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Abstract

This study presents updated information on post-endovascular aneurysm
repair (EVAR) late aortic rupture (LAR) as the data in the literature are lim-
ited. It comprises a meta-analysis based on the recent evidence regarding
the incidence, causes, treatment outcomes, and prognosis of post-EVAR.
A meta-analysis was conducted according to the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) guidelines. Studies
were identified by searching electronic databases and scanning bibliograph-
ic references from 1991 to April 1, 2023. Our analysis provided evidence
that the most common causes of rupture after EVAR were type la and Ib En-
doleaks (Els). Post-rupture mortality after EVAR was high (35.6%) and com-
parable to the morbidity of de novo ruptures. Endovascular repair appears
to have better results compared to conversion to open repair. A significant
number of patients had prior endovascular reoperations and inadequate
follow-up. Patient compliance with the surveillance protocol is mandatory.

Key words: migration, endoleak, endovascular aneurysm repair (EVAR),
abdominal aortic aneurysm, open repair, rupture, endovascular abdominal
aortic aneurysm repair, open conversion, post-EVAR rupture, EVAR
complications.

Introduction

Late endovascular aneurysm repair (EVAR) failure may lead to sac
pressurization, expansion, and eventual aneurysm rupture [1-3]. Late
rupture is defined as rupture occurring more than 30 days after the EVAR
procedure. It is a rare complication with an increasing incidence world-
wide mainly due to the widespread application of EVAR [4-7]. However,
it remains a devastating event, like a de novo abdominal aortic aneurysm
(AAA) rupture as it carries a mortality rate ranging from 20% to 60% in
recent studies [8-43]. Thus, the fundamental aim of EVAR which is pro-
tection from rupture is not fulfilled as 0.5% to 6% of EVAR patients have
experienced rupture so far [44].

The aim of this study is to present updated information on post-EVAR
late aortic rupture (LAR), which increases steadily worldwide as the data
in the literature are limited. It comprises a current literature review and
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meta-analysis based on the recent evidence in-
vestigating the incidence, causes, treatment out-
comes and prognosis of post-EVAR LAR.

Material and methods

A meta-analysis was conducted according to
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines.
Rupture of the AAA > 30 days after the initial EVAR
is defined as ‘late rupture’ and this was confirmed
on imaging studies that revealed blood outside
the aneurysm sac or on open conversion [14].

Information sources and search strategy

Studies were identified by searching electron-
ic databases and scanning bibliographic refer-
ences of articles. The National Library of Medi-
cine’s Medline database was searched using the
PubMed interface from 1991 to the present date.
The last search was run on April 1, 2023. The
databases were searched with an unrestricted
search strategy, applying exploded Medical Sub-
ject Headings (MeSH) and keywords combined
with the Boolean operators AND, OR and NOT to
retrieve relevant reports. A second-level search
included a manual screen of the reference lists
of the articles identified through the electronic
search. Eligibility assessment was performed in-
dependently in an unblinded standardized man-
ner by 2 reviewers (S.P. and K.M.); disagreements
between reviewers were resolved by consensus.
The search identified 966 records. Studies were

screened for bias and consistency by 2 authors.
A 34 senijor surgeon resolved all discrepancies,
and the included studies have all passed the qual-
ity and bias assessment. The literature search
strategy is outlined in a study flow diagram (Fig-
ure 1, Table I). Fifteen articles reporting a total of
398 patients with late AAA rupture after EVAR ful-
filled the inclusion criteria (Table Il). The selected
studies were published between 2000 and 2023,
reflecting study periods extending from 1992 to
2022 [5, 14, 32-59].

Eligibility, exclusion and inclusion criteria

Cohort studies reporting late rupture after EVAR
and case series including at least 6 patients were in-
cluded in the study as this disease is relatively rare
and this cutoff point was considered numerically
significant but also relatively clinically relevant. Ar-
ticles in languages other than English, case reports
and small case series with less than 6 patients
were excluded. Sporadic post-EVAR LARs included
in observational studies primarily reporting clinical
effectiveness of EVAR, elective open conversions or
treatment of ruptured AAAs were considered inel-
igible due to inadequate relevant information. Pa-
tients with post-EVAR rupture of any age and sex
and any type of stent-graft were included. Patients
with symptomatic aneurysms without rupture were
excluded. Patients with complex EVAR like chimney
(chEVAR), fenestrated (fEVAR) or branched (bEVAR)
were not included as our study was focused on the
standard infrarenal cases.

