 9.6 = 4.0 days, P= 0.00a).

The re was a slgnificant increase in the percent-
age of endovascular descending aneurysm repais
over ime (R® = 0.453, p = 0.673, P = 0.03%
Flg. 1). but there was no change in rates of
morbidity and mortality (P = 0.05).
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Table ITI. Bascline, perioperative, and postoperative characteristics for patients unde mpoing descending

ANEUTYST Tepalr

All patients Open Teqair Endovasoular repatr F value
Mumber {x) 31 12 1% —
Age (years) 680+ 1533 559 & 17.2 TG £T2 <L 5*
Male gender (%) 21 (67T.T) T (38.3) 14 (T3.7) 0373
Aneurysm sise (mm) G2 B+ 233 o3 + 21.4 506 £ 23.3 LT
Smaoking fane (%) 23 {T4.2) B (66T} 15 (F9.0) n.447
Ischemic hean disease (%) 11 {35.5) 3 [25.0) & i42.1) 332
Hypertension (%) 21 (67.7T) T (38.3) 14 (T3.7) 0373
Diiabsetes () 2 (.5 0 (D) 2 [ 1.5 0245
ASA oo 3407 g+ 0T L3207 00T
Crwlonl clasihcation
(%) & (19.4) 2 [16.T) 4 (21.1) 0.763
I (%) 21 (67T.T) @ (7500 12 [d3.2) 492
I (%) 2 (6.5 0 (D) 2 [ 1.5 0245
I (%) 2 (6.5} 1 (8.3} 1 (5.3} 0735
Durmation of surgery (min} 311 + 160 4225 + 161 242 + 114 0.3+
Betum wr theater within 24 hr (%) 4 (12.%9) 3 (25) 1 (5.3} 0110
Reoperation | %) 4 (12.9) 2 [16.T) 2 [ 1.5 0619
In-hompital monalkine (%) 3T 1 (8.3} 2 {15 mA41
Complications | usal) 23 o 14 0.3 30
Respimtory” (%) o 2e.0) 4 (33.3) 5 (2.3 0218
Renal (%) 3 8.T) 2 [16.T) 1 (5.3) 0296
Paraplegial paraparesis (%) 2 (6.5 0 (D) 2 (1.5 0245
Cardiac (%) 1 (3.2} LL N 1 (5.3} n41e
Infectimes (%) 4 12.9) LEN 4 (21.1) 0089
Meuraogic™ (%) 2 (5 1 (8.3 1 (5.3) 0735
Vamo-oochasive (%) LN IR 0 (D) LR} —
Hemarrhagic | %) 2 (6.5} 2 (16T} 0 (0% 0.0
Thits af belommd transhosed 29+ 55 1%+ 76 2.2 %37 .70
Endaoldeaks
Type T (%) 3 T) — 3 [15.8) —_
Type IT (%) 2 (6.5 — 2 [ 1.5k —
Type T (%) 1 (3.2} — 1 (5.3} —
Daration of TCT stay (days) 4.3 +62 %+ 30 4.5 £ 7.6 0,562
Time w0 hirst Mobilteation (days) 28+19 3T+ 22 24x1.5 0. 100
Durmation of non-ICL stay {days) T.5+£54 BB+ 52 6.9 £ 5.5 0177
Duration of hospital stay (days) 11.9+ 79 127 £ &9 11.5 + B8 0389
"F o 005
Resulis are presented a5 means with standard deviations. Categorical varables are expressed as raw number, with peroentage of the
tovtal im brackets.
*Exchiding pneumania, which has been dass fied as “Infectious.”
"Excluding paraplegiaparaparesis.
DISCUSSION increasing  acceptability of endovascular  ap-

Although the total number of TAA repairs has
increased inthe United States over the last 2 decades,
the rate of open repair has remained constant, ™
Endovascular repalr rates now account for 31 % of
all repairs and are likely to continue to rise.™ In
the present study, we found a similar trend for
increasingendovasoular repais of descending aneu-
rysms in Australia. This s lkely because of the
percdved high mortality rates of open repair.”’ the

proaches, and the aging population making mdni-
mally invasve techniques mome attractwve.
Although one study demonstrated no difference, **
it has been suggestod that descmnding endowvascular
TAMA repairs are less costly in the shor term (despite
the conslderable expense of the endograft it-
self™ ™), It is therefore posdble that the
increasing peessure to minimize health spending
may be contdbuting to the increasing number of
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Fig. 1. Pemcentage of patients undergoing endovascular descending aneurym repair per year owver the study period.

B = 0453, p = 0.673, and P= 0033

endovascular repairs although there is evidenoe
that endografting may beoome more expensive in
the long term, due to surgeon follow-up and
computed tomography survelllance.™ However,
new developments in endovascular technology,
and potental decreases in endograft costs™ make
TEVAR a viable option in an increasing proportion
of patienis. The decrease in percentage of endovas-
cular repaims between 2004 and 2006 & likely an
artefact, bhecause of the amall total number of
descending TAA repairs (2 and 3 repais in 2005
and 2006, respectvely).

