Endovascularvs. Open Repairfor Abdominal AorticAneurysm: Systematic Reviewand Meta-analysis
of Updated Peri-operative and Long Term Data of Randomised Controlled Trials

Objectives

The objective was to investigate whether endovascularaneurysmrepair (EVAR) has better peri-
operative and late clinical outcomes than open repairfornon-ruptured abdominalaorticaneurysm.

Methods

Electronicbibliographicsources (MEDLINE, EMBASE, and CENTRAL) were searched up to July 2019
using a combination of thesaurus and free text terms to identify randomised controlled trials (RCTs)
comparingthe outcomes of EVARand openrepair. The systematicreviewwas conducted according
to the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. Pooled
estimates of dichotomous outcomes were calculated using odds ratio (OR) orrisk difference (RD)
and 95% confidence interval (Cl). Atime to event data meta-analysis was performed using the
inverse variance method and the results werereported as summary hazard ratio (HR) and 95% ClI.

Results

Seven RCTsreporting a total of 2 983 patients were included in quantitative synthesis. Three of the
trialsreported longterm follow up that extended to 15.8 years, 14.2 years, and 12.5 years. Meta-
analysis found significantly lower odds of 30 day (OR, 0.36; 95% Cl 0.20—0.66) and in hospital
mortality with EVAR (RD—-0.03; 95% Cl —0.04 to -0.02). Meta-analysis of the three trials reporting
longtermfollow up found no significant differencein all cause mortality atany time between EVAR
and openrepair (HR 1.02; 95% Cl 0.93-1.13; p =.62). The hazard of all cause (HR0.62; 95% Cl 0.42—
0.91) and aneurysm related death within six months (HR 0.42; 95% Cl 0.24-0.75) was significantly
lowerin patients who underwent EVAR, but with furtherfollow up, the pooled hazard estimate
moved in favour of opensurgery;inthe longterm (>8 years) the hazard of aneurysm related
mortality was significantly higher after EVAR (HR 5.12; 95% Cl 1.59-16.44). The risk of secondary
intervention (HR 2.13; 95% Cl 1.69-2.68), aneurysm rupture (OR, 5.08; 95% Cl 1.11-23.31), and
death due to rupture (OR, 3.57; 95% Cl 1.87-6.80) was significantly higherafter EVAR, but the risk of
death due to cancer was not significantly different between EVAR and open repair (OR, 1.03; 95% ClI
0.84-1.25).

Conclusions

Compared with opensurgery, EVARresultsin abetter outcome during the first six months but
carries an increased risk of aneurysm related mortality after eight years.

What this paperadds



Following the recent National Institute for Health and Care Excell ence draft guidance proposing that
patients should not be offered endovascular aneurysmrepair (EVAR) if open surgical repairis
suitable, longterm data of randomised controlled trials, with follow up of up to 15 years, have been
published. Thisreview is the firsttoinclude the most updated dataand use time to event meta-
analytical methods. Significantly lower odds of peri-operative mortality were confirmed with EVAR.
The hazard of all cause and aneurysm related death within six months of surgery was significantly
lowerafter EVAR, but with furtherfollow up the pooled hazard estimate moved in favour of open
surgery;inthe longterm (>8 years), the hazard of aneurysm related mortality was significantly
higherin patients who underwent EVAR. The risk of secondary intervention, aneurysm rupture, and
death due to rupture was significantly higher after EVAR, but there was no significant difference in
the risk of death due to cancer.

Introduction

Abdominal aorticaneurysm (AAA) repairis a majorcomponentof vascular service provision. The
prevalence of AAAin men 65 years of age attending the Swedish nationwide AAA screening
programme ina contemporary setting was 1.5%.1 Aftera mean of 4.5 years, 29% of patients had
surgery for AAA, with a 30 day mortality of 0.9%.1 Despite the application of nationalscreening
programmesin several countries, AAA remains asignificant healthcare burden across the world with
a considerable associated mortality. Inalarge Swedish registry based cohort study, the AAA
mortality was 36 deaths per 100 000 men aged 65—74 yearsin the early 2000s droppingto 10 deaths
per100 000 men of the same age in 2015.2

