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Abstract: Background: Endovascular aneurysm repair (EVAR) is the most commonly used
method to repair abdominal aortic aneurysm. EVAR can be performed using a variety
of anaesthetic techniques including general anaesthetic (GA), regional anaesthetic
(RA) and local anaesthetic (LA) but little is known about the effect each of these
anaesthetic modes have on patient outcome. Methods: Data from the United Kingdom
National Vascular Registry were analysed. All patients undergoing elective, standard
infra-renal EVAR between 1st January 2014 and the 31st December 2016 were
included. Patients with a symptomatic aneurysm treated semi-electively were excluded.
The primary outcome was in-hospital death within 30-days of surgery. Secondary
outcomes included postoperative complications and length of hospital stay. Time-to-
event outcomes were compared using Cox Proportional Hazards regression adjusted
for confounders including British Aneurysm Repair score and chronic lung disease.
Results: A total of 9783 patients received an elective, standard infra-renal EVAR (GA
n=7069, RA n=2347 and LA n=367) across 89 hospitals. RA and/or LA was used in 82
hospitals. There were 64 in-hospital deaths within 30-days, 50 (0.9% mortality at 30-
days, 95% confidence interval [0.7%, 1.2%]) GA, 11 (0.6% [0.3%, 1.1%]) RA and 3
(1.5% [0.5%, 4.7%]) LA. The mortality was significantly lower in the RA group
compared to the GA group (adjusted hazard ratio RA/GA: 0.37 [0.17,0.81] (p=0.03);
LA/GA: 0.63 [0.15, 2.69]). Median length of stay was 2 days, but patients were
discharged from hospital more quickly in the RA and LA groups compared to the GA
(adjusted hazard ratio RA/GA: 1.10 [1.03, 1.17]; LA/GA: 1.15 [1.02, 1.29]). Pulmonary
complications occurred with similar frequency (overall 2.4%, adjusted odds ratio
RA/GA: 0.93 [0.66, 1.32]; LA/GA: 0.82 [0.41, 1.63]). Conclusion: 30-day mortality was
lower with RA compared to GA, but mode of anaesthesia was not associated with
increased complications for patients undergoing elective, standard infra-renal EVAR.
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2 Multiple Choice Questions and 5 possible answers (highlight
correct answer)

MULTIPLE CHOICE QUESTION FOR EJVES Elective EVAR Paper

Question A:
Please select the correct answer.

The current European Society for Vascular Surgery (ESVS) guidanee-guidelines on choice of mode of
anaesthesia for elective infra renal EVAR recommends.......

1. Local anaesthetic for elective EVAR.

2. Regional anaesthetic for elective EVAR

3. General anaesthetic for elective EVAR.

4. General anaesthetic for patients with chronic lung disease

5. Hospitals should use their local routine practice when choosing a mode of anaesthesia

Questions B:
Regarding choice of anaesthesia for elective EVAR, please select the correct answer.

1. There is strong evidence that using local anaesthesia reduces pulmonary complications post
elective EVAR.

2. Higher volume centres do a higher proportion of EVAR cases using local aesthetic.

3. There is equipoise in the published literature regarding the choice of mode anaesthesia for
elective EVAR and its effect on mortality and post-operative complications.

4. The mortality benefit of using local anaesthesia in a ruptured EVAR can be extrapolated to the
elective setting.

5. Patients treated with regional anaesthesia or local anaesthesia stay in hospital longer than those
treated with general anaesthesia.
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Regarding choice of anaesthesia for elective EVAR, please select the correct answer.

1. There is strong evidence that using local anaesthesia reduces pulmonary complications post
elective EVAR.

2. Higher volume centres do a higher proportion of EVAR cases using local aesthetic.

3. There is equipoise in the published literature regarding the choice of mode anaesthesia for
elective EVAR and its effect on mortality and post-operative complications.

4. The mortality benefit of using local anaesthesia in a ruptured EVAR can be extrapolated to the
elective setting.

5. Patients treated with regional anaesthesia or local anaesthesia stay in hospital longer than those
treated with general anaesthesia.



Manuscript with tracked changes Click here to view linked References %

1 The effect of mode of anaesthesia on outcomes after elective endovascular

N

repair of abdominal aortic aneurysm.

4 G Dovell*?, C A Rogers®, R Armstrong?, R A Harris?, R J Hinchliffel? and R Mouton*

5
6 1. Bristol Centre for Surgical Research, University of Bristol, UK.
7 2. Department of Vascular Surgery, Southmead Hospital, Bristol, UK
8 3. Clinical Trials and Evaluation Unit, Bristol Trials Centre, Bristol Medical School, University of
9 Bristol, UK.
10 4. Department of Anaesthesia, Southmead Hospital, Bristol, UK.
11

12  Correspondence to: Mr George Dovell Bristol Centre for Surgical Research, University of Bristol, UK
13 (e-mail: gd17321@bristol.ac.uk)

14  Twitter: @georgedovell

15

16  Submission Category: Original article

17

18 Short title: Mode of anaesthesia and outcomes elective EVAR
19

20

21

22

23

24

25

26

27

28

29


https://www.editorialmanager.com/ejves/viewRCResults.aspx?pdf=1&docID=21381&rev=5&fileID=756492&msid=0c42f731-4903-4c88-affb-83ea5fac5b2c
https://www.editorialmanager.com/ejves/viewRCResults.aspx?pdf=1&docID=21381&rev=5&fileID=756492&msid=0c42f731-4903-4c88-affb-83ea5fac5b2c

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

What does this study add to the existing literature and how will it influence future clinical

practice?

This study supports the previously observed mortality benefit of regional anaesthetic (RA) technique
for elective, standard infra-renal endovascular aneurysm repair (EVAR). Patients treated with_local

anaesthetic (LA) or-tA-and RA technigue were discharged from hospital sooner. The previously

observed reduction in pulmonary complications associated with LA technique in elective EVAR was
not reproduced in this cohort. This retrospective analysis of a contemporary national database
contributes to the evolving evidence base and clinical equipoise surrounding the choice of anaesthetic

technique for EVAR.
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ABSTRACT

Background:

Endovascular aneurysm repair (EVAR) is the most commonly used method to repair abdominal aortic
aneurysm. EVAR can be performed using a variety of anaesthetic techniques including general
anaesthetic (GA), regional anaesthetic (RA) and local anaesthetic (LA) but little is known about the
effect each of these anaesthetic modes have on patient outcome. The aim of this study was to assess

the effect of anaesthetic technique on early outcomes following elective EVAR.

Methods:

Data from the United Kingdom National Vascular Registry were analysed. All patients undergoing
elective, standard infra-renal EVAR between 15t January 2014 and the 31st December 2016 were
included. Patients with a symptomatic aneurysm treated semi-electively were excluded. The primary
outcome was in-hospital death within 30-days of surgery. Secondary outcomes included
postoperative complications and length of hospital stay. Time-to-event outcomes were compared
using Cox Proportional Hazards regression adjusted for confounders including British Aneurysm
Repair score (a validated aneurysm risk prediction score which is calculated using age, sex,
creatinine, cardiac disease, electrocardiogram, previous aortic surgery, white blood cell count, serum

sodium, abdominal aortic aneurysm diameter and ASA grade) and chronic lung disease.

Results:

A total of 9783 patients received an elective, standard infra-renal EVAR (GA n=7069, RA n=2347 and
LA n=367) across 89 hospitals. RA and/or LA was used in 82 hospitals. There were 64 in-hospital
deaths within 30-days, 50 (0.9% mortality at 30-days, 95% confidence interval [0.7%, 1.2%]) in the
GA group, 11 (0.6% [0.3%, 1.1%]) in the RA group and 3 (1.5% [0.5%, 4.7%)]) in the LA group. The
mortality rate differed between groups (p=0.03) and was significantly lower in the RA group compared
to the GA group (adjusted hazard ratio RA/GA: 0.37 [0.17,0.81]; LA/GA: 0.63 [0.15, 2.69]). The
median length of stay was 2 days for all modes of anaesthesia, but patients were discharged from
hospital more quickly in the RA and LA groups compared to the GA group (adjusted hazard ratio

RA/GA: 1.10[1.03, 1.17]; LA/GA: 1.15[1.02, 1.29]). Overall, 20.7% of patients experienced one or
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more complications (GA group: 22.1%; RA group: 16.8%, LA group: 17.7%) and pulmonary
complications occurred with similar frequency in the three groups (overall 2.4%, adjusted odds ratio

RA/GA: 0.93 [0.66, 1.32]; LA/GA: 0.82 [0.41, 1.63]).

Conclusion:

30-day mortality was lower with RA compared to GA, but mode of anaesthesia was not associated

with increased complications for patients undergoing elective, standard infra-renal EVAR.

Keywords: Elective Endovascular Aneurysm Repair, Anaesthesia, Abdominal Aortic Aneurysm
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INTRODUCTION

The majority of elective abdominal aortic aneurysm (AAA) repairs are now performed using the
endovascular aneurysm repair (EVAR) technique. EVAR has become the preferred method for
elective surgical repair of AAA in the United Kingdom (UK) with 70% of elective AAA repairs

performed using EVAR.?

It is possible to carry out EVAR under different types of anaesthesia, including general (GA), regional
(RA) and local anaesthesia (LA). Non-randomized studies have suggested potential patient benefit
when local and/or regional techniques are used for EVAR.23 However, these studies included a mix of
elective and emergency patients and results did not distinguish between elective and emergency
EVAR.456 A recent systematic review examining mode of anaesthesia for EVAR (39,744 patients
from 22 non-randomized studies) reported a lower unadjusted risk of death after emergency EVAR
with LA compared to GA, but trends in elective EVAR were less clear.” There are no randomized
controlled trials to guide practice in this area therefore the best choice of anaesthetic technique

remains unknown.

There is emerging evidence from a recent randomized study (IMPROVE trial) that outcomes are
better using LA in those patients presenting as an emergency with a rupture. A post-hoc subgroup
analysis of a cohort of 186 patients who underwent emergency EVAR demonstrated a significantly
reduced 30-day mortality for patients operated under LA compared to surgery under GA (odds ratio
0-27, 95% confidence interval (ClI) 0-10, 0-70, after adjustment for potential confounding factors).8
The beneficial effect of LA in emergency EVAR observed in the IMPROVE trial was confirmed by a
recent analysis of the UK National Vascular Registry (NVR), demonstrating a significant reduction in
mortality in patients receiving ruptured AAA repair by EVAR under LA compared to GA (adjusted

hazard ratio 0.62, 95% CI 0.45 to 0.85; P = 0.003).°

The NVR captures data on more than 90% of AAA procedures in the UK. It provides a unique
opportunity to examine the practice and outcomes of elective EVAR in a pragmatic real-world

setting.’® The aim of this study was to quantify the use of different modes of anaesthesia for elective
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EVAR across all UK vascular centres, and to examine whether the observed benefit associated with

LA for emergency EVAR was replicated in UK elective EVAR practice.
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METHODS

National Vascular Registry

The NVR was commissioned as part of the National Clinical Audit and Patient Outcomes Programme,
by the Healthcare Quality Improvement Partnership (HQIP), to measure quality of care and outcomes
for patients receiving vascular interventions in the National Health Service (NHS).11° Data submission
forms part of the revalidation of NHS vascular surgeons and is therefore mandated. The NVR dataset
is externally validated by comparing case ascertainment with Hospital Episode Statistics (HES); all
NHS trusts in England are obliged to contribute to the HES dataset to ensure financial probity.** The
internal validity of the NVR is assessed using range and consistency checks, and by extensive data
scrutiny, including checking data values with individual hospitals. The NVR also includes patients from
Scotland, Wales and Northern Ireland, and equivalent case ascertainment comparisons are made
with the Scottish Morbidity Record (SMRO01), Patient Episode Database for Wales and the Hospital
Activity Statistics for each demographic area respectively. As such the internal and external validity of
the registry is satisfactory. The NVR remains the largest recognized register of AAA cases in the UK.
Permission was obtained from HQIP for the NVR to release anonymized patient data under a data

sharing agreement between HQIP and the University of Bristol.

Study population

The study population comprised of consecutive UK patients who underwent elective EVAR for an
AAA between the 1st January 2014 and the 31st December 2016. Patients who were symptomatic,
underwent complex EVAR, received EVAR for an indication other than AAA (for example dissection)

and those patients undergoing a revision EVAR were excluded.

The endovascular procedure performed is recorded at the time of surgery according to a range of
Office of Population Censuses and Surveys (OPCS) codes in the NVR. Surgeons select whether the

procedure was simple, complex or revision EVAR. Cases were excluded on the basis of this section;



164 therefore, if a standard ‘simple’ EVAR was used in a patient with juxta renal aneurysm it is analysed
165  as astandard infra-renal EVAR.