At the institutions examined in this sudy, we
saw extremely low periopemative mortality rates in
patents undergoing TAA repairs. Three percent of
patents undergoing surgical managanent died dur-
ing the siudy perind, likely due o both improving
technique, and careful patent selecdon (eg.,
nonoperative patienis were seen to be on average
10 years older). However, patients over the age of
75 years were noted not 1o have a higher monality
rate, suggesting perhaps that endovascular repairs
of descending TAAs may be appropriate in elderly
patents, ones that may have been dended an oper-
ation previously—although it may be careful selec-
tion of patents in the present study that eesulted
insuch outoomes. Inierestingly, there was no differ-
ence in mortality rates nor complication rates be-
itween endovascular and open TAA repairs. In the
current Hterature. data are conflicted regarding
survival benefits and complication mies between
open and endovascular approaches. The largest
study to date from Greenberg et al.” demonstrated

ng difference in maortality either at | month or 1
vear, findings echoed by a Swiss siundy which saw
nodifference at 1, 12, 24, or 36maonths. ™ Similarly,
asiudy of US Medicare data between 1998 and 2007
demonstmated that whereas in the short term there
may be a borderline mortality benefit from endo-
vascular rcPaJr (6.1 vs. 7.1%, F=0.07), this is lost
by 2 years.”” Seveml smaller studies concur, finding

that a mild perioperative survival benefit is quickdy
lost,  and  remains absent at o up to 10
ywears,” S Operall, current evidence suggests
nodifferenoe in long-term mortality between endo-
vastular and open TAA repairs,

The oomparatve benefits of either open or
endovascular techniques in minimizing SCI also
have not been seen, with only one study demaon-
strating a reduced risk of SCI in endovascular TAA
repairs. ™ In the present study, only two patients
suffered paraplegia postoperatdvely, both  of
whom had undergone TEVAR of their descending
aorta. The obserwed paraplegla rate of 8% post
endografting 15 similar to the 3=7% seen in
recent studies.” " Thi is interesting
given that the use of spinal drains inour study in-
sttutdons (at 50% and 32%) is much lower than
previously observed, with up to 66% and 79%
of patients undergoing prophylaciic C5F drainage
for open and endovascular repairs, respectively.™
Although a recent Cochrane analysis suggested
that data are limited and need further study,”™
the largest and most recent  randomized
contmlled trial™ found CSF drainage is effective
in preventdng SC1,
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While not demonstrated in this study, TEVAR has
generally been shown to decrease the incldence of
renal failure, =" respiratory fallure, ™ duration
of ICU""** and hospital stays,™® and mtes of
reoperation.” However, with endovascular inter-
ventions there is the added risk of endoleaks™ and
peripheral vascular complications. ™ with evidence
for increased oost.” " Interestingly, patients who
underwent TEVAR mported being significantly
maore depresed, and scored lower than a healthy
oohort on subjective physical and mental domain
soores, whereas the open repair group soored within
the normal range. ™ However, it must be noted that
endovascular interventions are preferable in suit-
able patients

The difficuly with such studies is that sicker
and more elderly patients are more likely to
recelve endovascular TAA repair,™ = ° thus skew-
ing outcomes. In fac, the present study demon-
strated that patlents undergoing endowvascular
repalr were on average 5 and 30 years older for
arch and descending aneurysm repairs, respec-
tively., However, a large meta-analysis (which
induded repairs of aortc truma, dissections, ul-
cers, amd intramural hemorthage) by Cheng
et al.™ and included 5,888 patients demaonstrated
that age did not impact outoomes when consid-
ering maortality, cerchrovascular acddents and
paraplega, Similarly, we found that although pa-
tents over the age of 75 years were more likely
to undergo endovascular interventions, there was
no difference in pedoperatdve mortality, lkely
because of appropriate patent selecton, and pre-
operafive  planning and assssment.  Howewver,
these patients were more likely to return to theater
within 24 hr, suffer endoleaks, hawve a higher
transfusion requirement, and have a longer hospi-
tal and ICU stay, despite no differences in baseline
comaorbidites. Although patients over 7% years had
larger arch ancurysms than those under 75, size of
aneurysm was found not to correlate with periop-
erative and postoperative outcome, These findings
suggest that whereas surgical repair of TAAs in
elderly patients is likely to carry a low burden of
mortality, these patients are at increased risk of
postoperative oomplications,

Limitatons

The key limitations of this study are its retmospec-
tive nature and its small sample sizes, Sample size
is notably an issue for endovascular treatment of
arch and descending aneuryams, notahly as LCU
stay appears to be (nonsignificanty) greater for
endovascular than open repairs. In addition, as
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the endovascular group indudes patients who un-
derwent hybdd procedures, thelr duratdon of stay
and complication rate were not Hkely o differ
from open pepairs. As such, a more accum@te com-
padson of endovascular and open repairs would
contrast open and pure endowascular repairs,
with no open procedures. Because of the relative
rarity of thorade aneurysms, sample sizes remain
small, and studies ar universally metmspective.
As a result, it s difficult to make conchidve ded-
sloms  regarding optimal  surgical management
from such studies. In fact. a 2009 Cochrane review
has called for randomized controlled tdals on TAA
repalrs to definitvely address the endovascular

VeSS open query.”