The past couple of decades have witnessed the advent and evolution of endovascularaneurysm
repair (EVAR), which has become an established less invasive treatment with amarked improvement
in peri-operative morbidity, mortality, and recovery compared with traditional surgery. From 2009
to 2013, an increase was observed inthe proportion of repairs being performed as endovascu lar
proceduresinthe UK (54% in 2009 risingto 66% in 2013), and thistrend has stabilised over the last
few years, with EVAR procedures accounting for 68% of the elective infrarenal AAArepairsin 2017.3
However, recent studies have shown thatthe early survival benefit of EVAR decreases oris evenlost
overtime, with EVAR carrying a higherrisk of rupture and secondary intervention than open surgical
repairinthe longterm.4,5As a result, the UK's National Institute for Health and Care Excellence
(NICE) issued adraft guidance on AAA diagnosis and management with the notable recommendation
that patients should not be offered EVARif open surgical repairis suitable.6 This recommendation
has led to much debate around the optimal treatment of unruptured AAA and has cast a shadow
overthe potential benefits of EVAR.

Long term results of randomised controlled trials (RCTs) with follow up of up to 15 years have been
publishedrecently.5,7,8 In view of the absence of a systematicreview and meta-analysis of the most
updatedlongterm outcome dataand the global ongoing controversy overthe potential benefits of



EVAR, a meta-analysis was undertaken of published high quality long term data of EVARvs. open
surgical repairforunruptured AAA. Such analysis will produce more precise and powerfuloutcome
estimatesthan the individual RCTs and help inform decision making.

Objectives

The objective was toinvestigate whether EVAR has better peri-operative and late clinical outcomes
than openrepairforunruptured AAA.

Methods
Review design

The objectivesand methodology of the review were pre-specified in a protocol. The review was
conducted and reportedinaccordance with the Preferred Reporting Items for Systematicreviews
and Meta-Analyses (PRISMA) guidelines.9

Criteriafor considering studies for this review

Types of studies

RCTs comparing outcomes of EVARvs. openrepairin patients with unruptured infrarenal AAA.

Types of participants

Male or female patients of any age who were diagnosed with AAA and underwent elective standard
EVAR or openrepair. Patients with symptomaticorruptured AAA and those who required complex
endovascular procedures for the treatment of AAA were notincluded.

Typesofinterventions

Intervention of interest: EVAR

Control intervention: open aneurysm repair



Types of outcome measures

Primary outcomes

30 day and in hospital mortality

All cause mortality

Aneurysm related mortality

Secondary outcomes

Re-intervention

Afterinterrogation of included studies, additional secondary outcomes were defined:

aneurysmrupture

death due to aneurysm rupture

death due to malignancy



Search methods foridentification of studies

The literature search strategy was developed by the reviewauthorteamin collaboration with a
clinical information specialist. Studies related to the subject were identified by searching electronic
information sources and bibliographicreference lists of relevant articles.

Electronicsearches

The Healthcare Databases Advanced Search (HDAS) interface developed by the NICE was used to
interrogate the following electronicbibliographicdatabases: the National Library of Medicine's
database (MEDLINE), Excerpta Medica Database (EMBASE), and the Cochrane Register of Studies
(CRS) (CENTRAL). A combination of controlled vocabulary (thesaurus) and free text terms was used
to search the databases. Nolanguage constraints were applied. The literature search waslast runin
July 2019. The search strategy is presentedin Appendix 1.

Searchingotherresources

The bibliographiclists of the selected trials were screened foradditional studies.

Study selection and data collection
Selection of studies

Two review authors (G.A., S.A.) conducted the pre-specified literature searches and evaluated the
eligibility of studies forinclusionindependently. When disagreement arose, a third review author
(F.T.) acted as arbitrator.