166  The NVR case ascertainment rate for elective AAA over the period 2014 to 2016 was 89%. .10

167

168 Mode of anaesthesia

169

170  The modes of anaesthesia recorded in the NVR include GA, LA and RA. The NVR does not specify
171 the exact quintessence of GA, RA or LA nor does it specify cases where a procedure was initiated
172 under LA and then converted to GA (or RA) later in the procedure.

173

174  Data collection

175

176  Data items included in the NVR and available for analysis are summarized in Appendix 1. Data items
177  were prospectively selected for extraction from the NVR. The NVR only collects data during the index
178 hospital admission until discharge from the hospital where the vascular surgical procedure was

179 carried out. Therefore, this could mean discharge home, or to a referring hospital or to a rehabilitation
180  hospital.

181

182 The British Aneurysm Repair (BAR) score, which includes data on age, sex, serum creatinine, cardiac
183 disease, electrocardiogram, previous aortic surgery, white blood cell count, serum sodium, AAA

184  diameter and ASA grade, was calculated from the available data. The BAR score is a validated risk
185 prediction score that provides an estimate of the risk of in hospital mortality for patients undergoing
186  elective AAA repair.’2 The BAR score is summarised in Figure 1.

187

188  Study outcomes

189

190 The primary outcome for this study was in-hospital mortality to 30-days. Patients who were

191 discharged from hospital alive were censored at last follow-up or 30-days if followed up beyond 30-
192 days. Secondary clinical outcomes included post-operative length of hospital stay (LOS), intensive

193 care unit (ICU) admission, duration of ICU stay, post-operative complications, namely cardiac,
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pulmonary and cerebral complications, renal failure, postoperative bleeding, endoleak and
readmissions following discharge. We had not intended to consider readmissions, this was added in
response to reviewer feedback. Secondary process outcomes included uptake of LA or RA for EVAR

technique for elective AAA repair across UK vascular centres.

Statistical analysis

Continuous data are summarized as mean and standard deviation (SD) or median and interquartile
range (IQR) if the distribution is skewed. Categorical data are summarized as a number and
percentage. Patients undergoing EVAR are grouped by mode of anaesthesia, LA, GA or RA.
Standardized mean differences (RA versus GA and LA versus GA) were calculated to quantify the

differences in the baseline characteristics and aortic morphology between groups.

Cox proportional hazards regression was used to compare time-to-event outcomes, i.e. time from
surgery to in-hospital death within 30-days, discharge from ICU (for the subset admitted to ICU) and
discharge from hospital after surgery, by mode of anaesthesia. Patients who did not experience the
event of interest were censored at discharge, 30-days or death as appropriate. Pulmonary
complications were compared using logistic regression. This analysis was added following the
publication of Van Orden et. al. report on pulmonary complications.1® All analyses were adjusted for
presence of chronic lung disease (included because of an observed imbalance across the groups),
BAR score!? and hospital to reduce the effect of confounding. For time-to-event outcomes the
analysis was stratified by hospital. For the analysis of pulmonary complications hospital was included
as a random effect. BAR score was fitted as a continuous variable. For the analysis of postoperative
hospital stay the effect of BAR score changed over time and to accommodate this BAR score was
modelled separately for each of days 1, 2, 3 and 4+ after surgery. Results are reported as hazard
ratios (time-to-event outcomes) or odds ratios (binary outcome) with 95% confidence intervals (Cl)
comparing RA to GA and LA to GA. P-values are calculated for the overall effect of mode of
anaesthesia, except where indicated otherwise. Other outcomes are described but not formally

compared. Missing data are described in the footnotes of tables.
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All analyses were performed in Stata version 15.1 (StataCorp LP, College Station, Tex).

RESULTS

The NVR captured data on 20,936 patients undergoing AAA repair between January 2014 and
December 2016, 13,354 of whom received endovascular repair of their AAA. Of the 13,354 patients
undergoing EVAR for AAA, 9783 (73.2%) received an elective, standard infra-renal EVAR. Most
patients undergoing EVAR received GA (7069, 72.3%) with 2347 (23.9%) receiving RA and 367

(3.8%) receiving LA (Figure 2).

Hospital use of the three modes of anaesthesia

EVAR procedures were carried out in 89 hospitals across the UK, 54 hospitals used all three methods
of anaesthesia, 23 used GA or RA only, 3 used GA or LA only, 7 used GA alone and 2 used RA
alone. There was a trend towards higher volume centres performing more procedures under LA or
RA, however there was no increase in the proportion of cases performed under LA or RA as caseload

increased (Table 1, Figure 3).

Patient characteristics

Table 2 summarizes patient demographics and co-morbidity by mode of anaesthesia. Over 88% of
patients had co-morbidities and 7% of patients were considered American Society of
Anaesthesiologists (ASA) IV or V. BAR score was 1.1%, 0.98% and 1.44% for the RA, GA and LA
groups respectively. The median AAA diameter was 60mm (IQR 56-68mm). With the exception of
chronic lung disease, which was lower in the GA group (1662, 23.5%) compared to the LA (133,
36.2%) and RA (886, 36.9%) groups, patient characteristics were similar across the three groups, as

indicated by a standardized mean difference of <0.2 for the factors examined.

Clinical outcomes

Overall, the mortality rate at 30-days following elective, standard infra-renal EVAR was 0.86% (95%
confidence interval 0.67% to 1.11%). There were 64 in-hospital deaths within 30-days of surgery, 50
in the GA group (0.9%, 95% CI 0.7%-1.2%]), 11 in the RA group (0.6%, 95% CI 0.3%-1.1%) and 3

(1.5%, 95% CI 0.5%-4.7%) in the LA group (Figure 4). After adjustment for confounders including
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BAR score (Figure 1), chronic lung disease and hospital, the risk of death within 30-days differed
significantly between the groups (p=0.03) and was significantly lower with RA compared to GA,
(adjusted hazard ratio RA versus GA: 0.37, 95% CI 0.17-0.81; LA versus GA: 0.63, 95% CI 0.15-2.69)

(Figure 5).

Overall, 31.9% (2461 patients) were admitted to ICU post-operatively (Table 3). Amongst the subset
admitted to ICU, the time to discharge was similar in the three groups, p=0.41, (Figure 5). In contrast,
after adjustment for confounding (including BAR score, chronic lung disease and hospital), there was
evidence to suggest that patients in the RA and LA groups were discharged from hospital more
quickly than those in the GA group; adjusted hazard ratio RA versus GA: 1.10, 95% CI 1.03-1.17; LA
versus GA: 1.15, 95% CI 1.02-1.29; p=0.003, Figure 5). Pulmonary complications were recorded
most frequently, occurring in 237 patients (2.4%) and was similar in the three groups (Figure 5).
Endoleak was recorded in 1537 cases (15.7%), with type 2 endoleak occurring most frequently, in

985 cases (63.3%) (Table 3).

DISCUSSION

The main finding from this observational analysis of data from the UK NVR is that the 30-day in
hospital mortality for elective, standard infra-renal EVAR was significantly lower in the RA group
compared to the GA group (Figure 5). Mortality was also lower in the LA group, but not significantly
so. Patient groups were similar in demographics and co-morbid status. Complication rates were low
and similar between groups, but patients in the RA and LA groups were more likely to be discharged

earlier than those in the GA group.

The use of local, regional and general anaesthesia techniques for EVAR is well established in both
the elective and emergency settings.'* Recent evidence supports the use of LA for emergency EVAR
of ruptured AAA: both the observational analysis of the IMPROVE trial and the analysis of the UK
NVR demonstrated statistically significant reductions in mortality associated with the use of LA.8° The
effect of mode of anaesthesia on outcomes following elective EVAR is unknown. The 2019 ESVS

Clinical Practice Guidelines on the Management of Abdominal Aorto-lliac Artery Aneurysms
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recommends that anaesthesia for elective EVAR be chosen according to local hospital routine
practice as well as individual patient preference and assessment. These recommendations are based
on evidence from a small retrospective analysis published in 2015 (ENGAGE study)*5, which
demonstrated that there was no significant difference in mortality between the three modes of
anaesthesia.'® Conversely, a recent systematic review comparing mortality across different modes of
anaesthesia for EVAR found that there may be some evidence to suggest that mode of anaesthesia,
in particular RA for elective EVAR and LA for emergency EVAR, is associated with improved
outcomes.” The lack of high-quality randomised data however, introduces a significant risk of bias. An
observational analysis of the IMPROVE trial found that patients treated with EVAR for ruptured AAA
using LA were discharged home sooner, as well as their discharge destination being more often

directly home, when compared to GA.2

Other contemporary authors have examined postoperative complications following EVAR and their
relationship to mode of anaesthesia. In recent analysis of the Vascular Quality Initiative from the
United States, the authors concluded that the use of LA for percutaneous elective EVAR was
associated with fewer pulmonary complications (OR 2.8; 95% CI 1.49-5.43; p=0.002).13

There remain difficulties in this subject concerning firstly, the decision making and patient selection
behind the choice of mode of anaesthesia, and secondly, the ambiguity in definitions of RA, GA and
LA, particularly with regards to the addition of varying degrees of sedation to local or regional

techniques.”®

The lower mortality rate observed with RA for elective EVAR is replicated in this UK NVR cohort of
9,783 patients undergoing elective, standard infra-renal EVAR. There was a trend towards a mortality
benefit for the LA group but this did not reach statistical significance. The reduction in pulmonary
complications with the use of LA reported by Van Orden et. al. 13 was not seen in this cohort; indeed,
the rate of pulmonary complications was similar in the three groups (figure 5). Conversely this
analysis does support the finding from the IMPROVE trial analysis as patients undergoing EVAR with

LA or RA technique were discharged sooner.
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The use of LA and RA technique in elective EVAR has been widely adopted throughout the UK with
82 of the 89 hospitals performing at least one procedure under LA or RA. There was a trend towards
the higher volume centres were performing more procedures under LA or RA, however the proportion
of cases performed under LA or RA did not increase with caseload (Figure 3). Interestingly the
highest volume centre performed most of its elective EVAR under GA (97% of cases). This is contrary
to the findings in emergency EVAR where high volume centres were performing more cases under

LA®

As with any registry data, the NVR is limited by its observational nature, the data collected and the
data completeness. Whilst there are measures in place to ensure the internal and external validity of
the NVR, including range checks and ratifying case ascertainment with HES data (estimated to be
89%),! the database is not independently externally validated, and HES data can be unreliable, this
therefore limits the validity of the database. The authors were unable to cross reference the NVR with
another external database to ensure its validity and this is important to consider when interpreting the
findings. Despite this significant limitation the data remains valuable and is intended to generate

clinical equipoise within the literature and lead to further high-quality randomised studies.

Although we were able to account for patient factors through the inclusion of the BAR score and the
presence of chronic lung disease in our analyses, there are other potential confounding factors that
may influence the choice of mode of anaesthesia and outcome that were not included and are not
captured in the registry. Missing data are minimal in this cohort (<2%), with the exception of post-
operative ICU admission, and multiple imputation was not considered necessary. Data on post-
operative ICU admission was missing in 1675 GA, 363 RA and 46 LA cases which may suggest that

the true numbers admitted to ICU postoperatively are lower than reported here.

The decision-making process surrounding the choice of anaesthetic technique for individual patients
remains unclear and is a potential source of significant selection bias. For example, the method of
vascular access (percutaneous or open cut-down) may influence the choice of anaesthetic technique
and subsequent complications. It was not possible to investigate these factors as this information is

not captured by the NVR. Furthermore, there remains ambiguity and inconsistency in the definition of
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anaesthetic techniques, particularly when intravenous sedation is used alongside LA or RA
techniques. In a study conducted by Verhoeven et. al. up to 13% of patients receiving LA EVAR also
received intravenous sedation or analgesia,'’ but these data are not recorded by the NVR. Even
within GA different outcomes have been reported for total intravenous anaesthesia techniques when
compared with volatile anaesthetics.!® In addition, the NVR does not record when a procedure was

converted from one mode of anaesthesia to another, adding a further potential source of bias.

The NVR only collects mortality during the index hospital admission and any post-discharge deaths
within 30-days will have been missed. Any missing or inaccurate mortality datapoints could potentially
significantly affect the results as the numbers of deaths in each group are small. However, it must be
noted that in multiple high profile EVAR trials there is a negligible difference between 30-day and in-
hospital mortality, suggesting that this is unlikely to be the case.1%22 Further to this, it is also possible
that some post-operative complications within the perioperative period have not been captured. With
regards to the LA group, it may simply be too small to demonstrate significant differences in mortality
and morbidity. The NVR may have irreparable flaws in its conception but, despite these limitations,
the data remains valuable and represents the largest individual cohort of elective EVAR analysed by

mode of anaesthesia.