Conclosions

In concdusion, surgical repair of TAAs in carefully
selecod patents in Australia is assodated with min-
imal morality but considerable morbidity. Apart
from a reduced sumgical dumation, the present study
revealed no benefits of endovascularover open TAA
repair, with economic factors possibly drving the
increasing  proportion of descending  endografis
seen, Owerall endovascular repalr contnues to
peform well, espedally in high-rik and elderly pa-
tients, and should be oonddered intervention of
cholce in suitable patients. Elderly patients are at
increased risk of complications, but appropriate pa-
tient selectiom and precoperative planning make
TAA repalr a valld option in increasingly elderly
and frail patients
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Conclusion

Thoracic and thoracoabdominal aneurysms continue to carry a significant burden of disease,
and while medical management is appropriate for patients with smaller aneurysms, surgical
intervention is indicated for patients with aortic diameters of greater than 5 - 5.5
centimetres. Once the mainstay of definitive treatment, open surgical management has long
been associated with significant morbidity and mortality given the extent and location of the
pathology. Endovascular repair is accepted as the optimal method of management for
many vascular diseases, but clinical equipoise remains in thoracic and thoracoabdominal
aneurysm repairs, due to a lack of evidence. It is possible that this is analogous to
endovascular versus open repairs of abdominal aortic aneurysms, where the first trials
(notably the landmark EVAR-1 trial*®), suggested that equipoise persisted, although
subsequent studies have demonstrated that endovascular AAA repair is the gold standard,
for both ruptured and intact AAAs3°1, As such, it is possible that the relatively young
technology of endovascular thoracic aneurysm repair is merely awaiting sufficient evidence

before its use can be considered to be either superior or inferior to open repair.

In attempting to contribute to the current body of knowledge, this two-centre study
demonstrated that although endovascular repairs markedly reduced surgical duration, no
other benefits in morbidity or mortality were seen. This agrees with the current literature
suggesting that while there may be a mild short-term benefit (if any), this is quickly lost.
Current thinking in abdominal aortic aneurysm repairs is that open repair may be the

optimal method of surgical management in young, low risk patients, given the reduced need
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for re-intervention in the long term>2. Similarly, while endovascular repairs demonstrate
some mild short-term benefits such as that seen in the current study, this may be offset by
long-term endograft complications such as endoleaks and graft migration, and open surgery
may remain the mainstay of treatment in low risk patients. In addition, with open repairs
being less costly in the long term, this may be the more viable financial option. However,
hybrid and debranching procedures added minimal morbidity and had no impact on

mortality, suggesting these are likely to play an increasing role.

A comparatively low mortality rate was observed across all repairs, both open and
endovascular, suggesting TAA repair is a relatively safe procedure despite patients being
highly comorbid. This is likely due to both improvements in technique and technology, as
well as careful patient selection, with conservatively-managed patients over a decade older
on average. There is also likely a selection bias which cannot be understated. Planning of a
thoracic aneurysm repair, whether open or endovascular, is a complex process, and patients
are rarely suitable for both (due to patient comorbidity, or aneurysm morphology). As such,
it is difficult to compare open and endovascular TAA repairs head-to-head, as in the clinical
setting it is not simply a case of “either-or”. Given the complex nature of the pathology, it is
likely that endovascular management will continue to be chosen in patients with amenable

aortic anatomy, given the possible reduction in short term risk.
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As has been observed in the United States®, we demonstrated a trend for increasing
endovascular repair of descending TAAs in Australia, although there was no change in
morbidity nor mortality over the study period. Further, the rate of paraplegia post
endografting was comparable to similar studies despite a low rate of cerebrospinal fluid
drainage, demonstrating that the role of CSF drainage in endovascular TAA repairs remains

unclear.

Elderly patients were noted to be at increased risk of complications, have a higher
transfusion requirement and length of hospital stay than younger patients. However,
appropriate patient selection and preoperative planning make both open and endovascular
repair a valid option in increasingly elderly patients, with endovascular repair performing

well in these high-risk patients.

In order to definitively establish the comparative efficacy of endovascular and open repairs
of thoracic aortic aneurysms, large randomised controlled trials are needed. These should
be conducted with a method similar to the landmark DREAM trial that compared
endovascular and open repair of abdominal aortic aneurysms*, and a similar protocol for
long term follow up. However, as discussed above, the complex nature of thoracic and
thoracoabdominal aneurysms make head-to-head comparisons difficult, as randomisation
would have to be carefully considered given aneurysm morphologies. Further, given the
relative scarcity of thoracoabdominal aneurysms, it would be difficult to generate significant

numbers for such a study.
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In summary, this study demonstrated low mortality in both endovascular and open thoracic
aneurysm repair, but with considerable morbidity. As there was no difference seen between
open and endovascular approaches, either option is suitable in appropriately selected
patients. However, further studies are needed to elucidate the optimal management of

thoracoabdominal aneurysms.
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Appendix 4: Additional Figure

Figure A1 — Percentage of patients undergoing endovascular arch aneurysm repair per year

over the study period. R =0.19, p = 0.89
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