Data extraction and management

Onereview author(G.A.) extracted datafrom selected studies. The collected datawere then cross
checked by a secondreview author(S.A.). Retrieved datawere entered into aspreadsheet. Only
published material was considered. The following types of datawere extracted from the selected
studies:

study related data



data related torisk of bias assessment

demographicsand clinical characteristics of the study populations

aneurysm morphometricdata

outcome data

Assessment of risk of biasin included studies

The risk of biastool developed by the Cochrane Collaboration was used to assess the risk of bias of
selected RCTs.10The risk of bias assessment was performed independently by two review authors
(G.A.,S.A.). Athird review authoracted as adjudicatorin the event of disagreement (F.T.).
Furthermore, asummary of findings table was generated and the quality of evidence was graded
using the system developed by the Grades of Recommendation, Assessment, Development and
Evaluation (GRADE) working group applyingan online platform (https://gdt.gradepro.org/app/).11

Data analysis
Measures of treatment effect

Pooled estimates of dichotomous outcome datawere calculated using the odds ratio (OR) and 95%
confidence interval (Cl). If one or more studies reported zero events in both groups, the risk
difference (RD) and 95% Cl were calculated instead. A meta-analysis of time to event data was
conducted using the inverse variance method and the result was reported as summary hazard ratio
(HR) and 95% Cl. A mixture of direct (e.g. fromreported HRs with Cl) and indirect methods was
applied(e.g. fromsurvival curves with or without numbers at risk) to calculate the individual study
HR and standard error (SE) for specificoutcome measures.12 Data extracted from published Kaplan—
Meiercurves were digitised using the open source software Plot Digitizer
(http://plotdigitizer.sourceforge.net). If the incidence rate ratio, calculated by (events/person time)
group 1/(events/person time) group 2 was reported by the studies, it was used as an approximation



to HR. For the additional outcomes (aneurysm rupture, death due to aneurysmrupture and death
due to malignancy), the studies provided no sufficient data fortime to event meta-analysis;
therefore, those variables were analysed as dichotomous dataand the summary OR and 95% Cl was
calculated.

Unit of analysisissues

The individual patient.

Dealing with missing data

No attempt was made to contact the primary authors enquiring about missing data.

Assessment of heterogeneity

Between study heterogeneity was examined with the Cochrane's Q(x2) test. Inconsistency was
quantified by calculating I2and wasinterpreted it using the following guide: 0%—40% might not be
important; 30%—60% may represent moderate heterogeneity; 50%—90% may represent substantial
heterogeneity; and 75%—100% may represent considerable heterogeneity.10

Assessment of reporting biases

It was plannedtovisuallyassess the symmetry of funnel plots and perform the Egger's test if more
than 10 studies were identified.

Data synthesis

Fixed effect models were applied, unless significant statistical heterogeneity was present (p < .050
and 12>75%), in which case random effects meta-analysis was conducted. Aforest plot was created
for each treatment effect.

Subgroup analysis and investigation of heterogeneity

No subgroup analysis was undertaken.

Sensitivity analysis



One trial at a time was excluded and analysis for each of the primary and secondary outcomes was
repeated. Trialsthat were judged to be of high risk of biasin two or more domains were excluded
and the analyses were repeated. Studies with short ormedium term follow up (<8 years) were also
excluded fromtime to event data meta-analyses.

Results
Results of the search

Afterdiscardingirrelevant reports and excluding articles with reasons, the literature search
identified seven RCTs in 18 publications that fulfilled the inclusion criteria (Fig. 1).5,7,8,13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24 Reports on cost effectiveness, quality of lifeand post hoc analysis,
and those published as a conference abstract were not considered. A protocol inapeerreviewed
journal wasfound forthree of these trials.25, 26, 27 One of the trials was published in Chinese.21
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Figure 1. Study flow diagram using the Preferred Reporting Items for Systematicreviews and Meta-
Analyses (PRISMA) template for randomised controlled trials comparing endovascularvs. open
repairfor abdominal aorticaneurysm. *Duplicates were not removed using the Healthcare
Databases Advanced Search (HDAS) interface since database specificthesaurus terms were used.
EVAR = endovascularaneurysm repair; RCT = randomised controlled trial.