Conclusions

This study contributes to the expanding evidence base surrounding the choice of anaesthetic
technique for elective EVAR. It supports the current literature, ratifying the observed mortality benefit
associated with RA technique in elective EVAR but does not replicate the observed reduction in
pulmonary complications observed with LA technique in elective EVAR. This work is valuable in
demonstrating the equipoise surrounding the choice of anaesthetic technique for elective EVAR and

the need for a high quality randomized controlled trial comparing the different anaesthetic techniques.
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What does this study add to the existing literature and how will it influence future clinical

practice?

This study supports the previously observed mortality benefit of regional anaesthetic (RA) technique
for elective, standard infra-renal endovascular aneurysm repair (EVAR). Patients treated with local
anaesthetic (LA) or RA technique were discharged from hospital sooner. The previously observed
reduction in pulmonary complications associated with LA technique in elective EVAR was not
reproduced in this cohort. This retrospective analysis of a contemporary national database contributes
to the evolving evidence base and clinical equipoise surrounding the choice of anaesthetic technique

for EVAR.
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ABSTRACT

Background:

Endovascular aneurysm repair (EVAR) is the most commonly used method to repair abdominal aortic
aneurysm. EVAR can be performed using a variety of anaesthetic techniques including general
anaesthetic (GA), regional anaesthetic (RA) and local anaesthetic (LA) but little is known about the
effect each of these anaesthetic modes have on patient outcome. The aim of this study was to assess

the effect of anaesthetic technique on early outcomes following elective EVAR.

Methods:

Data from the United Kingdom National Vascular Registry were analysed. All patients undergoing
elective, standard infra-renal EVAR between 15t January 2014 and the 31st December 2016 were
included. Patients with a symptomatic aneurysm treated semi-electively were excluded. The primary
outcome was in-hospital death within 30-days of surgery. Secondary outcomes included
postoperative complications and length of hospital stay. Time-to-event outcomes were compared
using Cox Proportional Hazards regression adjusted for confounders including British Aneurysm
Repair score (a validated aneurysm risk prediction score which is calculated using age, sex,
creatinine, cardiac disease, electrocardiogram, previous aortic surgery, white blood cell count, serum

sodium, abdominal aortic aneurysm diameter and ASA grade) and chronic lung disease.

Results:

A total of 9783 patients received an elective, standard infra-renal EVAR (GA n=7069, RA n=2347 and
LA n=367) across 89 hospitals. RA and/or LA was used in 82 hospitals. There were 64 in-hospital
deaths within 30-days, 50 (0.9% mortality at 30-days, 95% confidence interval [0.7%, 1.2%]) in the
GA group, 11 (0.6% [0.3%, 1.1%]) in the RA group and 3 (1.5% [0.5%, 4.7%)]) in the LA group. The
mortality rate differed between groups (p=0.03) and was significantly lower in the RA group compared
to the GA group (adjusted hazard ratio RA/GA: 0.37 [0.17,0.81]; LA/GA: 0.63 [0.15, 2.69]). The
median length of stay was 2 days for all modes of anaesthesia, but patients were discharged from
hospital more quickly in the RA and LA groups compared to the GA group (adjusted hazard ratio

RA/GA: 1.10[1.03, 1.17]; LA/GA: 1.15[1.02, 1.29]). Overall, 20.7% of patients experienced one or
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more complications (GA group: 22.1%; RA group: 16.8%, LA group: 17.7%) and pulmonary
complications occurred with similar frequency in the three groups (overall 2.4%, adjusted odds ratio

RA/GA: 0.93 [0.66, 1.32]; LA/GA: 0.82 [0.41, 1.63]).

Conclusion:

30-day mortality was lower with RA compared to GA, but mode of anaesthesia was not associated

with increased complications for patients undergoing elective, standard infra-renal EVAR.

Keywords: Elective Endovascular Aneurysm Repair, Anaesthesia, Abdominal Aortic Aneurysm
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INTRODUCTION

The majority of elective abdominal aortic aneurysm (AAA) repairs are now performed using the
endovascular aneurysm repair (EVAR) technique. EVAR has become the preferred method for
elective surgical repair of AAA in the United Kingdom (UK) with 70% of elective AAA repairs

performed using EVAR.?

It is possible to carry out EVAR under different types of anaesthesia, including general (GA), regional
(RA) and local anaesthesia (LA). Non-randomized studies have suggested potential patient benefit
when local and/or regional techniques are used for EVAR.23 However, these studies included a mix of
elective and emergency patients and results did not distinguish between elective and emergency
EVAR.456 A recent systematic review examining mode of anaesthesia for EVAR (39,744 patients
from 22 non-randomized studies) reported a lower unadjusted risk of death after emergency EVAR
with LA compared to GA, but trends in elective EVAR were less clear.” There are no randomized
controlled trials to guide practice in this area therefore the best choice of anaesthetic technique

remains unknown.

There is emerging evidence from a recent randomized study (IMPROVE trial) that outcomes are
better using LA in those patients presenting as an emergency with a rupture. A post-hoc subgroup
analysis of a cohort of 186 patients who underwent emergency EVAR demonstrated a significantly
reduced 30-day mortality for patients operated under LA compared to surgery under GA (odds ratio
0-27, 95% confidence interval (ClI) 0-10, 0-70, after adjustment for potential confounding factors).8
The beneficial effect of LA in emergency EVAR observed in the IMPROVE trial was confirmed by a
recent analysis of the UK National Vascular Registry (NVR), demonstrating a significant reduction in
mortality in patients receiving ruptured AAA repair by EVAR under LA compared to GA (adjusted

hazard ratio 0.62, 95% CI 0.45 to 0.85; P = 0.003).°

The NVR captures data on more than 90% of AAA procedures in the UK. It provides a unique
opportunity to examine the practice and outcomes of elective EVAR in a pragmatic real-world

setting.1® The aim of this study was to quantify the use of different modes of anaesthesia for elective
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EVAR across all UK vascular centres, and to examine whether the observed benefit associated with

LA for emergency EVAR was replicated in UK elective EVAR practice.
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METHODS

National Vascular Registry

The NVR was commissioned as part of the National Clinical Audit and Patient Outcomes Programme,
by the Healthcare Quality Improvement Partnership (HQIP), to measure quality of care and outcomes
for patients receiving vascular interventions in the National Health Service (NHS).1° Data submission
forms part of the revalidation of NHS vascular surgeons and is therefore mandated. The NVR dataset
is externally validated by comparing case ascertainment with Hospital Episode Statistics (HES); all
NHS trusts in England are obliged to contribute to the HES dataset to ensure financial probity.** The
internal validity of the NVR is assessed using range and consistency checks, and by extensive data
scrutiny, including checking data values with individual hospitals. The NVR also includes patients from
Scotland, Wales and Northern Ireland, and equivalent case ascertainment comparisons are made
with the Scottish Morbidity Record (SMRO01), Patient Episode Database for Wales and the Hospital
Activity Statistics for each demographic area respectively. As such the internal and external validity of
the registry is satisfactory. The NVR remains the largest recognized register of AAA cases in the UK.
Permission was obtained from HQIP for the NVR to release anonymized patient data under a data

sharing agreement between HQIP and the University of Bristol.

Study population

The study population comprised of consecutive UK patients who underwent elective EVAR for an
AAA between the 1st January 2014 and the 31st December 2016. Patients who were symptomatic,
underwent complex EVAR, received EVAR for an indication other than AAA (for example dissection)

and those patients undergoing a revision EVAR were excluded.

The endovascular procedure performed is recorded at the time of surgery according to a range of
Office of Population Censuses and Surveys (OPCS) codes in the NVR. Surgeons select whether the

procedure was simple, complex or revision EVAR. Cases were excluded on the basis of this section;



164 therefore, if a standard ‘simple’ EVAR was used in a patient with juxta renal aneurysm it is analysed
165  as astandard infra-renal EVAR.

166  The NVR case ascertainment rate for elective AAA over the period 2014 to 2016 was 89%. .10

167

168 Mode of anaesthesia

169

170  The modes of anaesthesia recorded in the NVR include GA, LA and RA. The NVR does not specify
171 the exact quintessence of GA, RA or LA nor does it specify cases where a procedure was initiated
172 under LA and then converted to GA (or RA) later in the procedure.

173

174  Data collection

175

176  Data items included in the NVR and available for analysis are summarized in Appendix 1. Data items
177  were prospectively selected for extraction from the NVR. The NVR only collects data during the index
178 hospital admission until discharge from the hospital where the vascular surgical procedure was

179 carried out. Therefore, this could mean discharge home, or to a referring hospital or to a rehabilitation
180  hospital.

181

182 The British Aneurysm Repair (BAR) score, which includes data on age, sex, serum creatinine, cardiac
183 disease, electrocardiogram, previous aortic surgery, white blood cell count, serum sodium, AAA

184  diameter and ASA grade, was calculated from the available data. The BAR score is a validated risk
185 prediction score that provides an estimate of the risk of in hospital mortality for patients undergoing
186 elective AAA repair.22 The BAR score is summarised in Figure 1.

187

188  Study outcomes

189

190 The primary outcome for this study was in-hospital mortality to 30-days. Patients who were

191 discharged from hospital alive were censored at last follow-up or 30-days if followed up beyond 30-
192 days. Secondary clinical outcomes included post-operative length of hospital stay (LOS), intensive

193 care unit (ICU) admission, duration of ICU stay, post-operative complications, namely cardiac,
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pulmonary and cerebral complications, renal failure, postoperative bleeding, endoleak and
readmissions following discharge. We had not intended to consider readmissions, this was added in
response to reviewer feedback. Secondary process outcomes included uptake of LA or RA for EVAR

technique for elective AAA repair across UK vascular centres.

Statistical analysis

Continuous data are summarized as mean and standard deviation (SD) or median and interquartile
range (IQR) if the distribution is skewed. Categorical data are summarized as a number and
percentage. Patients undergoing EVAR are grouped by mode of anaesthesia, LA, GA or RA.
Standardized mean differences (RA versus GA and LA versus GA) were calculated to quantify the

differences in the baseline characteristics and aortic morphology between groups.

Cox proportional hazards regression was used to compare time-to-event outcomes, i.e. time from
surgery to in-hospital death within 30-days, discharge from ICU (for the subset admitted to ICU) and
discharge from hospital after surgery, by mode of anaesthesia. Patients who did not experience the
event of interest were censored at discharge, 30-days or death as appropriate. Pulmonary
complications were compared using logistic regression. This analysis was added following the
publication of Van Orden et. al. report on pulmonary complications.13 All analyses were adjusted for
presence of chronic lung disease (included because of an observed imbalance across the groups),
BAR score!? and hospital to reduce the effect of confounding. For time-to-event outcomes the
analysis was stratified by hospital. For the analysis of pulmonary complications hospital was included
as a random effect. BAR score was fitted as a continuous variable. For the analysis of postoperative
hospital stay the effect of BAR score changed over time and to accommodate this BAR score was
modelled separately for each of days 1, 2, 3 and 4+ after surgery. Results are reported as hazard
ratios (time-to-event outcomes) or odds ratios (binary outcome) with 95% confidence intervals (Cl)
comparing RA to GA and LA to GA. P-values are calculated for the overall effect of mode of
anaesthesia, except where indicated otherwise. Other outcomes are described but not formally

compared. Missing data are described in the footnotes of tables.
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All analyses were performed in Stata version 15.1 (StataCorp LP, College Station, Tex).

RESULTS

The NVR captured data on 20,936 patients undergoing AAA repair between January 2014 and
December 2016, 13,354 of whom received endovascular repair of their AAA. Of the 13,354 patients
undergoing EVAR for AAA, 9783 (73.2%) received an elective, standard infra-renal EVAR. Most
patients undergoing EVAR received GA (7069, 72.3%) with 2347 (23.9%) receiving RA and 367

(3.8%) receiving LA (Figure 2).

Hospital use of the three modes of anaesthesia

EVAR procedures were carried out in 89 hospitals across the UK, 54 hospitals used all three methods
of anaesthesia, 23 used GA or RA only, 3 used GA or LA only, 7 used GA alone and 2 used RA
alone. There was a trend towards higher volume centres performing more procedures under LA or
RA, however there was no increase in the proportion of cases performed under LA or RA as caseload

increased (Table 1, Figure 3).

Patient characteristics

Table 2 summarizes patient demographics and co-morbidity by mode of anaesthesia. Over 88% of
patients had co-morbidities and 7% of patients were considered American Society of
Anaesthesiologists (ASA) IV or V. BAR score was 1.1%, 0.98% and 1.44% for the RA, GA and LA
groups respectively. The median AAA diameter was 60mm (IQR 56-68mm). With the exception of
chronic lung disease, which was lower in the GA group (1662, 23.5%) compared to the LA (133,
36.2%) and RA (886, 36.9%) groups, patient characteristics were similar across the three groups, as

indicated by a standardized mean difference of <0.2 for the factors examined.

