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ARTICLE HIGHLIGHTS

Type of Research: Single centre, retrospective cohort study

Key Findings: Among 430 patients that underwent open repair30uday mortality in
elective surgery was 3.1% after DTA repair and 98%ér TAAA repair. Predictors of
in-hospital mortality were age70, extent Il repair, non-elective surgery, outiofirs
surgery, left ventricular ejection fraction <30%dasurgery for degenerative aneurysm.
Take Home Message: Our study shows that outcomes in thoracoabdomuoralkca
surgery improves with experience, although extéabaotic replacement and

advanced age, among other factors, predict mortalit
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Table of Contents Summary

Age>70, extent Il repair, non-elective surgery, outiofirs surgery, left ventricular
ejection fraction of <30% and surgery for degeneeaineurysm were predictors of in-hospital
mortality in this single centre retrospective cdlstudy of 430 patients from United Kingdom.
The study suggests that understanding these sdksdamental for patient selection and the

consent process of potential candidates for sungarycularly in the elderly
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Abstract

Objective:To report outcome and identify predictors of matyahfter open descending thoracic
aneurysm (DTA) and thoracoabdominal aortic aneurff&AA) repair in a specialist aortic

centre.

Methods: This was a retrospective observationabdadtudy. Consecutive patients who
underwent surgery at our institution between Oatdl®®8 and December 2019 were included.
The main outcome measures were mortality and nmagobidity. Multivariate analysis was used

to identify predictors of mortality.

Results430 patients underwent DTA (n=157) and TAA (n=2i&}air; 151 underwent surgery
non-electively. Forty-eight (11.6%) died within 88ys of surgery. Thirty-day mortality was
lower after elective surgery (3.1% after DTA repad 9.9% after TAAA repair), whereas non-
elective surgery carried a 30-day mortality of 8.%ourteen additional patients died in
hospital after 30 days, one after non-elective D&pair and 13 after TAAA repair (10 elective),
all but one extent Il. In-hospital mortality foretlwhole cohort improved over time, as the
activity volume increased, except for patients ugdmg extent Il TAAA repair. Predictors of
in-hospital mortality were: age70 (OR 3.36; 95%CI1=1.79-6.32, P<0.001); extenefair (OR
4.39; 95%CI=2.34-8.21), P<0.001); non-elective stydOR 2.72; 95%Cl=1.44, 5.12),
P=0.002); out-of-hours surgery (OR 8.17; 95%CI=20805), P=0.002), left ventricular
ejection fraction <30% (OR 9.86; 95%CI=1.91-50.B80.006) and surgery for degenerative
aneurysm (OR=2.20; 95%CI=1.12-4.31, P=0.02).Thelerce of stroke and paraplegia was
7.1% and zero after DTA repair; 9.9% and 3.3% aieAA repair. Haemodialysis was

necessary in 5.1% of cases after DTA repair and%aafter TAAA repair.
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Conclusion: Open thoracoabdominal aortic surgery carries dant risk to life, which is
related to age, extent of aortic replacement, tipuhsurgery and left ventricular function.
Morbidity is considerable. Understanding thesesiskiundamental for patient selection and the

consent process of potential candidates for sungarycularly in the elderly.

Introduction

Surgery on the thoracoabdominal aorta remainsmif@able undertaking, whether through an
open, endovascular or hybrid approdéin the United Kingdom, open surgery is performed in
specialized and high volume centres with a largeggaphical service cov@At present, there

is no official guidance or service specificatiom é@ntres performing this type of surgery hence
service provision and outcomes have been variableer the last two decades, our unit has
developed into a national referral centre for camgathology of the aorta, resulting in the
provision of increasingly high volume, multidisdipdry care for patients with thoracic and
thoracoabdominal aortic disease. This care incloges and endovascular repair of descending
thoracic aneurysms (DTA) and thoracoabdominal aysens (TAAA). The aim of this study was
to review and report the outcome of patients wheehandergone open DTA and TAAA repair

in our centre, and to identify predictors of matyal

Materials and M ethods

We performed a retrospective observational reviEauo practice between October 1998 and