Description of studies

The trials reported a total of 2983 patients, 1518 of whom underwent EVAR and the remaining 1465
openrepair. Fourof these trials were large multicentre studies that were conducted in five different
countries:the UK (EVAR-1, 37 centres), The Netherlands (DREAM, 26 centres), Belgium (DREAM, four
centres), France (ACE, 25 centres), and the USA (OVER, 42 centres). The remaining three trials were
smallertrials conductedin China,21 Canada,22 and The Netherlands.23,24 The recruitment period
spannedfrom 1999 to 2011, and the follow up ranged from 30 days to a median of 12.4 years. Three
of the trials (EVAR-1, OVER, and DREAM) reported longterm follow up thatextended up to 15.8
years, 14.2 years, and 12.5 years, respectively. These trials conducted an ad ditional analysis of
extended follow up thatendedinJune 2015 inthe EVAR-1trial,5 December 2016 in the OVERtrial,7
and January 2016 inthe DREAM trial.8 The study characteristics are presented in Table 1, the
inclusion and exclusion criteria for patient enrolmentin Table S1, and the baseline demographics
and clinical characteristics of the study populationsin Table S2. Notably, EVAR-1randomised older
patients with larger AAA than the othertrials.



Risk of biasinincluded studies

In general, the study quality was high. One or more outcomes of interestin the review (aneurysm
related mortality and secondary interventions) were not reported orreported incompletely in four
of the trials (ACE, OVER, Chenetal.,21 Soulez etal.22), so they could not be enteredinameta-
analysis, thusthese trials were judged to be highrisk of bias in the selective reporting domain of the
Cochrane tool. For the rest of the domains, the risk of bias was judged to be low or unclear. The risk
of bias graph and summary are presentedinFig. 2, and the supportsforjudgementare presentedin
Appendix 2.

Effects of interventions
Primary outcomes

Thirty day mortality was reported by fourstudies (EVAR-1, OVER, ACE, Lottman et al.;23,24 total of
1265 patientsinthe EVAR group and 1207 patientsinthe openrepairgroup). It was 1.2% after EVAR
and 3.1% after open repair, thus significantly lowerin patients who underwent EVAR (OR, 0.36; 95%
Cl1 0.20-0.66; p = .001). The statistical heterogeneitywas notsignificant (p =.31, 12 = 17%). Similarly,
in hospital mortality, reported by five studies (EVAR-1, OVER, DREAM, Chenetal.,21 Soulezetal.;22
total of 1297 patientsin the EVAR group and 1269 patientsin the openrepairgroup), was 1.4% after
EVAR and 4.5% after open repair, thus significantlylowerin patients that underwent EVAR (RD —
0.03; 95% Cl —0.04 to -0.02; p <.001). The statistical heterogeneity was negligible (p=.58, 12 = 0%)

(Fig. 3).

Meta-analysis of the three trials reporting long term follow up (EVAR-1, OVER, DREAM) with a total
of 2484 patients found nosignificant differencein all cause mortality atany time between EVARand
openrepair(HR 1.02; 95% C10.93-1.13; p = .62), with negligible statistical heterogeneity (p=.56, 12
= 0%). All cause mortality within six months from surgery was significantly lower after EVAR than
afteropenrepair(HR 0.62; 95% Cl 0.42-0.91; p = .010), whereas the difference becamenon-
significantatlongerintervals post-AAA treatment (Fig. 4).

Meta-analysis of two trials (EVAR-1, DREAM) with atotal of 1603 patientsfound nosignificant
difference in aneurysmrelated mortality at any time between EVAR and open repair (HR 1.11; 95%
Cl1 0.78-1.59; p = .55), and the statistical between study heterogeneity was moderate (p=.19; 12 =
43%). Interestingly, meta-analysis of aneurysm related mortality at different timeintervals following
treatment showed thatthe pooled estimate within six months was in favour of EVAR (HR 0.42; 95%
Cl1 0.24-0.75; p = .003), whereas asthe interval fromthe treatmentlengthened, the pooled HR
moved in favour of open repair reaching statistical significance at the 4-8 and > 8 yearintervals (Fig.
5).



Secondary outcomes

Two studies (EVAR-1, DREAM) with a total of 1603 patients reported dataonre-interventioninlong
termfollow up. Meta-analysis of these trials found asignificantly higher hazard of re-intervention
with EVAR than with open surgical repair (HR 2.13; 95% Cl 1.69-2.68; p < .001), and the statistical
heterogeneity was moderate (p=.15; 12 =51%) (Fig. 6).