Clinical outcomes

Overall, the mortality rate at 30-days following elective, standard infra-renal EVAR was 0.86% (95%
confidence interval 0.67% to 1.11%). There were 64 in-hospital deaths within 30-days of surgery, 50
in the GA group (0.9%, 95% CI 0.7%-1.2%]), 11 in the RA group (0.6%, 95% CI 0.3%-1.1%) and 3

(1.5%, 95% CI 0.5%-4.7%) in the LA group (Figure 4). After adjustment for confounders including
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BAR score (Figure 1), chronic lung disease and hospital, the risk of death within 30-days differed
significantly between the groups (p=0.03) and was significantly lower with RA compared to GA,
(adjusted hazard ratio RA versus GA: 0.37, 95% CI 0.17-0.81; LA versus GA: 0.63, 95% CI 0.15-2.69)

(Figure 5).

Overall, 31.9% (2461 patients) were admitted to ICU post-operatively (Table 3). Amongst the subset
admitted to ICU, the time to discharge was similar in the three groups, p=0.41, (Figure 5). In contrast,
after adjustment for confounding (including BAR score, chronic lung disease and hospital), there was
evidence to suggest that patients in the RA and LA groups were discharged from hospital more
quickly than those in the GA group; adjusted hazard ratio RA versus GA: 1.10, 95% CI 1.03-1.17; LA
versus GA: 1.15, 95% CI 1.02-1.29; p=0.003, Figure 5). Pulmonary complications were recorded
most frequently, occurring in 237 patients (2.4%) and was similar in the three groups (Figure 5).
Endoleak was recorded in 1537 cases (15.7%), with type 2 endoleak occurring most frequently, in

985 cases (63.3%) (Table 3).

DISCUSSION

The main finding from this observational analysis of data from the UK NVR is that the 30-day in
hospital mortality for elective, standard infra-renal EVAR was significantly lower in the RA group
compared to the GA group (Figure 5). Mortality was also lower in the LA group, but not significantly
so. Patient groups were similar in demographics and co-morbid status. Complication rates were low
and similar between groups, but patients in the RA and LA groups were more likely to be discharged

earlier than those in the GA group.

The use of local, regional and general anaesthesia techniques for EVAR is well established in both
the elective and emergency settings.'* Recent evidence supports the use of LA for emergency EVAR
of ruptured AAA: both the observational analysis of the IMPROVE trial and the analysis of the UK
NVR demonstrated statistically significant reductions in mortality associated with the use of LA.8° The
effect of mode of anaesthesia on outcomes following elective EVAR is unknown. The 2019 ESVS

Clinical Practice Guidelines on the Management of Abdominal Aorto-lliac Artery Aneurysms
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recommends that anaesthesia for elective EVAR be chosen according to local hospital routine
practice as well as individual patient preference and assessment. These recommendations are based
on evidence from a small retrospective analysis published in 2015 (ENGAGE study)*5, which
demonstrated that there was no significant difference in mortality between the three modes of
anaesthesia.'® Conversely, a recent systematic review comparing mortality across different modes of
anaesthesia for EVAR found that there may be some evidence to suggest that mode of anaesthesia,
in particular RA for elective EVAR and LA for emergency EVAR, is associated with improved
outcomes.” The lack of high-quality randomised data however, introduces a significant risk of bias. An
observational analysis of the IMPROVE trial found that patients treated with EVAR for ruptured AAA
using LA were discharged home sooner, as well as their discharge destination being more often

directly home, when compared to GA.2

Other contemporary authors have examined postoperative complications following EVAR and their
relationship to mode of anaesthesia. In recent analysis of the Vascular Quality Initiative from the
United States, the authors concluded that the use of LA for percutaneous elective EVAR was
associated with fewer pulmonary complications (OR 2.8; 95% CI 1.49-5.43; p=0.002).13

There remain difficulties in this subject concerning firstly, the decision making and patient selection
behind the choice of mode of anaesthesia, and secondly, the ambiguity in definitions of RA, GA and
LA, particularly with regards to the addition of varying degrees of sedation to local or regional

techniques.”®

The lower mortality rate observed with RA for elective EVAR is replicated in this UK NVR cohort of
9,783 patients undergoing elective, standard infra-renal EVAR. There was a trend towards a mortality
benefit for the LA group but this did not reach statistical significance. The reduction in pulmonary
complications with the use of LA reported by Van Orden et. al. 13 was not seen in this cohort; indeed,
the rate of pulmonary complications was similar in the three groups (figure 5). Conversely this
analysis does support the finding from the IMPROVE trial analysis as patients undergoing EVAR with

LA or RA technique were discharged sooner.
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The use of LA and RA technique in elective EVAR has been widely adopted throughout the UK with
82 of the 89 hospitals performing at least one procedure under LA or RA. There was a trend towards
the higher volume centres were performing more procedures under LA or RA, however the proportion
of cases performed under LA or RA did not increase with caseload (Figure 3). Interestingly the
highest volume centre performed most of its elective EVAR under GA (97% of cases). This is contrary
to the findings in emergency EVAR where high volume centres were performing more cases under

LA®

As with any registry data, the NVR is limited by its observational nature, the data collected and the
data completeness. Whilst there are measures in place to ensure the internal and external validity of
the NVR, including range checks and ratifying case ascertainment with HES data (estimated to be
89%),! the database is not independently externally validated, and HES data can be unreliable, this
therefore limits the validity of the database. The authors were unable to cross reference the NVR with
another external database to ensure its validity and this is important to consider when interpreting the
findings. Despite this significant limitation the data remains valuable and is intended to generate

clinical equipoise within the literature and lead to further high-quality randomised studies.

Although we were able to account for patient factors through the inclusion of the BAR score and the
presence of chronic lung disease in our analyses, there are other potential confounding factors that
may influence the choice of mode of anaesthesia and outcome that were not included and are not
captured in the registry. Missing data are minimal in this cohort (<2%), with the exception of post-
operative ICU admission, and multiple imputation was not considered necessary. Data on post-
operative ICU admission was missing in 1675 GA, 363 RA and 46 LA cases which may suggest that

the true numbers admitted to ICU postoperatively are lower than reported here.

The decision-making process surrounding the choice of anaesthetic technique for individual patients
remains unclear and is a potential source of significant selection bias. For example, the method of
vascular access (percutaneous or open cut-down) may influence the choice of anaesthetic technique
and subsequent complications. It was not possible to investigate these factors as this information is

not captured by the NVR. Furthermore, there remains ambiguity and inconsistency in the definition of
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anaesthetic techniques, particularly when intravenous sedation is used alongside LA or RA
techniques. In a study conducted by Verhoeven et. al. up to 13% of patients receiving LA EVAR also
received intravenous sedation or analgesia,'’ but these data are not recorded by the NVR. Even
within GA different outcomes have been reported for total intravenous anaesthesia techniques when
compared with volatile anaesthetics.!® In addition, the NVR does not record when a procedure was

converted from one mode of anaesthesia to another, adding a further potential source of bias.

The NVR only collects mortality during the index hospital admission and any post-discharge deaths
within 30-days will have been missed. Any missing or inaccurate mortality datapoints could potentially
significantly affect the results as the numbers of deaths in each group are small. However, it must be
noted that in multiple high profile EVAR trials there is a negligible difference between 30-day and in-
hospital mortality, suggesting that this is unlikely to be the case.1%22 Further to this, it is also possible
that some post-operative complications within the perioperative period have not been captured. With
regards to the LA group, it may simply be too small to demonstrate significant differences in mortality
and morbidity. The NVR may have irreparable flaws in its conception but, despite these limitations,
the data remains valuable and represents the largest individual cohort of elective EVAR analysed by

mode of anaesthesia.

Conclusions

This study contributes to the expanding evidence base surrounding the choice of anaesthetic
technique for elective EVAR. It supports the current literature, ratifying the observed mortality benefit
associated with RA technique in elective EVAR but does not replicate the observed reduction in
pulmonary complications observed with LA technique in elective EVAR. This work is valuable in
demonstrating the equipoise surrounding the choice of anaesthetic technique for elective EVAR and

the need for a high quality randomized controlled trial comparing the different anaesthetic techniques.
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WHAT THIS PAPER ADDS

This study supports the previously observed mortality benefit of regional anaesthetic (RA) technique
for elective, standard infrarenal endovascular aneurysm repair (EVAR). Patients treated with local
anaesthetic (LA) or RA were discharged from hospital sooner. The previously observed reduction in
pulmonary complications associated with LA in elective EVAR was not reproduced in this cohort.
This retrospective analysis of a contemporary national database contributes to the evolving evidence
base and clinical equipoise surrounding the choice of anaesthetic technique for EVAR.
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Objective: Endovascular aneurysm repair (EVAR) is the most commonly used method to repair
abdominal aortic aneurysms. EVAR can be performed using a variety of anaesthetic techniques,
including general anaesthetic (GA), regional anaesthetic (RA), and local anaesthetic (LA), but little is
known about the effects that each of these anaesthetic modes have on patient outcome. The aim of this
study was to assess the effect of anaesthetic technique on early outcomes after elective EVAR.
Methods: Data from the UK’s National Vascular Registry were analysed. All patients undergoing
elective, standard infrarenal EVAR between 1 January 2014 and 31 December 2016 were included.
Patients with a symptomatic aneurysm treated semi-electively were excluded. The primary outcome
was in hospital death within 30 days of surgery. Secondary outcomes included postoperative
complications and length of hospital stay. Time to event outcomes were compared using Cox
proportional hazards regression adjusted for confounders, including British Aneurysm Repair score (a
validated aneurysm risk prediction score that is calculated using age, sex, creatinine, cardiac disease,
electrocardiogram, previous aortic surgery, white blood cell count, serum sodium, abdominal aortic
aneurysm diameter, and American Society of Anaesthesiologists grade) and chronic lung disease.
Results: A total of 9 783 patients received an elective, standard infrarenal EVAR (GA, n =7 069; RA,
n =2 347; and LA, n = 367) across 89 hospitals. RA and/or LA was used in 82 hospitals. There were
64 in hospital deaths within 30 days, 50 (0.9% mortality at 30 days, 95% confidence interval [CI] 0.7 —
1.2) in the GA group, 11 (0.6%, 95% CI1 0.3 — 1.1) in the RA group, and three (1.5%, 95% CI1 0.5 —
4.7) in the LA group. The mortality rate differed between groups (p = .03) and was significantly lower
in the RA group compared with the GA group (adjusted hazard ratio [aHR] RA/GA 0.37 [95% CI1 0.17
—0.81]; LA/GA 0.63 [95% CI1 0.15 — 2.69]). The median length of stay was two days for all modes of
anaesthesia, but patients were discharged from hospital more quickly in the RA and LA groups than
those in the GA group (aHR RA/GA 1.10 [95% 1.03 — 1.17]; LA/GA 1.15 [95% CI 1.02 — 1.29]).
Overall, 20.7% of patients experienced one or more complications (GA group, 22.1%; RA group,
16.8%; LA group, 17.7%) and pulmonary complications occurred with similar frequency in the three
groups (overall 2.4%, adjusted odds ratio RA/GA 0.93 [95% CI1 0.66 — 1.32]; LA/GA 0.82 [95% CI
0.41 - 1.63)).

Conclusion: Thirty day mortality was lower with RA than with GA, but mode of anaesthesia was not

associated with increased complications for patients undergoing elective, standard infrarenal EVAR.
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INTRODUCTION

The majority of elective abdominal aortic aneurysm (AAA) repairs are now performed using
endovascular aneurysm repair (EVAR). EVAR has become the preferred method for elective surgical
repair of AAA in the UK, with 70% of elective AAA repairs performed by EVAR.!

It is possible to carry out EVAR under different types of anaesthesia, including general (GA),
regional (RA), and local anaesthesia (LA). Non-randomised studies have suggested a potential patient
benefit when local and/or regional techniques are used for EVAR.?® However, these studies included a
mix of elective and emergency patients, and results did not distinguish between elective and
emergency EVAR.4*® A recent systematic review examining mode of anaesthesia for EVAR (39 744
patients from 22 non-randomised studies) reported a lower unadjusted risk of death after emergency
EVAR with LA versus GA, but trends in elective EVAR were less clear.” There are no randomised
controlled trials to guide practice in this area and therefore the best choice of anaesthetic technique
remains unknown.