December 2019 during which comprehensive recorids. ek this period, data for all
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interventions performed in our centre has systerallyibeen reported to the National Outcomes
for Cardiovascular Outcomes Research (NICOR) ametl@atronic records have been designed
to collect relevant data on all patients underg@adgic surgery. This study was registered in our
institution as a service review, therefore ethaggbroval and informed consent were not deemed
necessary. All patients undergoing open DTA or TA%fair during this period were included.
Interventions on the DTA through sternotomy inchglresection of proximal aorta and arch
repairs with frozen elephant trunks, and all endoutar or hybrid interventions were excluded.
Data was extracted from our database and includewdraphics, comorbidity, anatomical and
pathological features of aneurysms, morbidity amdtatity (at 30 days, in-hospital and during
follow-up). The primary outcome measures of thelgtwere 30-day and in-hospital mortality.
Secondary outcome measures were the incidenceaugdlogical morbidity (stroke and
paraplegia), the incidence of post-operative réaihlre requiring haemodialysis and late
survival. Other outcomes taken into consideratiat r@ported are mortality by aortic pathology
and extend of repaired pathologies (DTA vs TAAA)tbrs contributing to mortality rates such
as age, left ventricular ejection fraction of <30%gency of the surgery and timing of operating

intervention.

Statistical analysis

Proportions were described with absolute numbeidgpancentages, and compared with the chi
squared test, with a continuity correction for 2 tables, or the Fisher’s Exact test, where cell
counts were low. Continuous variables were desgntiéh median and interquartile range
(IQR), and univariate comparisons were performet thie Mann-Whitney U test. Survival
curves were compared with the log-rank test. Lagreigression with backward elimination of

unrelated factors was performed to identify indejggrt predictors of in-hospital mortality. Co-
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variates entered in this model were those withtang@l association with mortality on univariate
analysis (P <.05). Data was analysed with SASie18.4 (SAS Institute, Cary, North Carolina,

USA).

Service arrangements and patient selection

Liverpool Cardiovascular Surgery consists of twgananits in our city, which are based
at the Liverpool Heart and Chest Hospital (LHCHgl &nverpool University Hospitals
Foundation Trust (LUHFT). LUHFT is part of the Liy®ol Vascular & Endovascular Service
(LIVES), which provides secondary vascular service€heshire and Merseyside. Open
thoracoabdominal aortic surgery is performed at EHfy surgeons with a special interest in
aortic disease. The service has been in existemas/ér two decades and its practice has

evolved during this period. Patients follow diffetg@athways dependent on their presentation.

1) Elective patient pathway

Patients are referred from either the local cataitraeea (North West of England, Isle of Man

and North Wales) or from other units in the Unikédgdom. Where appropriate, they are

evaluated in a sub-specialised aortic clinic, peasia one-stop shop, for surgical and anaesthetic

assessment, after appropriate investigations.aktiates for intervention are referred for
discussion to the multi-disciplinary team (MDT), isn includes cardiac and vascular surgeons,
interventional and imaging radiologists, adult &ooihgenital” cardiologists, clinical geneticists,
anaesthetists and a physician with a special istt@mevasculitides. The MDT recommends open
surgery, endovascular intervention (including caamdranched and fenestrated repair, were
appropriate) or best medical therapy, accordingatbology, aortic anatomy, patient fitness and

patient preference.
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2) Non-elective patient pathway

All referrals enter the “Liverpool Acute Networkrf@horaco-abdominal Aortic Services”
(LANTAS) pathway and are discussed witlanhhoc cross-site “virtual MDTSs”, which is able to
offer both open, endovascular intervention, and beslical therapy; the default for most
patients requiring interventional treatment of acabrtic disease is endovascular repair
(TEVAR), where technically possible. Open surgearprieferred in certain cases, particularly in
young patients with connective tissue disorderganghen aortic anatomy is unsuitable for
TEVAR. Interventions on non-elective patients jreferentially scheduled on planned,
daytime, weekday surgical lists, staffed by expergel members of the aortic team. Patients
presenting out of hours, who are relatively stdhierequire complex surgery, are admitted to
critical care for rapid assessment, optimisatioth @nsent. Occasionally, patients require out of
hours surgery due to haemodynamic instability eivaror because they become unstable

during the evaluation process.

3) Patient assessment

Patients undergo a typical and basic medical asssgsncluding investigations such as
electrocardiography, blood tests and pulmonarytfandests. Special investigations include CT
angiography of the whole aorta, echocardiograpluy émequired, coronary angiography (by CT
and/or coronary catheterisation) and cardiac stestgg (usually dobutamine stress
echocardiography or functional MRI). Where appraf&; we perform dementia and frailty
assessment: all patients have a Rockwood scorefand, an Edmonton frailty score. Patients

suspected of dementia undergo formal delirium assest according to local protocols. On the
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basis of this assessment, suitability for (and o§ksurgery is confirmed by a senior anaesthetist,

in consultation with the surgical team, prior tonfal consent.