Additional outcomes

Two trials (OVER, DREAM) with a total of 1232 patientsreported dataonaneurysmruptureinlong
termfollow up. Meta-analysis showed that the odds of rupture was significantly higherin EVAR (OR,
5.08; 95% Cl 1.11-23.31; p =.040) withan insignificant statistical heterogeneity (p=.61, 12 =0%)
(Fig. S1).

Deaths secondary to aneurysm rupture or cancer were reportedin all three trials reportinglong
termfollow up (EVAR-1, OVER, DREAM) with a total of 2484 patients. Meta-analysis found thatthe
odds of death due to rupture was significantly higher after EVAR than after openrepair (OR, 3.57;
95% Cl 1.87-6.80; p < .001), and the statistical heterogeneity was moderate (p=.11, 12 = 55%). The
odds of death due to cancer was not significantly different between EVAR and open repair (OR, 1.03;
95% Cl 0.84-1.25; p = .80) with low statistical heterogeneity (p=.45; 12 =0%) (Fig. S1).

Sensitivity analysis

The differencesinall cause mortality at six months (HR 0.70; 95% Cl 0.38—-1.31; p =.27) andthe
aneurysmrelated mortalityat > 8 years (HR 2.78; 95% ClI 0.08—-100.01; p =.58) became insignificant
whenthe EVAR-1trial was excluded from the analysis. Furthermore, the difference in the odds of
death due to rupture became insignificant when the EVAR-1trial was removed (OR, 1.57; 95% ClI
0.60-4.07; p =.36). The difference inthe odds of rupture became insignificant when the DREAMtrial
was removed (OR, 6.98; 95% Cl 0.86-57.00; p =.070).

Discussion
Summary of mainresults

Meta-analysis of RCT data found significantly lower odds of peri-operative (in hospital and 30 day)
mortality with EVAR than with open repair. Meta-analysis of long term follow up datashowed that
the hazard of all cause and aneurysmrelated death at any time followingintervention was not
significantly different between EVAR and openrepair. Aninteresting finding was that the hazard of
all cause and aneurysmrelated death within six months from surgery was significantly lowerin
patients who underwent EVAR, but with longerfollow up, the pooled hazard estimate movedin
favourof opensurgeryand, inthe longterm (>8 years), the difference in hazard of aneurysm related
mortality was significantly lowerin patients who underwent openrepair. Notably, these differences
were driven by the results of the EVAR-1trial, which recruited older patients with larger AAAs. The
hazard of secondary intervention, aneurysmrupture, and death due to rupture was significantly
higherafter EVAR, but the risk of death due to cancer was notsignificantly different between EVAR
and open surgical repair.



Overall completeness and applicability of evidence

All seven RCTs directly investigated the review question, i.e. whether EVAR has betterclinical
outcomesthan opensurgery forunruptured AAA. One trial provided 30day data only and focused
the analysis on health related quality of life after EVAR and open repair.23 Aneurysmrelated
mortality, which is the mostimportant outcome to assess the comparative efficacy of EVARand
openrepair, was reported by two trials only (EVAR-1and DREAM). The selected trials applied broad
inclusion criteriafor patient enrolmentand were conducted in four European countries, the USA,
Canada, and China, representing practices across the developed world. Eligible patients had
aneurysm morphology suitableforstandard EVAR and were considered physiologically fit foropen
surgical repair. Inthe OVER trial, the authors explicitly stated that patients had to meetthe
manufacturer'sindications forthe endovascular system that would be used if so assigned. One
would argue that anatomical suitabilityfor EVAR spreads across a wide spectrum of morphological
parameters, thus outcomes of patients lying at the border of anatomical suitability are unknown.
Furthermore, the trials were conducted more than adecade ago, when newer generation aortic
devices, sophisticated EVAR planning software, and modern radiology equipment were not available,
which would limitthe applicability of the review findings in current practices. Furthermore, the
accumulated experience of surgery, radiology, and operating theatre staff as well as the efficient
coordination between team members might confer different outcomes in contemporary practice.
Veryfew women were recruited in the trials hence the results may not be generalisable to female
patients.