Identification of studies via databases and registers

Figure 1. Flow-chart of search strategy and studies identification
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Table 1. Search strategy

Search strategy Results
1 «late» [All Fields] OR («postoperative» [All Fields] AND «period» [All Fields]) OR «postoperative 746,837
period» [All Fields] OR («post» [All Fields] AND «operative» [All Fields]) OR «post operative»
[All Fields] OR «postoperative period» [MeSH Terms]
2 («aortic» [All Fields] AND «rupture*» [All Fields]) OR «aortic rupture*» [All Fields] OR («aortic» 23,321
[All Fields] AND «aneurysm*» [All Fields] AND «rupture*» [All Fields]) OR «aortic aneurysm
rupture*» [All Fields] OR «aortic rupture» [MeSH Terms]
3 («endovascular» [All Fields] AND «aneurysm*» [All Fields] AND «repair» [All Fields]) OR 17,555
«endovascular aneurysm repair» [All Fields] OR «EVAR» [All Fields] OR «endovascular aneurysm
repair» [MeSH Terms]
4 «fenestrated» [Title/Abstract] OR «chimney» [Title/Abstract] OR «branched» [Title/Abstract]
OR «fEVAR» [Title/Abstract] OR «bEVAR»[Title/Abstract] OR «chEVAR»[Title/Abstract] OR
«kilt»[Title/Abstract] OR «advanced»[Title/Abstract] OR «advanced techniques»[Title/Abstract]
5 #1 AND #2 AND #3 1,117
6 NOT #4
7 #5 AND #6 966

Table Il. Included studies according to study period, demographics, number of patients, and incidence of rupture

after EVAR and time to rupture

Senior author Publication Study Mean age Number Rate of Maximum  Time from
year period [yearsl/ of post- rupture AAA diame- EVAR to
Men (%) EVAR LARs  after EVAR ter [cm] rupture
(%) [months]
Zarins 2000 1996-1999 74/86 7 0.67 ND 16
Bernhard 2002 1993-2000 76/71 7 0.18 ND 38
Fransen 2003 1996-2002 ND/91 34 0.79 6.6 18
May 2004 1992-2003 74/100 18 2.96 6.9 29
Coppi 2009 1999-2007 83/86 14 1.7 8.2 50
Wyss 2010 1999-2004 77/86 22 2.59 6.7 36
Cho 2010 2001-2008 78/83 18 ND 6.8 48
Mehta 2011 2002-2009 ND/81 27 1.53 6.4 29
Candell 2014 2000-2010 79/73 15 0.86 6.4 37
Greiner 2014 2011-2013 75/100 6 ND 8.3 48
Antonopoulos 2014 2006-2012 ND/95 22 0.81 ND 49
Rajendran 2016 1992-2014 76/95 22 3.1 9.2 59
Andersson 2021 2001-2015 75/78 86 1.3 ND 47
Sen 2023 2000-2020 78/85 30 1.23 8.0 72
Moulakakis 2023 2008-2022 77.9/98.6 70 ND 9.5 72.3

Collection of data

Year of publication of each study, study period,
demographic data, and clinical characteristics
such as hemodynamic stability at presentation,
type of stent-graft initially implanted, causes of
rupture, time to rupture after initial EVAR, pre-
vious secondary interventions and compliance
with post-EVAR surveillance were retrieved and
analyzed. In addition, the type of treatment, mor-
tality and morbidity rate according to the type
of reconstruction and overall mortality were as-
sessed.