Surgical technique

Surgical technique has evolved during the studiodethe following description thus applies to
our current approach. Typically, all but the siegtlrepairs are performed by two experienced
aortic surgeons and a consultant anaesthetistamithterest in aortic surgery under general
anaesthesia, with double-lumen endotracheal tabasive arterial pressure monitoring at
multiple sites, trans-oesophageal echocardiographyging, spinal drainage, motor evoked
potentials and near infrared spectroscopy monigooinbilateral cerebral perfusion. Patients are
positioned on their right flank, with the pelvicaeed in an open position. The surgical incision
depends on the extent of the repair; for an extérdAA repair, it consists of a thoraco-
laparotomy through the sixth intercostal spaceinoet along the lateral edge of the left rectus
abdominis muscle. A short segment of rib is exciasteriorly, and the diaphragm is incised
circumferentially, to preserve innervation. Thetabsnargin is transected. The abdominal aorta
is exposed retro-peritoneally, whenever possibte majority of repairs are performed on left
heart bypass, with a venous cannula in the infgnidmonary vein and an arterial cannula at a
suitable distal access site, and multiple visdarak for selective perfusion of the viscera (warm
blood for coeliac and mesenteric arteries, coladlmr renal arteries). In these cases, two cell
salvage machines and a rapid infuser are usedfome replacement intra-operatively. A
minority of repairs are performed on cardiopulmgriaypass with or without deep hypothermic

circulatory arrest, in which case cardiotomy suskaee also used to recover blood from the
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surgical field. Anticoagulation is monitored into@eratively, with target activated clotting time
depending on the type of circulatory support usetithe presence of a reservoir. When
extensive aortic replacement is needed, whene\ssilde, sequential clamping and selective re-
implantation of key intercostal arteries are ugdt repair is often performed beginning distally,
in the abdominal aorta, with infra-renal cross-gbémg and without circulatory support; then left
heart bypass is commenced via a side-arm of thenaipdl graft and the repair is extended
proximally. Visceral arteries are generally re-ianed via separate grafts rather than as a single
patch. Disappearance of motor-evoked potentialsxguihe repair prompts an increase in distal
perfusion pressure and/or immediate reimplantadideey intercostal arteries (which is
otherwise the last step of the repair). Post-opaigt all patients are managed in critical care
according to pre-specified protocols to ensurenagitihaemodyamic support and spinal cord
perfusion. All patients undergo clinical follow ap six weeks post-discharge, and yearly
thereafter (life-long), with yearly cross-sectiomahging of the aorta. Additional clinical follow-

up visits and/or aortic imaging are performed ifénfclinically indicated.

Results

A total of 430 patients underwent open DTA (n=1867TAAA repair (n=273) during the study
period. Of these, 279 were operated electivelylsidon a non-elective basis, although all but
12 of the non-elective operations were performeatiiwiworking hours. Median (IQR) age was
62 (47- 71) years for DTA repairs and 64 (53- 7darg for TAAA repairs. Some 154 (34%)
were women, 32% in the DTA repair group and 38%enTAAA repair group. Fifty patients

had a proven connective tissue disorder at the dimepair. Most patients had degenerative
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(n=225) or chronic dissecting (n=113) aneurysmsol8ng habits and comorbid conditions are
shown in Table 1: notably, only eight patients hddft ventricular ejection fraction <30% or an

eGFR <30 mL/min/1.73fM

Forty-eight patients (11.6%) died within 30 daysofgery. Thirty-day mortality was lower after
elective surgery (3.1% after DTA repair and 9.9%raf AAA repair), whereas non-elective
surgery carried a 30-day mortality of 17.9% (supyatary table 1). An additional 14 patients
died in hospital but after 30 days, one after niecteve DTA repair and 13 after TAAA repair
(10 elective), all but one extent Il. Further asadyof this sub-group demonstrated a significant
effect of age on mortality (figure 1). In-hospitabrtality for the whole cohort improved over
time, as the activity volume increased. This imgment, however, was not evident in patients

undergoing extent Il TAAA repair (figure 2b).

On univariate analysis, factors associated withaspital mortality were: Age 70, extent Il