Quality of the evidence

A small number of RCTs reporting a total of a few thousand patients have been conducted to
investigate comparative clinical outcomes of EVAR and open repairforunruptured AAA. Three of the
trials (EVAR-1, OVER, DREAM) reported long follow up of a median of 12.7, 10.2, and 9.4 years,
respectively. Anothertwo studies (ACEand Soulez et al.22) reported medium term followup of a
mean of around two and a half years, whereas Chen etal.21reported shortterm follow up and
Lottman etal.23,24 presented 30day data only. Because there was evidence that the HR forthe
primary outcomes (all cause and aneurysmrelated mortality) did not remain constant overthe full
10 years, the ACE and Soulez etal.22 trials were notincluded inthe meta-analysis of time to event
data.

The largest study, which dominated the meta-analysis outcomes, was the EVAR-1with 1252
patients. Thisis evidentin sensitivity analyses, which showed that the pooled estimate for all cause
mortality at six months, aneurysm related mortality >8 years, and death due to rupture changed
whenthe EVAR-1trial was excluded from the meta-analysis. This finding may be explained by the
fact that EVAR-1enrolled older patients with largeraneurysms, which have been shown to be poor
prognosticindicatorsfollowing EVAR.28 One could argue thatin the presence of such a small



number of trials, the lack of statistical significance in sensitivity analyses is probably due to lack of
precision.

The key methodological constrain was selectivereportingin fourtrials (OVER, ACE, Soulez et al.22
and Chenetal.21), which did notreport data for the key outcome of interestin thisreview
(aneurysm related mortality). Consistency of the results across the trials was noted, whichiis
reflectedinthe low or moderate heterogeneity forall outcomes. The overall quality of the body of
evidence contributing to the results of the review was high. The certainty in the meta-analysis
findings was judged to be high or moderate forall primary and secondary outcomes (Table 2).

Potential biasesin the review process

The review was conducted in accordance with the PRISMA guidelines and every effort was made to
mitigate bias. The review is strengthened by avigorous search of the literature toidentifyall
relevantstudies and obtain all relevant data. However, no attempt was made to contact the authors
for missing data.

Agreements and disagreements with other studies or reviews

A few systematicreviews on long term outcomes of EVARvs. open repairhave been published
recently, none of which have included the most updated data of the OVER trial.29, 30, 31 Notably,
previous reviews failed to identify three randomised clinical trials investigating comparative
outcomes of EVAR and open aneurysmrepair. Furthermore, none of the previously published
reviews conducted meta-analysis of aneurysm related mortality at different time intervalsfrom the
index procedure and meta-analysis of deaths due to rupture or cancer in the longterm. Those
reviews are also flawed by mixing randomised clinical trials and observational studies in meta-
analysis models, a practice that is not recommended,10and are dominated by observational rather
high quality randomised data. They are also limited by the fact that they performed analysis of time
to eventoutcome data(e.g. all cause mortality orre-intervention)as a binary response variable,
whichis not an optimal meta-analytical strategy because ignoring censored observationsis
inefficient.32

An individual patient data meta-analysis of the four RCTs with a median followup of 5.5 years found
that within three years, the survival curves of patients who underwent EVAR and open repair
converged and beyond three years, aneurysm related mortality was significantly higherin the EVAR
group.33 Thisreview was conducted three years ago, when longtermfollow up dataup to 15 years
were notavailable.



The results of the analysis are corroborated by findings of large administrative registries
investigating comparative outcomes of endovascularvs. openrepairforintact AAA. A large study of
healthinsurance claims datain Germany found thatin hospital mortality was lower following EVAR
than afteropenrepairanda trend toward lowerlong term survival after EVAR.34 Similarly, in
propensity score matched cohorts of Medicare beneficiaries, EVAR compared with open repair was
associated with asubstantial early survivaladvantage that gradually decreased overtime, with the
rate of late rupture beingsignificantly higher after endovascular repair than afteropen repair.35It
should be noted that none of those registries provided data on very long follow up extending up to
15 years.

The review findings are reflected in the quality of lifefollowing surgery for AAA. The DREAM study
group found less severe disruption to health related quality of life and health statusin the short
termin patients who underwent EVAR. However, during longerterm follow up, patients who were
treated by open repairappearedto have improved quality of lifeand health status.36

There have been concerns previously expressed about the increased cancerrisk related to exposure
to external radiation from the procedure and/or surveillance with computed tomography.37 Such
concernsthat patients undergoing EVAR are at increased risk of developing abdominal cancer
compared with those undergoing open repairare not reflected in the results of the quantitative
synthesis, which found similar risks of death from any cause or cancer after EVAR and openrepair.