There is emerging evidence from a recent randomised study (Immediate Management of
Patients with Rupture: Open Versus Endovascular Repair [IMPROVE] trial) that outcomes are better
using LA in those patients presenting as an emergency with a rupture. A post hoc subgroup analysis of
a cohort of 186 patients who underwent emergency EVAR demonstrated a significantly reduced 30
day mortality for patients operated on under LA compared with surgery under GA (odds ratio [OR]
0.27, 95% confidence interval [CI] 0.10 — 0.70, after adjustment for potential confounding factors).®
The beneficial effect of LA in emergency EVAR observed in the IMPROVE trial was confirmed by a
recent analysis of the UK National Vascular Registry (NVR), demonstrating a significant reduction in
mortality in patients undergoing ruptured AAA repair by EVAR with LA compared with GA (adjusted
hazard ratio [aHR] 0.62, 95% CI 0.45 — 0.85; p = .003).°

The NVR captures data on > 90% of AAA procedures in the UK. It provides a unique
opportunity to examine the practice and outcomes of elective EVAR in a pragmatic real world
setting.'® The aim of this study was to quantify the use of different modes of anaesthesia for elective
EVAR across all UK vascular centres, and to examine whether the observed benefit associated with

LA for emergency EVAR was replicated in UK elective EVAR practice.

METHODS

NVR
The NVR was commissioned as part of the National Clinical Audit and Patient Outcomes Programme,

by the Healthcare Quality Improvement Partnership (HQIP), to measure quality of care and outcomes



for patients receiving vascular interventions in the National Health Service (NHS).%1? Data submission
forms part of the revalidation of NHS vascular surgeons and is therefore mandated. The NVR dataset
is externally validated by comparing case ascertainment with Hospital Episode Statistics (HES); all
NHS Trusts in England are obliged to contribute to the HES data set to ensure financial probity.!! The
internal validity of the NVR is assessed using range and consistency checks, and by extensive data
scrutiny, including checking data values with individual hospitals. The NVR also includes patients
from Scotland, Wales, and Northern Ireland, and equivalent case ascertainment comparisons are made
with the Scottish Morbidity Record (SMRO01), Patient Episode Database for Wales, and the Hospital
Activity Statistics for each demographic area, respectively. As such, the internal and external validity
of the registry is satisfactory. The NVR remains the largest recognised register of AAA cases in the
UK. Permission was obtained from HQIP for the NVR to release anonymised patient data under a data
sharing agreement between HQIP and the University of Bristol.

Study population

The study population comprised consecutive UK patients who underwent elective EVAR for an AAA
between 1 January 2014 and 31 December 2016. Patients who were symptomatic, underwent complex
EVAR, received EVAR for an indication other than AAA (e.g., dissection), and those undergoing a
revision EVAR were excluded.

The endovascular procedure performed is recorded at the time of surgery according to a range
of Office of Population Censuses and Surveys codes in the NVR. Surgeons select whether the
procedure was simple, complex, or revision EVAR. Cases were excluded on the basis of this section;
therefore, if a standard “simple” EVAR was used in a patient with juxtarenal aneurysm it is analysed
as a standard infrarenal EVAR.

The NVR case ascertainment rate for elective AAA over the period 2014 — 2016 was 89%.1°

Mode of anaesthesia

The modes of anaesthesia recorded in the NVR include GA, LA, and RA. The NVR does not specify
the exact quintessence of GA, RA, or LA, nor does it specify cases where a procedure was initiated
under LA and then converted to GA (or RA) later in the procedure.

Data collection
Data items included in the NVR and available for analysis are summarized in Appendix S1 (see
Supplementary Material). Data items were prospectively selected for extraction from the NVR. The

NVR only collects data during the index hospital admission until discharge from the hospital where the



vascular surgical procedure was carried out. Therefore, this could mean discharge home, to a referring
hospital, or to a rehabilitation hospital.

The British Aneurysm Repair (BAR) score, which includes data on age, sex, serum creatinine,
cardiac disease, electrocardiogram, previous aortic surgery, white blood cell count, serum sodium,
AAA diameter, and American Society of Anaesthesiologists (ASA) grade, was calculated from the
available data. The BAR score is a validated risk prediction score that provides an estimate of the risk
of in hospital mortality for patients undergoing elective AAA repair.'2 The BAR score is summarised
in Figure 1.

Study outcomes

The primary outcome for this study was in hospital mortality to 30 days. Patients who were discharged
from hospital alive were censored at last follow up or 30 days if followed up beyond 30 days.
Secondary clinical outcomes included postoperative length of hospital stay, intensive care unit (ICU)
admission, duration of ICU stay, postoperative complications (namely cardiac, pulmonary, and
cerebral complications), renal failure, postoperative bleeding, endoleak, and re-admissions following
discharge. It was not intended to consider re-admissions; this was added in response to reviewer
feedback. Secondary process outcomes included uptake of LA or RA for EVAR for elective AAA

repair across UK vascular centres.

Statistical analysis

Continuous data are summarised as mean * standard deviation (SD) or median (interquartile range
[IQR]) if the distribution was skewed. Categorical data are summarised as n (%). Patients undergoing
EVAR were grouped by mode of anaesthesia (LA, GA, or RA). Standardised mean differences (RA vs
GA and LA vs GA) were calculated to quantify the differences in the baseline characteristics and aortic
morphology between groups.

Cox proportional hazards regression was used to compare time to event outcomes, that is, time
from surgery to in hospital death within 30 days, discharge from ICU (for the subset admitted to ICU),
and discharge from hospital after surgery, by mode of anaesthesia. Patients who did not experience the
event of interest were censored at discharge, 30 days, or death as appropriate. Pulmonary
complications were compared using logistic regression. This analysis was added following the report
of Van Orden et al. on pulmonary complications.'® All analyses were adjusted for presence of chronic
lung disease (included because of an observed imbalance across the groups), BAR score,*2 and hospital
to reduce the effect of confounding. For time to event outcomes the analysis was stratified by hospital.

For the analysis of pulmonary complications hospital was included as a random effect. BAR score was



fitted as a continuous variable. For the analysis of postoperative hospital stay the effect of BAR score
changed over time; to accommodate this BAR score was modelled separately for each of days 1, 2, 3,
and 4+ after surgery. Results are reported as hazard ratios (time to event outcomes) or ORs (binary
outcome) with 95% Cls comparing RA with GA and LA with GA. P values were calculated for the
overall effect of mode of anaesthesia, except where indicated otherwise. Other outcomes are described
but not formally compared. Missing data are described in the table footnotes.

All analyses were performed in Stata version 15.1 (StataCorp, College Station, TX, USA).

RESULTS

The NVR captured data on 20 936 patients undergoing AAA repair between January 2014 and
December 2016, 13 354 of whom received endovascular repair of their AAA. Of the 13 354 patients
undergoing EVAR for AAA, 9 783 (73.3%) received an elective, standard infrarenal EVAR. Most
patients undergoing EVAR received GA (n =7 069; 72.3%) with 2 347 (24.0%) receiving RA and 367
(3.8%) receiving LA (Fig. 2).

Hospital use of the three modes of anaesthesia

EVAR procedures were carried out in 89 hospitals across the UK; 54 hospitals used all three methods
of anaesthesia, 23 used GA or RA only, three used GA or LA only, seven used GA alone, and two
used RA alone. There was a trend towards higher volume centres performing more procedures under
LA or RA; however, there was no increase in the proportion of cases performed under LA or RA as

case load increased (Table 1, Fig. 3).

Patient characteristics

Table 2 summarises patient demographics and comorbidity by mode of anaesthesia. Over 88% of
patients had comorbidities and 7% of patients were considered to be ASA grade IV or V. BAR score
was 1.1%, 0.98%, and 1.44% for the RA, GA, and LA groups, respectively. Median AAA diameter
was 60 mm (IQR 56 — 68 mm). With the exception of chronic lung disease, which was lower in the
GA group (n =1 662; 23.5%) than in the LA (n = 133; 36.2%) and RA (n = 886; 36.9%) groups,
patient characteristics were similar across the three groups, as indicated by a standardised mean

difference of < 0.2 for the factors examined.

Clinical outcomes
Overall, the mortality rate at 30 days after elective, standard infrarenal EVAR was 0.9% (95% CI 0.67
—1.11). There were 64 in hospital deaths within 30 days of surgery: 50 in the GA group (0.9%, 95%



C10.7-1.2), 11 in the RA group (0.6%, 95% CI1 0.3 — 1.1), and three (1.5%, 95% CI 0.5 — 4.7) in the
LA group (Fig. 4). After adjustment for confounders, including BAR score (Fig. 1), chronic lung
disease, and hospital, the risk of death within 30 days differed significantly between the groups (p =
.03) and was significantly lower with RA compared with GA (aHR RA vs GA 0.37 [95% CI1 0.17 —
0.81]; LA vs GA 0.63 [95% CI 0.15 — 2.69]) (Fig. 5).

Overall, 31.9% (2 461 patients) were admitted to the ICU postoperatively (Table 3). Among
the subset admitted to ICU, the time to discharge was similar in the three groups (p = .41) (Fig. 5). In
contrast, after adjustment for confounding (including BAR score, chronic lung disease, and hospital),
there was evidence to suggest that patients in the RA and LA groups were discharged from hospital
more quickly than those in the GA group (aHR RA vs GA 1.10 [95% CI1 1.03 - 1.17]; LA vs GA 1.15
[95% CI 1.02 — 1.29]; p = .003) (Fig. 5). Pulmonary complications were recorded most frequently,
occurring in 237 patients (2.4%) and was similar in the three groups (Fig. 5). Endoleak was recorded in
1 537 cases (15.7%), with type 2 endoleak occurring most frequently, in 985 cases (63.3%) (Table 3).

DISCUSSION

The main finding from this observational analysis of data from the UK NVR is that the 30 day in
hospital mortality for elective, standard infrarenal EVAR was significantly lower in the RA group
compared with the GA group (Fig. 5). Mortality was also lower in the LA group, but not significantly
so. Patient groups were similar regarding demographics and comorbidity status. Complication rates
were low and similar between groups, but patients in the RA and LA groups were more likely to be
discharged earlier than those in the GA group.

The use of LA, RA, and GA techniques for EVAR is well established in both elective and
emergency settings.* Recent evidence supports the use of LA for emergency EVAR of ruptured AAA:
both the observational analysis of the IMPROVE trial and the analysis of the UK NVR demonstrated
statistically significant reductions in mortality associated with the use of LA.3° The effect of mode of
anaesthesia on outcomes following elective EVAR is unknown. The 2019 ESVS Clinical Practice
Guidelines on the Management of Abdominal Aorto-lliac Artery Aneurysms recommend that
anaesthesia for elective EVAR be chosen according to local hospital routine practice, as well as
individual patient preference and assessment. These recommendations are based on evidence from a
small retrospective analysis published in 2015 (ENGAGE study),'® which demonstrated that there was
no significant difference in mortality between the three modes of anaesthesia.'® Conversely, a recent
systematic review comparing mortality across different modes of anaesthesia for EVAR found that
there may be some evidence to suggest that mode of anaesthesia, in particular RA for elective EVAR

and LA for emergency EVAR, is associated with improved outcomes.” However, the lack of high



quality randomised data introduces a significant risk of bias. An observational analysis of the
IMPROVE trial found that patients treated with EVAR for ruptured AAA using LA were discharged
home sooner, as well as their discharge destination being more often home, when compared to GA.®

Other contemporary authors have examined postoperative complications following EVAR and
their relationship to mode of anaesthesia. In recent analysis of the Vascular Quality Initiative from the
USA, the authors concluded that the use of LA for percutaneous elective EVAR was associated with
fewer pulmonary complications (OR 2.8, 95% CI 1.49 —5.43; p = .002).2

There remain difficulties in this subject concerning, firstly, the decision making and patient
selection behind the choice of mode of anaesthesia, and, secondly, the ambiguity in definitions of RA,
GA, and LA, particularly with regard to the addition of varying degrees of sedation to local or regional
techniques.”®

The lower mortality rate observed with RA for elective EVAR is replicated in this UK NVR
cohort of 9 783 patients undergoing elective, standard infrarenal EVAR. There was a trend towards a
mortality benefit for the LA group, but this did not reach statistical significance. The reduction in
pulmonary complications with the use of LA reported by Van Orden et al.!3 was not seen in this
cohort; indeed, the rate of pulmonary complications was similar in the three groups (Fig. 5).
Conversely, this analysis does support the finding from the IMPROVE trial analysis as patients
undergoing EVAR with LA or RA technique were discharged sooner.