TAAA repair, non-elective surgery, surgery outsigdarking hours, degenerative aetiology
(supplementary table 2A). Patients with connedis®ue disorders, who largely had surgery for
chronic dissection, had a low in-hospital morta{itys50; 2%). Other comorbidities, use of
cardiopulmonary bypass, gender and previous agutigery were not associated with in-hospital
mortality. In-hospital mortality by aneurysm aetigy is reported in supplementary table 2B. On
multivariate analysis, independent variables asgediwith in-hospital mortality were ag@0
years, extent Il TAAA repair, non-elective surgesyrgery for degenerative aneurysm, out of
hours surgery and left ventricular ejection fractB80% (Table 2). Cause of death was recorded
in 42 cases, with multiple organ failure being toenmonest (n=24). Of the 14 patients who died
after 30 days, seven were on haemodialysis, fodishéered a stroke, two had paraplegia and

two paraparesis (a patient with paraparesis wasaaemodialysis). Whilst mortality



10

11

12

13

14

15

16

17

18

19

20

21

12

decreased during the study period, the age of atignds remained constant, whereas the
proportion of patients undergoing extent Il repairied significantly, with a peak of almost 50%
in 2011/13 (supplementary figures 1-3). Figure @wshthe 10-year survival curves in the
elective and non-elective cohorts undergoing DTiguffe 3a) and TAAA (figure 3b) surgery

respectively.

Post-operative complications are reported in t8blgaraplegia was lowest after elective DTA
repair and highest after non-elective TAAA repaihereas the incidence of stroke was highest
after extent Il and 11l TAAA repair. A sub-group @gsis of morbidity and mortality after
elective TAAA repair is reported in supplementalle 3. Median (IQR) critical care stay was 7
(4-19) days; 7 (4-21) days after elective surgeny & (4-17) days after non-elective surgery.
Median hospital stay ranged from 17 days for eleddTA repairs to 26 days for non-elective

TAAA repairs (supplementary table 4).

Discussion

We reported the largest single centre series odenutive patients undergoing open DTA and
TAAA repair in the United Kingdom, with 30-day ete@ and in-hospital mortality of 7.5% and
11.1% (3% and 3% after DTA repair and 9.9% and%bafiter TAAA repair) irrespective of
pathology or patient factors. Neurological and teoanplications were relatively common,
especially after TAAA repair. Age, poor left veruilar function, extent of aortic replacement,
surgery for degenerative aneurysm and non-elestivgery were strong predictors of in-hospital

mortality. In particular, patients aged 70 yearslder undergoing extent Il TAAA repair had a
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poor outcome. Ten-year survival was >50% and dicappear to be related to extent of aortic

replacement or timing of surgery.

The apparently paradoxical increase in open surdgryng the “endovascular era” reflects the
gradual increase in out-of-area referrals. Whilst¢ have been no commissioning changes in
the United Kingdom with regards to thoracoabdomamtic surgery, professional societies have
long recognized that the complexity of DTA and TAAdpair requires centralization.
Consequently, most British “low volume” surgeons &wospitals have discontinued this type of
surgery, choosing, instead, to refer to speciahds. It is notable that our group has been
offering fenestrated endovascular aortic repaicesi2003" Indeed, the first operation of this type
in Britain was performed in Liverpool and brancteedlovascular aortic repair since 2005.
Further drivers of the increase in practice arelyiko include advances in operative and

perioperative management and increased detectithrordco-abdominal aortic pathologies.

Comparison with other series can be difficult, @s,aneurysm aetiology, timing of surgery and
extent of aortic replacement vary among centres.liférature is dominated by a small group of
North American aortic centres, with two Houstonugye reporting the largest experiences.
Estrera et al. published the outcome of 1896 cansecpatients undergoing DTA or TAAA
repair (310 extent II) over 25 years, with a matyadf 15.9%, a need for post-operative
haemodialysis of 16.6% and an incidence of postaipe permanent neurological deficit of
7.1%° Coselli et al. reported the outcome of 3309 TAZfairs (1066 extent Il) performed over
a period of almost 30 years, with a 7.5% operatieetality (6.2% in elective cases) increasing
with age, a need for post-operative haemodialysis@% and an incidence of post-operative
permanent spinal cord deficit of 5.4%irardi et al. published the outcome of 783 contiee

patients undergoing DTA or TAAA repair (108 exténtover 20 years, with a mortality of
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5.6%, a need for post-operative haemodialysis2#%5and an incidence of post-operative spinal
cord deficit of 2.698. These teams present impressive outcomes withibS#eprivate health
care system: no other centre, outside the UnitatéS§tperforms such volumes of work,
therefore their results may not be reproducibletiver settings. In the United Kingdom, practice
in individual centres is very limitetf with little published data. Such data include stdrical

case series from St. Mary’s hospital in London,alhin 1995, reported the outcome of 110
TAAA repairs (mostly extent 1V) treated over a 1€ay period, with mortality ranging from 15%
after extent IV repairs to 42% after extent Il rieffd3% overall after elective surger{f)More
recently, the Edinburgh group reported one deadr &8 suprarenal and extent IV TAAA
repairst* The same team published the outcome of 37 TAAAiregmostly extent IV)
performed over a period of 13 years in patientslagi® years, with a mortality of 6%.In