Conclusions
Implications for practice

The meta-analysis demonstrated that EVAR carries a lower peri-operative and early (within six
months) mortality risk than open surgical repairforunruptured infrarenal AAA. The long term
aneurysm related mortality, re-intervention and rupture rates are higherafter EVAR than afteropen
repair, and patients who develop rupture following EVAR are more likely to die than those whose
aneurysmruptures afteropenrepair. Interpreted in the context of an everincreasinglife
expectancy, the findings reinforce the European Society for Vascular Surgery guidelines, which
recommend openrepairfor patients with reasonable prospects of longterm survival.38 In contrast,
those with shorterlife expectancy are likely to benefit from EVAR rather than open repair,
particularlyif theirsurgical riskis higherthan average. Inindividual patients, clinicians should thus
base theirrecommendations on the perceived risk of AAA rupture, life expectancy, and surgical risk.
However, the differencesin outcome between open repairand EVAR appear more qualitative than
guantitative, with patients who undergo open surgery taking the bulk of the AAA and intervention
related risk upfront (in the peri-operative period), and those undergoing EVAR distributing this risk
overtheirlifetimes. Individual patients’ culture, prejudices, personality, and personal circumstances
may thuslead themto view the prospect of undergoing either treatment from different perspectives
to that of the clinician (or healthcare provider) during the shared decision making pro cess. Some



patients, forexample, may value early survival more than freedom from late complications, and may
thuslegitimately choose EVAR overopenrepair, even if appropriately counselled.

Implicationsforresearch

It remains uncertain which individual patients would benefit from EVAR and which from open repair
based on their physiological status. Personalised or precision medicine applying medical models
where interventions for AAA treatment are tailored to the individual patient based on their
predicted responseorriskis an unexploredfieldin AAA disease.
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Figure 1. Study flow diagram using the Preferred Reporting Items for Systematicreviews and Meta-
Analyses (PRISMA) template for randomised controlled trials comparing endovascularvs. open
repairfor abdominal aorticaneurysm. *Duplicates were not removed using the Healthcare
Databases Advanced Search (HDAS) interface since database specificthesaurus terms were used.

EVAR = endovascularaneurysm repair; RCT = randomised controlled trial.
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Figure 2. (A) Risk of bias graph: review authors'judgements about each risk of biasitem presentedas
percentages across all included studies combining endovascularvs. open repairforabdominal aortic
aneurysm (B) Risk of bias summary: review authors' judgements about each risk of biasitem foreach
included study.
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Figure 3. Forest plots of 30 day and in hospital mortality in patients treated by endovascular vs. open
repairfor abdominal aorticaneurysm. The solid squares denote the odds ratios (ORs) orrisk
differences (RDs), the horizontal lines represent the 95% confidence intervals, and the diamonds

denote the pooled ORs or RDs. Cl = confidence interval; EVAR =endovascularaneurysm repair; M-H

= Mantel-Haenszel.
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Figure 4. Forest plots of all cause mortality in patients treated by endovascularvs. open repair of
abdominal aorticaneurysm. The solid squares denote the hazard ratios (HRs), the horizontal lines
represent the 95% confidence intervals, and the diamonds denote the pooled HRs. Cl = confidence
interval; EVAR = endovascularaneurysmrepair; IV =inverse variance; SE = standard error.
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Figure 5. Forest plots of aneurysmrelated mortality in patients treated by endovascularvs. open
repair of abdominal aorticaneurysm. The solid squares denote the hazard ratios (HRs), the
horizontal lines represent the 95% confidence intervals, and the diamonds denote the pooled HRs. Cl
= confidence interval; EVAR =endovascularaneurysmrepair; IV =inverse variance; SE = standard
error.
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Table 1. Characteristics of randomised conirolled trials comparing endovascular vs. open repair for abdominal aortic aneurysm

Trial, year, country, Recruitment Noof  Extended Length of follow up EVAR Open Tolal Intention