The use of LA and RA in elective EVAR has been widely adopted throughout the UK, with 82
of the 89 hospitals performing at least one procedure under LA or RA. There was a trend towards the
higher volume centres performing more procedures under LA or RA; however, the proportion of cases
performed under LA or RA did not increase with case load (Fig. 3). Interestingly, the highest volume
centre performed most of its elective EVAR under GA (97% of cases). This is contrary to the findings
in emergency EVAR, where high volume centres were performing more cases under LA.°

As with any registry data, the NVR is limited by its observational nature, the data collected,
and the data completeness. While there are measures in place to ensure the internal and external
validity of the NVR, including range checks and ratifying case ascertainment with HES data
(estimated to be 89%),! the database is not independently externally validated, and HES data can be
unreliable, therefore limiting the validity of the database. The authors were unable to cross reference
the NVR with another external database to ensure its validity and this is important to consider when
interpreting the findings. Despite this significant limitation the data remain valuable and are intended
to generate clinical equipoise within the literature and lead to further high quality randomised studies.

Although the present study was able to account for patient factors through the inclusion of the

BAR score and the presence of chronic lung disease in our analyses, there are other potential



confounding factors that may influence the choice of mode of anaesthesia and outcome that were not
included and are not captured in the registry. Missing data are minimal in this cohort (< 2%), with the
exception of postoperative ICU admission, and multiple imputation was not considered necessary.
Data on postoperative ICU admission were missing in 1 675 GA, 363 RA, and 46 LA cases, which
may suggest that the true numbers admitted to ICU postoperatively are lower than reported here.

The decision making process surrounding the choice of anaesthetic technique for individual
patients remains unclear and is a potential source of significant selection bias. For example, the
method of vascular access (percutaneous or open cut down) may influence the choice of anaesthetic
technique and subsequent complications. It was not possible to investigate these factors as this
information is not captured by the NVR. Furthermore, there remains ambiguity and inconsistency in
the definition of anaesthetic techniques, particularly when intravenous sedation is used alongside LA
or RA. In a study conducted by Verhoeven et al.,!” up to 13% of patients receiving LA EVAR also
received intravenous sedation or analgesia,! but these data are not recorded by the NVR. Even within
GA different outcomes have been reported for total intravenous anaesthesia techniques when
compared with volatile anaesthetics.'® In addition, the NVR does not record when a procedure was
converted from one mode of anaesthesia to another, adding a further potential source of bias.

The NVR only collects mortality during the index hospital admission and any postdischarge
deaths within 30 days will have been missed. Any missing or inaccurate mortality data points could
potentially significantly affect the results as the numbers of deaths in each group are small. However, it
must be noted that in multiple high profile EVAR trials there is a negligible difference between 30 day
and in hospital mortality, suggesting that this is unlikely to be the case.®?2 Further to this, it is also
possible that some postoperative complications within the peri-operative period have not been
captured. With regard to the LA group, it may simply be too small to demonstrate significant
differences in mortality and morbidity. The NVR may have irreparable flaws in its conception but,
despite these limitations, the data remain valuable and represent the largest individual cohort of

elective EVAR analysed by mode of anaesthesia.

Conclusions

This study contributes to the expanding evidence base surrounding the choice of anaesthetic technique
for elective EVAR. It supports the current literature, ratifying the observed mortality benefit associated
with RA in elective EVAR but does not replicate the observed reduction in pulmonary complications
observed with LA in elective EVAR. This work is valuable in demonstrating the equipoise
surrounding the choice of anaesthetic technique for elective EVAR and the need for a high quality

randomised controlled trial comparing the different anaesthetic techniques.
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Table 1. Hospital use of anaesthesia according to abdominal aortic aneurysm (AAA) caseload

General anaesthesia

Regional anaesthesia

Local anaesthesia

Used for Not used for | Used for Not used for | Used for Not used for
elective elective elective elective elective elective
EVAR(n= |EVAR(h= |EVAR(n=|EVAR(n= |EVAR(n=|EVAR(n=
87) 2) 79) 10) 57) 32)

Total AAA | 40.7 (22.0- | 3.8 (1.0-6.5) | 41.3 (25.3— | 19.3 (6.5~ |53.0(35.0- | 21.5(9.3-

(average 71.3) 71.3) 38.3) 77.0) 33.2)

cases/year)

EVAR AAA | 37.3(20.7- | 2.0 (1.0-3.0) | 39.0 (23.0- | 17.8 (6.5~ | 46.3 (31.0— | 20.2 (8.9—

(average 53.7) 55.7) 29.0) 64.7) 30.7)

cases/year)

Total 37.7 (22.0- | 3.8(1.0-6.5) | 38.7 (22.7- | 19.0 (6.5~ |50.3(32.7- | 21.0 (9.3-

elective 65.7) 65.7) 38.0) 71.3) 30.5)

AAA

(average

cases/year)

EVAR 34.7 (20.0- | 2.0 (1.0-3.0) | 35.3(21.0- | 17.5(6.5~ |42 (28.7- | 19.5(8.9-

elective 49.7) 50.3) 27.7) 59.7) 28.2)

AAA

(average

cases/year)

Data are presented as median (interquartile range). EVAR= endovascular aneurysm repair.




Table 2. Patient and operative characteristics of patients receiving elective standard infrarenal

endovascular aneurysm repair (n =9 783)

GA(n=7 RA(N=2347) [LA(n=367) | SMD |SM
069) RA |D
VS LA
GA |vs
GA
Demographics
Mean + SD age — Y 76.2+7.2 77073 775+74 0.11 |0.19
Male 6229 (88.1) 2077 (88.5) 327 (89.1) 0.01 |0.03
Smoker
Current or stopped | 1 361 (19.3) | 420 (17.9) 60 (16.4) —0.04 | -
<2mo 0.07
Ex 4 455 (63.0) 1 540 (65.6) 256 (69.8) 0.05 |0.15
Never 1251 (17.7) | 387(16.5) 49 (13.4) —0.03 | -
0.12
ASA grade
| (normal) 65 (0.9) 20 (0.9) 1(0.3) —0.01 | -
0.08
Il (mild disease) | 1789 (25.3) | 498 (21.2) 58 (15.8) —0.10 | -
0.24
I (severe, not life | 4808 (68.0) | 1633 (69.6) 236 (64.3) 0.03 |-
threatening) 0.08
IV (severe, life | 403 (5.7) 195 (8.3) 70 (19.1) 010 |0.41
threatening)
V (moribund 2 (0.0) 1(0.0) 2 (0.5) 0.01 |0.10
patient)
Cardiovascular risk factors
Comorbidity on 6 219 (88.0) 2142 (91.3) 335 (91.3) 0.11 |0.11
admission (any)
Diabetes 1146 (16.2) | 401 (17.1) 67 (18.3) 0.02 |0.05
Hypertension 4874 (68.9) | 1655 (70.5) 270 (73.6) 0.03 |0.10




Stroke 503 (7.1) 147 (6.3) 32 (8.7) -0.03 | 0.06
Ischaemic heart disease 2 864 (40.5) 1014 (43.2) 187 (51.0) 0.05 |0.21
Chronic heart failure 361 (5.1) 181 (7.7) 59 (16.1) 0.11 |0.36
Chronic renal disease 938 (13.3) 373 (15.9) 58 (15.8) 0.08 |0.07
Chronic lung disease 1662 (23.5) 866 (36.9) 133 (36.2) 0.29 |0.28
AAA anatomy”
AAA diameter — mm? 60 (56-66) 60 (56-65) 60 (57-68) 0.02 |0.10
Neck length — mm? 23 (17-30) 24 (17-30) 23 (17-30) -0.01 | -
0.03
Neck diameter — mm® 24 (22-27) 24 (22-26) 24 (21-27) -0.07 | -
0.10
Common iliac artery 15 (13-18) 15 (13-18) 15 (12-18) -0.02 | -
diameter — mm/! 0.06
BAR score' 0.98 (0.56— 1.10 (0.63- 1.44 (0.78- 0.14 ]0.43
1.76) 2.00) 2.62)

Data are presented as n (%) or median (interquartile range). GA = general anaesthesia; RA = regional

anaesthesia; LA = local anaesthesia; SMD = standardised mean difference; AAA = abdominal aortic

aneurysm. “Data missing for 32 patients (GA: 25; RA: 6; LA: 1). 'Data missing for one patient (GA: 1;
RA: 0; LA: 0). *Data missing for 212 patients (GA: 195; RA: 13; LA: 4). 3Data missing for 208
patients (GA: 191; RA: 13; LA: 4). IData missing for 206 patients (GA: 190; RA: 13; LA: 3). 'Data

missing for 104 patients (GA: 88; RA: 12; LA: 4).




Table 3. Postoperative outcomes for elective endovascular aneurysm repair

GA (n =7 069) RA (n =2 347) LA (n = 367)

Outcomes
In hospital death 50 (0.9) 11 (0.6) 3(1.5)
within 30 d*

7 d mortality 0.57 (0.4-0.8) 0.3 (0.1-0.6) 0.4 (0.1-2.6)
30 d mortality 0.9 (0.7-1.2) 0.6 (0.3-1.1) 1.5(0.54.7)
Postoperative LOS — | 2.0 (2.0-4.0) 2.0 (1.0-4.0) 2.0 (1.0-4.0)
ght

Admitted to ICUS 1618 (30.0) 720 (36.3) 123 (38.3)

If yes, ICU stay — 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0)
dht

Re-admission within | 340 (5.8) 142 (6.8) 34 (10.9)

30 days of

discharge™*

Complications* GA (n=7068) RA (n =2 346) LA (n=367)
Cardiac 136 (1.9) 36 (1.5) 8(2.2)
complications
Pulmonary 163 (2.3) 63 (2.7) 11 (3.0)
complications
Cerebral 12 (0.2) 6 (0.3) 1(0.3)
complications
Renal failure 98 (1.4) 38 (1.6) 5(1.4)
Bleeding 74 (1.0) 15 (0.6) 4(1.1)

No. of

complication

S
0 5504 (77.9) 1953 (83.2) 302 (82.3)
1 1439 (20.4) 357 (15.2) 57 (15.5)
2 101 (1.4) 31(1.3) 6 (1.6)
3 23 (0.3) 5(0.2) 0 (0.0)
4 1(0.0) 0 (0.0 2 (0.5)




Endoleak!! 1231 (17.6) 276 (11.8) 48 (13.1)
Endoleak type'
1 368 (29.9) 79 (28.6) 17 (35.4)
2 776 (63.0) 185 (67.0) 24 (50.0)
3 29 (2.4) 5 (1.8) 2 (4.2)
4 27 (2.2) 2(0.7) 3(6.3)
Unclassified | 31 (2.5) 5(1.8) 2(4.2)

Data are presented as n (%) or percentage (95% confidence interval) unless otherwise stated.
GA = general anaesthesia; RA = regional anaesthesia; LA = local anaesthesia; LOS = length
of stay; ICU = intensive care unit. "GA: n =5 825; RA: n =2 074; LA: n = 313. 'Data are
median (interquartile range). *Estimated using survival methods with patients censored if they
died in hospital. SExcluding patients that died in theatre. IGA: n = 6 992; RA: n = 2 343; LA:
n=2367."GA: n=1231; RA: n =276; LA: n = 48.
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FIGURE LEGENDS

Figure 1. British Aneurysm Repair score.*?

Figure 2. Elective endovascular aneurysm repair (EVAR): study profile. AAA = abdominal
aneurysm repair. “'n = 2 306/7 520 for ruptured AAA.

Figure 3. Number of elective standard infrarenal endovascular aneurysm repair procedures
by hospital. LA = local anaesthesia; GA = general anaesthesia; RA = regional anaesthesia.

Figure 4. In hospital mortality to 30 days. RA = regional anaesthesia; GA = general

anaesthesia; LA = local anaesthesia.

Figure 5. Comparison of outcomes between groups. LA = local anaesthesia; GA = general
anaesthesia; RA = regional anaesthesia; HR = hazard ratio; Cl = confidence interval; OR =

odds ratio; ICU = intensive care unit.



Figures ( see Fig 5 below) Click here to access/download;Figure(s);Figures no redline

6.1.20.docx
Figure 1. British Aneurysm Repair Score 2
Risk Factors
Type of Repair Open / EVAR
Age Years
Gender Male / Female
Serum Creatinine Normal (£120umol/L)
Abnormal (> 120umol/L)
Cardiac Disease (Ischaemic Heart Disease or Cardiac Failure) No / Yes
Abnormal ECG No / Yes
Previous aortic surgery or stent No / Yes
White cell count (x 1079) Normal (3.0 and <11.0)
Abnormal (<3.0 or >11.0)
Serum sodium (mmol/L) Normal (2135 and <145)
Abnormal (<135 or >145)
AAA diameter (cm) Continuous variable
ASA grade 1,0, 1, v

EVAR= Endovascular Aneurysm Repair. ECG= Electrocardiogram. AAA= Abdominal aortic aneurysm. ASA=
American Society of Anaesthesiologists.