wider Europe, the largest case series are fromlétkeerlands: some 542 patients underwent
TAAA repair (285 extent Il) in Nieuwegein over a-28ar period, with an in-hospital mortality
of 10.9% and an incidence of permanent spinal negiaal deficit of 5.9%; haemodialysis was
needed in 23 cases orifyin all the publications mentioned above, age astere of aortic
replacement (extent Il repair in particular) wessaciated with poorer outcome. Elective extent
Il TAAA surgery accounted for the majority of TAAgatients in our series (60%) and, in
accordance to the literature, carried the high@ste&8/ and in-hospital mortality. Death was
particularly common in elderly patients (aged 7@ awer), with an in-hospital mortality of 50%
in this group (9.6% in younger patient), indicatipgrhaps, the need for better patient selection
of septuagenarians in our practice. Interestingtye was little difference between in-hospital
and 30 day mortality in all but th&’0 year old group suggesting that many such patimaty

not have the physiological reserve to cope withomppst-operative complications (all patients
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dying after day 30 suffered major renal or neurmalgmorbidity). Clearly the most rigorous
assessment is required in elderly patients requekient Il TAAA repair. It is also important to
highlight that our data shows a clear improvemémhartality outcomes in the entire group over
time, as activity increased, except for extentalignts, the group dominated by the
septuagenarian deaths. The implication of thisifigds that patient co-morbidities and poor
resilience, rather than team experience, may bevbgiding factor in determining outcome in
the elderly. It may thus appear that organisatioseovices and centralisation with a view to
concentrating volume may be the key to good outsoméhoracoabdominal aortic surgery, but
that strict patient selection is still needed ie #giderly requiring extensive aortic replacement. |
is also notable that all patients who died afted&@s had suffered major renal and/or
neurological complications, and that the need éoiat replacement therapy in our series was
high, compared to other studie$despite the low prevalence of severe pre-operatival
impairment. It is thus possible that improved preian of these complications, renal failure in

particular, may result in decreased mortality.

Our series of non-elective patients included a priogn of ruptured aneurysms but also a range
of pathologies including mycotic processes, infédients, acute dissections, penetrating
atherosclerotic ulcers, intramural haematomatapseddo-aneurysms. The in-hospital mortality
for this very heterogeneous group of patients Wa3% after DTA repair and 23.9% after
TAAA repair. These results compare well to thosa ofcent systematic review, which reported
a mortality of 33.4% independently of the type aftlogy and 47.7% in ruptured aneurysms.
We prefer to operate on non-elective patients wittrking hours, when appropriate expertise
is available. Our approach to non-elective patients shepherd them into a sub-acute or

chronic state over days or weeks to optimise ttigircal condition prior to working hours
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intervention. This may entail, in some cases, disgh prior to elective surgery. Patients with
haemodynamic instability, malperfusion, traumatipture are operated on at the time of
presentation regardless of time of the day. Oua dabwed a mortality of 34.8% for DTA repair
and 39.1% for TAAA repair when surgery could noitvead was performed outside of normal
working hours. It is unclear whether this higheartality, which is almost certainly related to
the physiological status of the patients at theetohsurgery, may also be influenced by not
having the full team involved in surgery. The tigiof open surgical intervention in patients
with acute aortic syndromes has not been explaorditerature, thus our work may provide some

insight in the matter. Notably, none of our patsedied awaiting staged or delayed intervention.

Our study has significant limitations. In partiayld is unclear if our results could be generalise
to other units that perform open surgery on theab@abdominal aorta, and whose case-mix
may significantly differ from ours. The retrosp&etinature of the study is also a limitation.
Whilst this is mitigated by the quality of the dataurce (a detailed, prospectively maintained
electronic database), it is limited by its scopeavailable fields and its completeness, which
preclude a more granular analysis of patients’@ug There are however, in our opinion, some
messages that may be generalisable to other ceAtess a highly significant independent risk
factor for mortality outcome. When the whole tlemaabdominal aorta must be replaced,
mortality becomes almost prohibitive in septuagema:. Surgery is probably best performed by
an experienced team within working hours. The as&ociated with open surgery on the
thoraco-abdominal, the associated high demand spitiabresources and the low frequency at
which open procedures are performed strongly sugigesur opinion, that the management of
DTA and TAAA should be centralised in very few desdied units, where relevant multi-

disciplinary expertise is readily available, andenghopen, endovascular and hybrid techniques
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can be offered to patients as deemed appropriated@a suggest an inverse relationship
between overall volume and mortality outcomes ajpam extent Il TAAA repair in
septuagenarians. Septuagenarians require rigossesament and consent, particularly in the
elective setting. Considering present mortality eratbidity of extent Il aortic replacement,
more insight on life expectancy and quality of lifiepatients with type 1l TAAAS treated
conservatively may also be beneficial. Nationalpezxtive registries could provide invaluable

information on outcomes and help define indicatiand contraindications for surgery.