Analysis of data and statistical analysis

Standard descriptive statistics (reported as
means + standard deviation (SD)) were used to
summarize the demographic data of the recruited
patients from all eligible studies. Proportions were
used for estimation and expression of clinical vari-
ables. The primary endpoints of the meta-analysis
consisted of in-hospital mortality and the com-
parison of mortalities between open repair and
endovascular. The meta-analysis was conducted,
in accordance with the recommendations of the
Meta-analysis of Observational Studies in Epi-
demiology (MOOSE) group, of the two cohorts.
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Table IlI. Types of stent-grafts used in the studies included in our meta-analysis

Type of graft used Number of patients
AneuRx — Talent — Endurant — Unspecified (Medtronic) 44/37/16/7
Zenith — Renu (CookMedical) 44/1
Excluder (Gore) 34
Vanguard (Boston Scientific Vascular) 24
Stentor (MinTec) 18
Ancure — EVT (Guidant) 13/9
Powerlink — AFX (Endologix) 10/3
White-Yu graft attachment device - Lifepath (Edwards Lifesciences) 6/1
Anaconda (Terumo) 5
Ovation — Nelix (Endologix) 2/1
Corvita (CorvitaCorporation) 2
Multilayer (Cardiatis) 2
Endofit (LeMaitreVascular) 2
Treovance (Bolton Medical) 1

Not reported 36

The pooled proportion was calculated as the
back-transformation of the weighted mean of the
transformed proportions by using the random ef-
fects model proposed by DerSimonian-Laird. Het-
erogeneity among studies was estimated by using
the y? test and the Cochran Q score (reported as
> and representing the percent value of the het-
erogeneity). Funnel plots were constructed, and
the identified extreme studies were excluded to
increase the robustness of our analyses. Frequen-
cy study-specific estimates were pooled and are
reported as proportions with 95% confidence in-
tervals (Cl). The meta-analysis and the calculation
assessment were carried out using the Compre-
hensive Meta-analysis Version 4 (Biostat, Engle-
wood, NJ, USA) statistical software.

Results

Clinical characteristics and treatment
details

The study characteristics at the time of presen-
tation of AAA rupture are outlined in Table Il. The
vast majority was men (86.4%), the mean age of
all patients was 76.9 +2.43. The number of cas-
es in the included studies ranged from 6 to 86
patients. All reports contained a total of 398 rup-
tures. Twelve case series studies reported a total
number of 27364 EVARs performed over the study
period giving an incidence of 1.11% (95% Cl: 0.77
to 1.05). The total number of ruptured AAAs over
the study period, including de novo ruptures, was
reported in only 5 studies. The proportion of late
ruptures after EVAR to the total number of ruptured
AAA was 12.4% (78/628 patients). The mean time
to rupture ranged from 16 to 72.3 months (mean:
43.22 +16.25) and the mean maximum aneurysm

diameter at admission ranged from 6.4 to 9.5 cm
(mean: 7.54 £1.13 cm). The types of aortic stent-
grafts used in the initial procedure are presented
in Table III.

The reported reasons for rupture, as identified
intraoperatively or on preoperative computed to-
mography, are outlined in Figure 2. Type la EL was
the cause for rupture in 93 (32.7%) patients, while
type Ib EL was the cause in 64 (22.6%) patients.
Type Il EL was the cause of rupture after EVAR in
42 (14.8%) patients, whereas type Il EL was spec-
ified as the cause of rupture in 20 (7%) patients.
Combined ELs were documented in 39 (13.8%)
patients. Migration was encountered in 31 (9%)
patients. The reason for aneurysm rupture was
documented as “could not be determined” on
17 (6%) instances.

In 7 series reporting previous secondary en-
dovascular interventions, nearly half of patients
(56.7%) presenting with aneurysm rupture, had
at least one such intervention following the ini-
tial EVAR procedure. Furthermore, in 13 series
reporting patient compliance, nearly one quarter

Rupture after EVAR

HHTETDTHDH

Cause (%)

la 1l [\ vV Com- ND Migra-
bined tion
Seriel 32.7 226 7 148 07 21 138 6 9

Figure 2. Causes of rupture
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of patients were reported to have missed at least
one EVAR surveillance appointment before rup-
ture occurred (26.4%). Hemodynamic instability at
admission was not mentioned in all series. 34.8%
(69/198) of the patients with ruptured AAAs (in
the series reporting instability) were hemodynam-
ically unstable at presentation (Table IV).