Reference 12: Grant SW, Hickey GL, Grayson A D, Mitchell DC, McCollum CN, National risk prediction model for
elective abdominal aortic aneurysm repair. Br J Surg. 2013; 100:645-653.


https://www.editorialmanager.com/ejves/download.aspx?id=756496&guid=2598887f-8758-4193-af41-f4f909cca9e4&scheme=1
https://www.editorialmanager.com/ejves/download.aspx?id=756496&guid=2598887f-8758-4193-af41-f4f909cca9e4&scheme=1

Figure 2. Elective EVAR: study profile

Patients for AAA repair between Jan
2014 and Dec 2016 (n=20936)

Patients excluded (n=7582)
Open repair (n=7520")
Revision open repair (n=62)

Patients receiving an EVAR
procedure (n=13354)

Patients excluded (n=2776)
Complex EVAR (n=2283)
Revision EVAR (n=431)
Chronic dissection (n=25)
Acute dissection (n=21)

Unknown (n=1)

Patients receiving a standard infra-
renal EVAR procedure (n=10578)

Patients excluded (n=795)
Ruptured (n=795)

Patients receiving elective standard
infra-renal EVAR AAA repair (n=9783)

Local anaesthesia General anaesthesia Regional anaesthesia
(n=367) (n=7069) (n=2347)

AAA= abdominal aortic aneurysm. EVAR= endovascular aneurysm repair. * 2306/7520 for ruptured AAA.



Figure 3. Number of elective standard infra-renal EVAR procedures by hospital, with hospital on the
X axis and number of cases on the Y axis. Each bar is divided into colours which represent the
proportion of cases performed by mode of anaesthesia.
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EVAR= Endovascular aneurysm repair. RA= Regional Anaesthesia. GA= General anaesthesia. LA= Local
anaesthesia.



Figure 4. In-hospital mortality to 30-days.

30-day mortality
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Figure 5. Comparison of outcomes between groups.
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Figure 3. Number of elective standard infra-renal EVAR procedures by hospital, with hospital on the
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X axis and number of cases on the Y axis. Each bar is divided into colours which represent the

proportion of cases performed by mode of anaesthesia.
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EVAR= Endovascular aneurysm repair. RA= Regional Anaesthesia. GA= General anaesthesia. LA= Local
anaesthesia.
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Figure 4, In-hospital mortality to 30-days,,

30-day mortality
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Figure 5, Comparison of outcomes between groups.,
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Risk factors

Type of repair Open/EVAR

Age Years

Sex Male/female

Serum creatinine Normal (<120 pmol/L)

Abnormal (> 120

pumol/L)

Cardiac disease (ischaemic heart disease or cardiac failure) No/yes

Abnormal ECG No/yes

Previous aortic surgery or stent No/yes

White cell count — x10° Normal (> 3.0 and <
11.0)

Abnormal (< 3.0 or >
11.0)

Serum sodium — mmol/L Normal (> 135 and <
145)

Abnormal (< 135 or >
145)

AAA diameter —cm Continuous variable
ASA grade (I IV

EVAR = endovascular aneurysm repair; ECG = electrocardiogram; AAA = abdominal aortic

aneurysm; ASA = American Society of Anaesthesiologists.
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Figure 2.
Patients for AAA repair between
January 2014 and December 2016 (n
=20936)
Patients excluded (n = 7 582)
Open repair (n =7 520)°
Revision open repair (n = 62)
Patients receiving an EVAR
procedure (n = 13 354)
Patients excluded (n = 2 776)
Complex EVAR (n = 2 283)
Revision EVAR (n = 431)
Chronic dissection (n = 25)
Acute dissection (n = 21)
Unknown (n =1)
Patients receiving a standard
infrarenal EVAR procedure (n =10
578)
Patients excluded (n = 795)
Ruptured (n = 795)
Patients receiving elective standard
infrarenal EVAR AAA repair (n=9
Local anaesthesia (n General anaesthesia Regional anaesthesia

=367) (n=7069) (n=2347)
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Figure 4.
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Table 1. Hospital use of anaesthesia according to abdominal aortic aneurysm (AAA) caseload.

General Anaesthesia

Regional Anaesthesia Local Anaesthesia

Used for Not used for Used for Not used for Used for Not used for
elective elective EVAR elective elective EVAR elective elective EVAR
EVAR (n=87) (n=2) EVAR (n=79) (n=10) EVAR (n=57) (n=32)
Total AAA
40.7 (22.0, 41.3 (25.3, 19.3 (6.5, 53.0(35.0,
(average 71.3) 3.8(1.0, 6.5) 71.3) 38.3) 77.0) 21.5(9.3, 33.2)
cases/year)
EVAR AAA
37.3(20.7, 39.0(23.0, 17.8 (6.5, 46.3 (31.0,
(average. 53.7) 2.0(1.0, 3.0) 55.7) 29.0) 64.7) 20.2 (8.9, 30.7)
cases/year)
Total elective
37.7 (22.0, 38.7 (22.7, 19.0 (6.5, 50.3 (32.7,
AAA .8 (1.0, 6. .0 (9. .
(average 65.7) 3.8(1.0, 6.5) 65.7) 38.0) 71.3) 21.0 (9.3, 30.5)
cases/year)
EVAR elective
34.7 (20.0, 35.3(21.0, 17.5 (6.5, 42 (28.7,
AAA (average 49.7) 2.0(1.0, 3.0) 50.3) 27.7) 59.7) 19.5 (8.9, 28.2)

cases/year)

Data are presented as median (Interquartile range). AAA= Abdominal aortic aneurysm. EVAR= Endovascular aneurysm

repair.
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Table 2. Patient and operative characteristics of patients receiving elective standard infra-renal EVAR (n=9783)

General Regional Local SMD SMD
Anaesthesia Anaesthesia Anaesthesia RAvs LAvs
n=7069 n=2347 n=367 GA GA
DEMOGRAPHY"
Age (years)®  Mean (SD) 76.2 (7.2) 77.0 7.3 77.5 (7.4) 011  0.19
Male 6229  (88.1) 2077 (88.5) 327  (89.1) 001  0.03
Smoker Currentorstopped <2 1301 (19.3) 420 (17.9) 60  (16.4) -0.04 -0.07
months
Ex 4455  (63.0) 1540 (65.6) 256  (70.1)  0.05  0.15
Never 1251 (217.7) 387 (16.5) 49 (13.4) -0.03 -0.12
ASA grade I: Normal 65 (0.9) 20 (0.9) 1 (0.3) -0.01  -0.08
II: Mild disease 1789  (25.3) 498 (21.2) 58 (15.8) -0.10 -0.24
L:LZEZ:;?&““ life- 4808  (68.0) 1633  (69.6) 236  (64.3) 0.03  -0.08
IV: Severe, life-
threatening 403 (5.7) 195 (8.3) 70 (19.1) 0.10 0.41
V: Moribund patient 2 (0.0) 1 (0.0) 2 (0.5) 0.01 0.10
CARDIOVASCULAR RISK FACTORS"
Comorbidity on admission (any) 6219 (88.0) 2142 (91.3) 335 (91.3) 0.11 0.11
Diabetes 1146  (16.2) 401 (17.1) 67 (183) 002  0.05
Hypertension 4874 (68.9) 1655 (70.5) 270 (73.6) 0.03 0.10
Stroke 503 (7.1) 147 (6.3) 32 (8.7) -0.03 0.06
Ischaemic heart disease 2864 (40.5) 1014 (43.2) 187 (51.0) 0.05 0.21
Chronic heart failure 361 (5.1) 181 (7.7) 59 (16.1) 0.11 0.36
Chronic renal disease 938 (13.3) 373 (15.9) 58 (15.8) 0.08 0.07
Chronic lung disease 1662 (23.5) 866 (36.9) 133 (36.2) 0.29 0.28
AAA ANATOMY'
AAA diameter (mm) 1 60 (56, 66) 60 (56,65) 60  (57,68) 0.02  0.10
Neck length (mm)$ 23 (17,30) 24 (17,300 23 (17,30) -0.01 -0.03
Neck diameter (mm)* 24 (22, 27) 24 (22, 26) 24 (21, 27) -0.07 -0.10
Common iliac artery 15 (13,18) 15  (13,18) 15 (12,18) -0.02 -0.06
diameter (mm) ~
BRITISH ANEURYSM REPAIR SCORE (BAR SCORE) '
BAR score’ 0.98 (:3'7566)' 1.10 (20‘.06;)’ 1.44 (§g28)’ 0.14 0.43

Data are presented as n (%)" or median (Interquartile range) " unless otherwise stated. RA= Regional Anaesthesia. GA=

General Anaesthesia. LA = Local Anaesthesia. SMID = Standardized mean difference. EVAR = Endovascular aneurysm
repair. AAA= abdominal aortic aneurysm.

Missing data (GA, RA, LA): ¥ Data missing for 32 patients (25, 6, 1), ¥ data missing for 1 patient (1, 0, 0), $ data missing for
212 patients (195, 13, 4), * data missing for 208 patients (191, 13, 4), ~ data missing for 206 patients (190, 13, 3), " data

missing for 104 patients (88, 12, 4)



Table 3. Post-operative outcomes for elective EVAR.

General Anaesthesia

Regional Anaesthesia

Local Anaesthesia

n=7069 n=2347 n=367
OUTCOMES
In hospital death within 30-days’ 50 (0.9) 11 (0.6) 3 (1.5)
7-day mortality® 0.57 (0.4,0.8) 0.3 (0.1, 0.6) 0.4 (0.1, 2.6)
30-day mortality® 0.9 (0.7,1.2) 0.6 (0.3,1.1) 1.5 (0.5,4.7)
Post-op LOS
(days) ** 2.0 (2.0, 4.0) 2.0 (1.0, 4.0) 2.0 (1.0, 4.0)
QdUTLttEd to 1618 (30.0) 720 (36.3) 123 (38.3)
If yes, ICU stay 1.0 (1.0, 2.0) 1.0 (1.0, 2.0) 1.0 (1.0, 2.0)
(days) *1
Rgadmlssion within 30 days of 340 (5.8) 142 (6.8) 31 (10.9)
discharge
COMPLICATIONS' n=7068 n=2346 n=367
Cardiac complications 136 (1.9) 36 (1.5) 8 (2.2)
Pulmonary 163 (2.3) 63 (2.7) 11 (3.0)
complications
Cerebral 12 (0.2) 6 (0.3) 1 (0.3)
complications
Renal failure 98 (1.4) 38 (1.6) 5 (1.4)
Bleeding 74 (1.0) 15 (0.6) 4 (1.1)
Number of None 5504 (77.9) 1953 (83.2) 302 (82.3)
complications 1 1439 (20.4) 357 (15.2) 57 (15.5)
2 101 (1.4) 31 (1.3) 6 (1.6)
3 23 (0.3) 5 (0.2) 0 (0.0)
4 1 (0.0) 0 (0.0) 2 (0.5)
Endoleak* 1231 (17.6) 276 (11.8) 48 (13.2)
Endoleak type Type 1 368 (29.9) 79 (28.6) 17 (35.4)
Type 2 776 (63.0) 185 (67.0) 24 (50.0)
Type 3 29 (2.4) 5 (1.8) 2 (4.2)
Type 4 27 (2.2) 2 (0.7) 3 (6.3)
Unclassified 31 (2.5) 5 (1.8) 2 (4.2)

Data are presented as n (%), percent (95% confidence interval)® and median (Interquartile range)" unless otherwise
stated. RA= Regional Anaesthesia. GA= General Anaesthesia. LA = Local Anaesthesia. LOS= Length of Stay. ICU=
Intensive care unit. EVAR= Endovascular aneurysm repair. * estimated using survival methods with patients censored
if they died in hospital. » excluding patients that died in theatre. *GA: n=6992 RA: n=2343 LA: n=367. GA: n=1231 RA:

n=276 LA: n=48.



Appendix 1
Data available from the NVR registry.