Conclusion

Open thoracoabdominal aortic surgery is performéagquently, carries significant risk to life
and of serious life changing morbidity, and utidisggnificant hospital resources. Understanding

risks helps guide doctors and patients in theirgggand in the consent process.
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Table 1. Comorbidity and smoking habits

DTA repair TAAA repair
(n =157) (n =273)
Body mass index (kg/m?) 26.7 (24.3, 30.7) 26.1(22.8, 29.4)
Unstable angina 2 (1.3) 1(0.4)
NYHA class 2 IIl 21 (13.4) 24 (8.8)
Current smoker 24 (15.3) 53 (19.4)
Diabetes 8(5.1) 16 (5.9)
Hypercholesterolaemia 71 (45.2) 121 (44.3)
Hypertension 98 (62.4) 159 (58.2)
Previous stroke 13 (8.3) 22 (8.1)
Respiratory disease 25 (15.9) 42 (15.4)
On respiratory medications 11 (7.0) 20(7.3)
FEV1 % predicted 78.6 (66.5, 97.1) 78.2 (64.3, 89.7)
Peripheral artery disease 54 (34.4) 91 (33.3)
eGFR (continuous) 81 (68, 107) 84 (67, 110)
eGFR 290 60 (38.2) 120 (44.0)
eGFR 60-89 78 (49.7) 110 (40.3)
eGFR 30-59 16 (10.2) 38 (13.9)
eGFR 15-29 2(1.3) 3(1.1)
eGFR <15 1(0.6) 2 (0.7)
Left ventricular ejection fraction 30 - 50% 16 (10.2) 15 (5.5)
Left ventricular ejection fraction <30% 1(0.6) 7 (2.6)
Non-elective presentation 59 (37.6) 92 (33.7)
Previous aortic surgery operation 55 (35.0) 87 (31.9)
Previous DTA operation 13 (8.3) 11 (4.0)
Previous TAAA operation 4 (2.6) 15 (5.5)
Previous TEVAR operation 5(3.2) 10 (3.7)

Continuous variables are expressed as median (IQR). Categorical variables are expressed as absolute
numbers (%).

NYHA: New York Heart Association; FEV: forced expiratory volume; eGFR: estimate glomerular
filtration rate; DTA: descending thoracic aneurysm; TAAA: thoracoabdominal aortic aneurysm.



Table 2. Predictors of in-hospital mortality

OR (95% Cl)

P value

Age 270 years

Left ventricular ejection fraction <30%
TAAA Il surgery

Out of hours operation

Non-elective operation

Degenerative aneurysm pathology

3.36 (1.79, 6.32)
9.86 (1.91, 50.86)
4.39 (2.34, 8.21)
8.17 (2.16, 30.95)
2.72 (1.44, 5.12)
2.20(1.12, 4.31)

<0.001
0.006

<0.001
0.002
0.002
0.02

TAAA: thoracoabdominal aortic aneurysm.