Of the 398 patients, 342 (85.9%, 95% Cl
78 to 89) underwent interventional treatment:
190 (55.5%) open conversion, 149 (43.6%) en-
dovascular repair and 3 (0.9%) hybrid treatment
(aorto-uni-iliac graft with femoro-femoral by-
pass). The remaining 56 patients were managed
with palliative care or died before reaching the

Table IV. Characteristics and previous interventions and compliance to follow-up of patients included in our study

Author Number Total AAA ruptures Hemodynamic Previous secondary Lost to FU or
of EVARs in the study period instability at interventions Incomplete FU
presentation N (%) N (%)
N (%)
Zarins 1046 ND 3 (42.8) ND 0
Bernhard 3946 ND ND 1(14.3) 0
Fransen 4291 ND ND ND 21 (61.8)
May 609 109 4(22.2) 3(16.7) 3 (16.7)
Coppi 820 169 5 (35.7) ND 5 (35.7)
Wyss 848 ND ND 11 (50) 3(13.7)
Cho ND 251 10 (55.5) 4(22.2) 3 (16.7)
Mehta 1768 ND 5(18.5) ND 20 (74.1)
Candell 1736 ND ND 3 (20) 2 (13.3)
Greiner ND 30 ND ND ND
Antonopoulos 2730 ND 10 (45.5) ND 15 (68.2)
Rajendran 679 69 9 (22.5) 3 (7.5) 10 (25)
Andersson 6470 ND ND ND 0
Sen 2421 ND ND 17 (56.7) 3(10)
Moulakakis ND ND 23 (32.9) ND ND
Table V. Mortality and morbidity rate in our analysis
Senior author  Number  EVAR OR Number of pa- Overall, Mortality Mortal- In-hospi-
of RE- (N) (N) tients treated in-hos-  after endo ityafter tal mor-
VARs with no inter- pital repair OR bidity
vention (N) mortality N (%) N (%) N (%)
N (%)
Zarins 7 0 7 0 4 (57.1) - 3 (42.9) ND
Bernhard 7 0 6 1 4 (57.1) - 3 (50) ND
Fransen 34 7 19 8 12 (35.3) 2 (28.6) 10 (52.7) 11 (32.4)
May 18 4 14 0 3 (16.7) 0(0) 3(21.4) ND
Coppi 14 9 5 0 4 (28.6) 2(22.2) 2 (40) 7 (50)
Wyss 22 5 3 14 15 (68.2) 1(20) 0 (0) ND
Cho 18 11 7 0 7 (38.9) 5 (45.5) 2 (28.6) 12 (66.7)
Mehta 27 11 15 1 4 (14.9) 1(9.1) 2 (13.3) ND
Candell 15 5 4 6 9 (60) 1(20) 3 (75) 8(53.3)
Greiner 6 3 3 0 0(0) 0(0) 000 000
Antonopoulos 22 11 11 0 8 (36.4) 1(9.1) 7 (63.6) ND
Rajendran 22 12 10 0 5(22.7) 2 (16.7) 3(30) ND
Andersson 86 41 16 26 36 (41.9) ND ND ND
Sen 30 17 13 0 3(10) ND ND 17 (56.7)
Moulakakis 70 13 57 0 29 (41.4) 3 (23) 26 (45.6) ND
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operating table. One of the last patients remained
alive during the first 30 days (Table V). Interven-
tions for post-EVAR rupture were the following:
A) Endovascular treatment including (1) chim-
ney or fenestrated repair to extend the proximal
sealing zone, (2) relining with a new stent-graft,
(3) implantation of aorto-uni-iliac grafts plus fem-
oro-femoral bypass, (4) implantation of Palmaz
stents, aortic cuffs or iliac extensions and (5) side
branch or landing zone embolization. B) Open sur-
gical conversion involving (1) total stent-graft ex-
plantation and interposition of a standard tube or
bifurcated graft along with sac plication, (2) par-
tial proximal or distal stent-graft explantation and
bridging with a standard graft along with sac pli-
cation, (3) oversewing of lumbar or IMA or a fabric
tear from within the sac along with sac plication,
(4) aneurysmal neck banding or ligation of lumbar
or inferior mesenteric artery (IMA) or IIA without
aneurysmal sac opening [5, 14, 32-43].