Hospital code, sex, age at time of surgery, mode of admission, weight, height, AAA size, previous aortic
operation, comorbidities (diabetes, hypertension, chronic lung disease, ischaemic heart disease, chronic
heart failure, chronic renal disease, stroke), smoking status, white cell count, sodium, potassium,
creatinine, albumin, haemoglobin, abnormal ECG, ASA grade, pre-operative medication, month and year of
procedure, day of procedure, start time, AAA status, type of repair, anaesthetic type, procedure code 1,
EVAR exclusion, type of EVAS device, neck angle, neck diameter, neck length, extended EIA, CIA diameter,
type of complex EVAR, iliac branch, endoleak type, endoleak intervention, endoleak intervention success,
AAA clamp site, AAA graft type, direct arterial monitoring, intraoperative cardiac output monitoring,
postoperative coagulopathy, postoperative core temperature > 36°C, patient reported severe pain within 1
hour of surgery, postoperative vomiting within 3 hours, destination after surgery, critical care stay, return
to theatre within admission, re-admission to higher level of care, postoperative complications (cardiac,
respiratory, cerebral, renal failure, haemorrhage, limb ischaemia, paraplegia, bowel ischaemia, puncture
site haematoma, false aneurysm, vessel perforation, distal embolus), discharge status (alive of discharge),
re-admission to hospital within 30 days, date clinic appointment attended, reason for no follow-up, length
of stay, post-operative length of stay, vascular specialist 1, vascular specialist 2, vascular specialist 3.
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Table 1. Hospital use of anaesthesia according to AAA-abdominal aortic aneurysm (AAA) caseload. N {Formatted: Font: Not Bold }
General Anaesthesia Regional Anaesthesia Local Anaesthesia « :?"V"\;:jttt:d;;‘;ﬁf: :e?:htR'ﬂ‘Zgow Top: 1", Bottom: ‘
Used for Not used for Used for Not used for Used for Not used for { F tted: Font: Not Bold }
elective elective EVAR elective elective EVAR elective elective EVAR ormattec: Font Mot Bo
EVAR (n=87) (n=2) EVAR (n=79) (n=10) EVAR (n=57) (n=32) ( Formatted Table )
Median 4QR)  Medi AR MedianHQR) Median{lQR) Median{lQR)  Medi QR)
Total AAA
40.7 (22.0, 41.3(25.3, 19.3 (6.5, 53.0(35.0,
(average 713) 3.8(1.0,6.5) 713) 38.3) 77.0) 21.5(9.3,33.2)
cases/year)
EVAR AAA 37.3(20.7 39.0(23.0, 17.8 (6.5 46.3 (31.0
(average. 53.7) 2.0(1.0,3.0) 55.7) 29.0) 64.7) 20.2 (8.9, 30.7)
cases/year)
Total elective
37.7(22.0, 38.7(22.7, 19.0 (6.5, 50.3 (32.7,
AAA . . . . . .
(average 65.7) 3.8 (1.0, 6.5) 65.7) 38.0) 713) 21.0(9.3,30.5)
cases/year)
EVAR elective
34.7 (20.0, 35.3(21.0, 17.5 (6.5, 42 (28.7,
AAA (average 49.7) 2.0(1.0,3.0) 50.3) 27.7) 59.7) 19.5 (8.9, 28.2)
cases/year)
Data are presented as median (Interquartile range). AAA= Abdominal aortic aneurysm. EVAR= Endovascular aneurysm {Formatted: Font: 10 pt }
repair.
‘4 ' {Formatted: Font: 10 pt, Not Bold }
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Table 2. Patient eharacteristies-and operative characteristics of patients receiving elective standard infra-renal

EVAR (n=9783)

{Formatted: Font: Not Bold

GA-General RA-Regional tA-Local SMD  SMD <« { Formatted Table
Anaesthesia Anaesthesia Anaesthesia RAvs LAvs
{n=7069) {n=2347) {n=367) GA GA
DEMOGRAPHY-, [ Formatted: Superscript
Age (years)*2  Mean (SD) 76.2 (7.2) 77.0 7.3 775  (7.4) 011  0.19
6229/7 ., 207742 . 327/ .
Male oeo  (88L% T UT  (885)% T (89.1)% 001 0.3
Current or stopped <2 1361/7 o 420/23 N 6043 o
Smoker months ey 1193)% peh 179)% "L (164)% 004 007
4455/7 ., 154072 ., 256/ .
Ex ooy (630% T 0T (656)% .0 (701)% 005 015
125147 ., 387/23 . 493 .
Never ey L17.7)% gl (165)% "L (134)% 003 012
ASA grade I: Normal 65 2 (0.9)% 20 2 (0.9)% 1/;36 (0.3)% -0.01 -0.08
e 178947 ., 49823 ., 583 .
II: Mild disease gy (253)% peh (12)% 707 (158)% 010 024
Ill: Severe, not life- 480847 o 1633/2 o 236/ o
threatening osy 6808 TTUCT  (696)% 0 (643)% 003 -0.08
IV: Severe, life- 403/70 o 195/23 o 70/3 o
threatening ps (5.7)% ph 83s% 7 (19.0)% 010 041
V: Moribund patient  2/7067  (0.0)%  1/2347  (0.0)% 2’5’6 (05)% 001 0.0
CARDIOVASCULAR RISK FACTORS, [Formatted; Superseript
. L 6219/7 L, 214272 ., 335/ .
Comorbidity on admission (any) 069 (88.0)% 247 (91.3)% 367 (91.3)% 0.11 0.11
. 1146/7 ., 40123 ., 6783 .
Diabetes ose  116:2)% gl (72)%  °J7 (183)% 002 0.05
. 48747 ., 165542 ., 270f .
Hypertension 059 (68.9)% 242 (70.5)% 267 (73.6)% 0.03 0.10
503/70 ., 147/23 . 32/3 .
Stroke P (7.1)% 4z (6.3)% o7 (8.7)% -0.03 0.06
' . 2864/7 ,  lo1a/2 ., 1874 .
Ischaemic heart disease 069 (40.5)% 247 (43.2)% 267 (51.0)% 0.05 0.21
) . 361/70 ., 181723 . 593 .
Chronic heart failure P (5.1)% 22 (7.7)% e (16.1)% 0.11 0.36
) ' 938/70 37323 ., 5843 5
Chronic renal disease ey (13.3)% a2 (15.9)% P (15.8)%  0.08 0.07
. . 166247 ., 866/23 ., 1334 5
Chronic lung disease 059 (23.5)% 4z (36.9)% 267 (36.2)% 0.29 0.28
AAA ANATOMY*
AAA diameter (mm) 1% ,',ff"a 60 (56, 66) 60 (56,65) 60 (57,68) 0.02  0.10 { Formatted: Superscript
HRF
Neck length (mm)-£* edia 23 (17, 30) 24 (17,30) 23 (17,30) -0.01 -0.03
Neck diameter (mm) ,',ff\a 24 (22,27) 24 (22,26) 24  (21,27) -007 -0.10 [Formatted: Superscript
Ry
Common iliac artery ]
diameter (mm) ~ 15 (13, 18) 15 (13,18) 15  (12,18) -0.02 -0.06
BRITISH ANEURYSM REPAIR SCORE (BAR SCORE)i
o Median (0.56, (0.63, (0.78,
BAR score 0.98 1.10 1.44 0.14 043 {Formaﬂed; Font: 11 pt, Superscript
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Table 3. Post-operative outcomes for elective EVAR.

{Formatted: Font: Not Bold

G-A-_Gener::)l RA-Regional |on.al LA-Local Anaesthesia
Anaesthesia Anaesthesia W
{n=7069) {n=2347) B
OUTCOMES
L 58 13 4
In hospital death within 30-days® 50 0.9 11 0.6 3 1.5
7-day mortality® S 0.57% (0.4,0.8) 0.3% (0.1, 0.6) 0.4% (0.1, 2.6)
30-day mortality®  %-{95%-CH} 0.9% (0.7,1.2) 0.6% (03,1.1)  1.5% (0.5,4.7)
Post-op LOS bkt
(days) 1 N 2.0 (2.0, 4.0) 2.0 (1.0, 4.0) 2.0 (1.0, 4.0)
fgﬂ'fted to 1618/5394  (30.0)%  720/1984  (36.3)%  123/321  (38.3)%
If yes, ICU stay bobeede 1.0 (1.0, 2.0) 1.0 (1.0, 2.0) 1.0 (1.0, 2.0)
(days) ** HaRp
:;ii:‘r';'f" within 30 days of 340/5825  (5.8)%  142/2074  (6.8)%  34/313  (10.9)%
COMPLICATIONS® n=7068 n=2346 n=367
Cardiac complications 136/7068 (1.9)% 36/2346 (1.5)% 8/367 (2.2)%
Pulmonary o o o
complications 163/7068 (2.3)% 63/2346 (2.7)% 11/367 (3.0)%
Cerebral o o o
complications 12/7068 (0.2)% 642346 (0.3)% 1/367 (0.3)%
Renal failure 98/7068 (1.4)% 38/2346 (1.6)% 5/367 (1.4)%
Bleeding 74/7068 (1.0)% 15/2346 (0.6)% 4/367 (1.1)%
Number of None 5504 (77.9 1953 83.2) 302 (82.3)
complications 1 1439 (20.4) 357 15.2) 57 (15.5
2 101 (1.4) 31 (1.3) 6 (1.6)
3 23 0.3 5 0.2 0 0.0
4 1 (0.0) 0 (0.0) 2 (0.5)
Endoleak? 1231/6992  (17.6)%  276/2343  (11.8)%  48/363 (13.2)%
Endoleak type- Type 1 368/4231  (29.9)% 794276 (28.6)%  17/48 (35.4)%
Type 2 776/4231  (63.0)% 185/276  (67.0)%  24/48 (50.0)%
Type 3 29/4231 (2.4)% 5/276 (1.8)% 2/48 (4.2)%
Type 4 27/4231 (2.2)% 2/276 (0.7)% 3/48 (6.3)%
Unclassified 3144231 (2.5)% 5/276 (1.8)% 2/48 (4.2)%

Data are presented as n (%), percent (95% confidence interval)® and median (Interquartile range)" unless otherwise

stated. RA= Regional Anaesthesia. GA= General Anaesthesia. LA = Local Anaesthesia. LOS= Length of Stay. ICU=

Intensive care unit. EVAR= Endovascular aneurysm repair.RA—regional-anaesthesia GA—generalanaesthesia, tA

* estimated using survival methods with patients censored if they died in hospital.-
A excluding patients that died in theatre. FGA: n=6992 RA: n=2343 LA: n=367. GA:n=1231 RA: n=276 LA: n=48.
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Appendix 1
Data available from the NVR registry.

Hospital code, sex, age at time of surgery, mode of admission, weight, height, AAA size, previous aortic
operation, comorbidities (diabetes, hypertension, chronic lung disease, ischaemic heart disease, chronic
heart failure, chronic renal disease, stroke), smoking status, white cell count, sodium, potassium,
creatinine, albumin, haemoglobin, abnormal ECG, ASA grade, pre-operative medication, month and year of
procedure, day of procedure, start time, AAA status, type of repair, anaesthetic type, procedure code 1,
EVAR exclusion, type of EVAS device, neck angle, neck diameter, neck length, extended EIA, CIA diameter,
type of complex EVAR, iliac branch, endoleak type, endoleak intervention, endoleak intervention success,
AAA clamp site, AAA graft type, direct arterial monitoring, intraoperative cardiac output monitoring,
postoperative coagulopathy, postoperative core temperature > 36°C, patient reported severe pain within 1
hour of surgery, postoperative vomiting within 3 hours, destination after surgery, critical care stay, return
to theatre within admission, re-admission to higher level of care, postoperative complications (cardiac,
respiratory, cerebral, renal failure, haemorrhage, limb ischaemia, paraplegia, bowel ischaemia, puncture
site haematoma, false aneurysm, vessel perforation, distal embolus), discharge status (alive of discharge),
re-admission to hospital within 30 days, date clinic appointment attended, reason for no follow-up, length
of stay, post-operative length of stay, vascular specialist 1, vascular specialist 2, vascular specialist 3.
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Appendix 1
Data available from the NVR registry.

Hospital code, sex, age at time of surgery, mode of admission, weight, height, AAA size, previous
aortic operation, comorbidities (diabetes, hypertension, chronic lung disease, ischaemic heart
disease, chronic heart failure, chronic renal disease, stroke), smoking status, white cell count,
sodium, potassium, creatinine, aloumin, haemoglobin, abnormal ECG, ASA grade, pre-operative
medication, month and year of procedure, day of procedure, start time, AAA status, type of repair,
anaesthetic type, procedure code 1, EVAR exclusion, type of EVAS device, neck angle, neck diameter,
neck length, extended EIA, CIA diameter, type of complex EVAR, iliac branch, endoleak type,
endoleak intervention, endoleak intervention success, AAA clamp site, AAA graft type, direct arterial
monitoring, intraoperative cardiac output monitoring, postoperative coagulopathy, postoperative
core temperature 2 36°C, patient reported severe pain within 1 hour of surgery, postoperative
vomiting within 3 hours, destination after surgery, critical care stay, return to theatre within
admission, re-admission to higher level of care, postoperative complications (cardiac, respiratory,
cerebral, renal failure, haemorrhage, limb ischaemia, paraplegia, bowel ischaemia, puncture site
haematoma, false aneurysm, vessel perforation, distal embolus), discharge status (alive of
discharge), re-admission to hospital within 30 days, date clinic appointment attended, reason for no
follow-up, length of stay, post-operative length of stay, vascular specialist 1, vascular specialist 2,
vascular specialist 3.
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