Table 3. Post-operative complications

All repairs

Elective repairs

Non-elective repairs

All

DTA TAAA All DTA TAAA All DTA TAAA
(n=430) (n =157) (n =273) (n =279) (n =98) (n =181) (n=151) (n =59) (n=92)
Stroke 32(7.4) 9(5.7) 23 (8.4) 25 (9.0) 7(7.1) 18(9.9) 7 (4.6) 2(3.4) 5(5.4)
Paraplegia 13 (3.0) 0 13 (4.8) 6(2.2) 0(0) 6(3.3) 7 (4.6) 0 7(7.6)
Paraparesis 13(3.0) 1(0.6) 12 (4.4) 10 (3.6) 1(1.0) 9(5.0) 3(2.0) 0 3(3.3)
Return to theatre 33(7.7) 10 (6.4) 23 (8.4) 24 (8.6) 8(8.2) 16 (8.8) 9 (6.0) 2(3.4) 7(7.6)
Return to theatre for bleeding/tamponade 19 (4.4) 7 (4.5) 12 (4.4) 16 (5.7) 6(6.1) 10 (5.5) 3(2.0) 1(1.7) 2(2.2)
Acute renal failure 91 (21.2) 13(8.3) 78 (28.6) 65 (23.3) 10 (10.2) 55 (30.4) 26 (17.2) 3(5.1) 23(25.0)
New renal failure requiring dialysis 66 (15.4) 7 (4.5) 59 (21.6) 46 (16.5) 5(5.1) 41 (22.7) 20 (13.3) 2(3.4) 18 (19.6)
Post-op creatinine > 200 mmol/L 25(5.8) 6(3.8) 19 (7.0) 19 (6.8) 5(5.1) 14 (7.7) 6(4.0) 1(1.7) 5(5.4)
Intubation time (hours) 22 (12,81) 17 (11, 43) 27 (16, 90) 24 (14, 92) 19 (11, 75) 28(17,99) 19 (12, 56) 15 (11, 29) 24 (16, 77)
Prolonged ventilation (> 48h) 84 (19.5) 27 (17.2) 57 (20.9) 60 (21.5) 20 (20.4) 40(22.1) 24 (15.9) 7 (11.9) 17 (18.5)
Re-intubation 66 (15.4) 20(12.7) 46 (16.9) 49 (17.6) 16 (16.3) 33(18.2) 17 (11.3) 4(6.8) 13 (14.1)
Tracheostomy 71 (16.5) 20(12.7) 51(18.7) 44 (15.8) 11(11.2) 33(18.2) 27 (17.9) 9(15.3) 18 (19.6)
Percutaneous tracheostomy 47 (10.9) 14 (8.9) 33(12.1) 31(11.1) 9(9.2) 22 (12.2) 16 (10.6) 5(8.5) 11 (12.0)
Mini tracheostomy 21(4.9) 8(5.1) 13 (4.8) 13 (4.7) 4(4.1) 9(5.0) 8(5.3) 4(6.8) 4(4.4)
Standard tracheostomy 10 (2.3) 2(1.3) 8(2.9) 5(1.8) 1(1.0) 4(2.2) 5(3.3) 1(1.7) 4(4.4)
Critical care stay (days) 7 (4, 19) 5(3,12) 9 (4, 22) 7 (4,21) 5(3, 10) 9(5,23) 8(4,17) 6(3,12) 8 (4, 20)

Continuous variables are expressed as median (IQR). Categorical variables are expressed as absolute numbers (%).

DTA: descending thoracic aneurysm; TAAA: thoracoabdominal aortic aneurysm.
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Figure legends
Figure 1 — Mortality after extent Il Thoracoabdominal aortic aneurysm repair by age
Figure 2 — Relationship between operative volumenihospital mortality and time
a. Whole cohort
b. Extent |l Thoracoabdominal aortic aneurysm repair
Figure 3 — 10-year survival stratified by priority
a. Descending thoracic aneurysm repair

b. Thoracoabdominal aortic aneurysm repair

Supplementary figure 1 — Patient age during the stly period

Supplementary figure 2 - Estimated probability of n-hospital mortality during the
study period

Supplementary figure 3 — Proportion of patients un@rgoing extent Il repair during the
study period

Supplementary tables
Supplementary table 1:Mortality by type and timing of surgery

Supplementary table 2.Factors associated with in-hospital mortality on univariate analysis
(A) and In-hospital mortality by aneurysm aetiology (B)

Supplementary table 3:0utcome after elective TAAA repair

Supplementary table 4:Hospital stay by type of surgery and timing
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Supplementary table 1: Mortality by type and timing of surgery

In-hospital 30-day

mortality mortality

Al 430 62 (14.4) 48 (11.6)
Elective cases 279 31(11.1) 21 (7.5)
Non-elective cases 151 31(20.5) 27 (17.9)
TAAA 273 50 (18.3) 37 (13.6)
Elective cases 181 28 (15.5) 18 (9.9)
Non-elective cases 92 22 (23.9) 19 (20.7)
DTA 157 12 (7.6) 11 (7.0)
Elective cases 98 3(3.1) 3(3.1)
Non-elective cases 59 9 (15.3) 8(13.6)

Values are absolute numbers (%).

DTA: descending thoracic aneurysm; TAAA: thoracoabdominal aortic aneurysm.



Supplementary table 2. Factors associated with in-hospital mortality on univariate analysis (A) and
In-hospital mortality by aneurysm aetiology (B)

A - o -
Factors associated with in-hospital Discharged alive Died in-hospital

mortality on univariate analysis P
(n=368) (n=62)

DTA repair 145 (39.4) 12 (19.4) 0.002
TAAA repair 223 (60.6) 50 (80.6)

Extent I-Ill-IV-V 127 (34.5) 10 (16.1) 0.004

Extent I| 107 (29.1) 36 (58.1) <0.001
Age at operation (years) 62 (48, 70) 71 (62, 73) <0.001