Jjournal period centres  follow up Lo treal

OVER,™™" 2019, USA, N Oct 2002—Apr 2008 42 Up to Dec Mean, 8.4 years; 444 437 B8l  Yes
Engl J Med 2016 median, 9.4 years

(range 0.02—14.2)
(IQR 5.7—-11.2)

DREAM, ™5 2017, Nov 2000—Dec 2003 30 Up to Jan  Median, 10.2 years 173 178 351 Yes
Netherlands, J Vase Surg 2016 (IR 5.0—12.5)
EVAR-1,™" % 2016, UK,  Sep 1999—Aug 2004 37 Up to Jun  Mean, 12.7 years; 626 626 1252 Yes
Larncet 2015* median, 12.4 years
(range, 1.6—15.8)
ACE,™ 2011, France, J Vasc  Mar 2003—Mar 2008 25 None Mean, 2.5 years (SD, 1.2); 150 149 299 Yes
Surg median, 3 years
(range 0—4.8)
Chen et al,*' 2011, China, Jan 2009—Jan 2011 1 MNone 12 months 48 36 84 Yes
Zhonghua Wai Ke Za Zhi
Soulez et al,™ 2005, Sep 1998—Jul 2002 1 None Mean, 29 months (5D 13) 20 20 40 NR
Canada, J Vasc Interv (range 9—448) for the EVAR
Radiel group and 27 months

(5D 11) (range 12—48)
for the open repair group
Lottman et al,*>*" 2004,  Sep 1996—0ct 1999 2 None 30 days 57 19 76 Yes
Netherlands, J Endovase
TTer
EVAR = endovascular ancurysm repair; IQR = interguartile range; NE = not reported; SD = standard deviation.
* For the primary mortality outcome; up to March 2015 for graft related complications and re-interventions.

Table 2. A summary of findings table of randomised controlled trials comparing endovascular vs. open repair for abdominal aortic
aneurysm. The guality of evidence was graded wsing the sysiem developed by the Grades of Recommendation, Assessmentl,
Development and Evaluation (GRADE) working group

Certainly astessment Mo, of patienis Ellect Certainly iy =
Mo, of Study Risk of Inconsistency Indireciness Imprecigion Other EVAR Dpen Relative Absolute
studies design biaas consi- aneurysm (95%: C1) 195% CI)
derations repair
I hspital mortaliny
5 Randomized Mot Mol serious Mol seviows Nol serious  Noone 1871297 ST/ 12649 RD —0.03 30 more per e b & IMPORTANT
trials serius (1.4%) (4.5%) [—0.04 1y 1,000 { [rom: HIGH
—L02) D more I
M more )
3 Randomized  Serious® Mol serious Mol seriows Mot serious Nooe 1571265  3B/1207 OR 0,36 20 [ewer per @ SO IMPORTANT
Lrials (1.2%) (3.1%) (0220 1y 1,060 { [rom MODERATE
0.66) 25 [eweer o
10 [ewer)
Al couse movtality (follow up: ronge 949 years i 124 years)
3 Randomized Mot Mot serious Mol seriows Mol serious Moo 1293 1241 HR 1.0:2 MA o o &b iy IMPORTANT
Irials Sk peariicipants parficipanis (0293 s HHzH
1.13)
fall cause
murtality)
Anewrysem related mortelity {follow wpe range 1002 years (o 124 years)
z Randomized Serious’ Mot serious Mol seriows Mol serious Moo T B0 HE 1.11 LY i B CRITICAL
Lrials prarlicipants particigants (078 o MODERATE
1.59)
Laneurysm
related
martality)
Re-imervention (follow up: range T0LZ years 1o 124 years)
2 Randomized Serious’ Mot serious Mol seriows Nol serious Nooe 799 BD4 HE 213 NA il B IMPORTANT
Lrials prarticipants particiganis (169 w MODERATE
268)
[re-

imlervenlion)

Cl = confidence interval; EVAR = endovascular aneurysm repair; HR = hazard ratio; NA = not applicable; OR = odds ratio; RD = sk difference.
* The ACE trial was judged to be high risk of selection bias.
! The second largest trial (OVER) reporied no data on this outoomie.