Age 2 70 years 93 (25.3) 32 (51.6) <0.001
Left ventricular ejection fraction <30% 4(1.1) 4 (6.5) 0.02
Non-elective operation 120 (32.6) 31 (50.0) 0.008
Out of hours operation 5(1.4) 7 (11.3) <0.001
Degenerative aneurysm 180 (48.9) 45 (72.6) <0.001
Chronic dissection 105 (28.5) 8(12.9) 0.01
B. In-hospital mortality by aneurysm
aetiology
Degenerative 180 (48.9) 45 (72.6) <0.001
Chronic dissection 105 (28.5) 8(12.9) 0.01
Ruptured 18 (4.9) 2(3.2) 0.75
Penetrating ulcer 13 (3.5) 0 (0) 0.38
Acute dissection 9(2.4) 2(3.2) 0.66
Mycotic 13 (2.5) 3(4.8) 0.71
Traumatic 7(1.9) 0 (0) 0.60
Intramural haematoma 3(0.8) 1(1.6) 0.46
Post-coarctation 6(1.6) 0 (0) 0.60
Other congenital 2 (0.5) 0 (0) >0.99
Pseudoaneurysm 6(1.6) 0 (0) 0.60
Other 6(1.6) 1(1.6) >0.99

DTA: descending thoracic aneurysm; TAAA: thoracoabdominal aortic aneurysm. Continuous
variables are expressed as median (IQR). Categorical variables are expressed as absolute numbers
(%).



Supplementary table 3 — Outcome after elective TAAA repair

TAAA | TAAA TAAA I TAAA IV TAAA YV
(n =35) (n =104) (n =28) (n=10) (n=4)
In-hospital mortality 1(2.9) 22 (21.2) 4 (14.3) 0 1(25.0)
Stroke 2 (5.7) 13 (12.5) 3 (10.7) 0 0
Paraplegia 1(2.9) 4 (3.9) 1(3.6) 0 0
Paraparesis 0 5 (4.8) 2(7.1) 0 2 (50.0)
Return to theatre 0 13 (12.5) 1(3.6) 1(10.0) 1(25.0)
Return to theatre for bleeding/tamponade 0 8(7.7) 1(3.6) 1(10.0) 0(0)
Acute renal failure 3(8.6) 36 (34.6) 12 (42.9) 1(10.0) 3(75.0)
New renal failure requiring dialysis 3 (8.6) 26 (25.0) 9(32.1) 1(10.0) 2 (50.0)
Postoperative creatinine >200 mmol/L 0 10 (9.6) 3(10.7) 0 1(25.0)
Intubation time (hours) 25 (16, 72) 39 (19, 216) 20(11,72) 48(17,85) 24 (7, 1000)
Prolonged ventilation (> 48h) 8(22.9) 24 (23.1) 5(17.9) 2 (20.0) 1(25.0)
Re-intubation 4(11.4) 21(20.2) 4(14.3) 2 (20.0) 2 (50.0)
Tracheostomy 4 (11.4) 21(20.2) 4 (14.3) 2 (20.0) 2 (50.0)
Percutaneous tracheostomy 3 (8.6) 13 (12.5) 4 (14.3) 1(10.0) 1(25.0)
Mini tracheostomy 1(2.9) 7 (6.7) 0 1(10.0) 0
Standard tracheostomy 0 2(1.9) 0 1(10.0) 1(25.0)
ITU stay (days) 6 (4, 19) 9 (5, 29) 9 (4, 22) 14 (7, 22) 12 (2, 33)
Post-operative stay (days) 15 (11, 29) 21 (13, 37) 18 (13,25) 21(18, 34) 30 (14, 46)

Continuous variables are expressed as median (IQR). Categorical variables are expressed as absolute

numbers (%). TAAA: thoracoabdominal aortic aneurysm.



Supplementary table 4: Hospital stay by type of surgery and timing

Pre- Post-
. . Total
n operative  operative
(days)
(days) (days)

All cases 430 1(1, 3) 17 (10,30) 20(13, 34)
Elective 279 1(1,1) 17(11,30) 19(12,32)
Non-elective 151 3(1,8) 15(9,29) 21(13,37)

TAAA repair 273 1(1,3) 18(11,34) 22(14,38)
Elective 181 1(1,2) 19(12,34) 21(14,35)
Non-elective 92 4(1,10) 18(10,36) 26(14,45)

DTA repair 157 1(1,2)  15(9,22) 17(10,25)
Elective 98 1(1,1) 16 (9,22) 17(10, 25)
Non-elective 59 2(1,4) 13(9,20) 17(11,25)

Values are medians (IQR).

DTA: descending thoracic aneurysm; TAAA: thoracoabdominal aortic aneurysm.
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