Mortality rates and outcome

Treatment modalities and outcomes in the
individual studies are presented in Table V. Me-
ta-analysis of the case series studies revealed that
the pooled estimate for in-hospital mortality was
35.6% (95% Cl: 0.274 to 0.446, Figures 3, 4 A).
Moderate heterogeneity was identified among
the studies (The Q-value was 34.4, p = 0.002, I*=
59%). Open surgical management was associated
with a significantly higher perioperative mortality
compared to endovascular intervention (pooled
odds ratio 0.415, 95% Cl: 0.207 to 0.831, Z-val-
ue is —2.483 with p = 0.013), (Figure 4 B). No sig-
nificant heterogeneity was identified among the
studies (The Q-value was 7.21, I>= 0%).

Incidence of LAR

In our days, there has been stated that 1 out
of 10 AAA ruptures arriving in an emergency de-
partment have a history of an antecedent AAA
repair [25, 52]. This was also found in our study
as the proportion of late ruptures after EVAR to
the total number of ruptured AAAs was 12.4%
(Tables I, 1V). Post-EVAR LARs are far more
common than late ruptures after a prior open
repair [4, 43]. The incidence of post-EVAR LARs
generally varies between 0.5% and 7% in many
series [44]. There is a disparity in incidence
mostly because a proportion of patients will die
before reaching a hospital or will be presented
to a different institution [8, 44]. Conversely, the
risk of LAR after OR is much lower varying be-
tween 0.3% to 0.8% of patients within 3.0 to
5.5 years [5].

Generally, the risk of late aneurysm related
death is < 3% in historic and modern studies,
however, it is difficult to assess due to the uncer-
tainty in cause of death registration and lack of
adequate long-term cohorts [7]. EUROSTAR regis-
try (European Collaborators on Stent/graft Tech-
niques for aortic Aneurysm Repair) found a cumu-
lative annual risk of rupture after EVAR of 2% at
6 years [59]. Our meta-analysis assessed a risk for
LAR after EVAR of 1.11%. It varied between 0.18%
and 3.1% in 12 case series, which reported the to-
tal number of EVARs performed over the study pe-
riod. This rate agrees with other studies and with
the results from two large databases. In Vascular
Quality Initiative database, a 3% of 12,911 EVAR
patients developed LAR at 5 years [24]. Moreover,
in Medicare database, a 5.4% of EVAR patients de-
veloped LAR at 8 years [4].

Rupture after EVA — mortalities

Zarins
Bernhard
Fransen
May
Coppi
Wyss

O Mortality after open repair

[ Mortality after endovascular repair

Candell

B Antonopoulos
Rajendran
Andersson

Sen

Moulakakis

Overall mortality

Figure 3. In-hospital mortality according to the type of reconstruction

EVAR — endovascular repair, OR — open repair.
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Study name Statistics for each study Event rate and 95% CI
Event rate  Lower limit Upper limit
Zarins 0.571 0.230 0.856 i
Bernhard 0.571 0.230 0.856 L
Fransen 0.353 0.213 0.524 .
May 0.167 0.055 0.409 ——
Coppi 0.286 0.111 0.561 n
Wyss 0.682 0.466 0.840 L
Cho 0.389 0.198 0.621 1l
Mehta 0.148 0.057 0.335 —a—
Candell 0.600 0.348 0.808 L
Greiner 0.071 0.004 0.577 —=
Antonopoulos 0.364 0.193 0.577 1
Rajendran 0.227 0.098 0.444 —m—
Andersen 0.419 0.319 0.525 —B—
Sen 0.100 0.033 0.268 ——
Moulakakis 0.414 0.305 0.532 ——
Pooled 0.356 0.274 0.446 -
Prediction interval 0.356 0.139 0.653 | |
0 0.25 0.50 0.75 1.00
Study name Statistics for each study 0Odds ratio and 95% CI
Odds ratio Lower limit Upper limit Z-value P-value
Fransen 0.360 0.055 2.338 -1.070 0.284 .
May 0.365 0.016 8.581 -0.626 0.532 i
Coppi 0.429 0.040 4.637 -0.697  0.486 |
Wyss 2.333 0.071 76.665 0.476 0.634 ]
Cho 2.083 0.275 15.772 0.711 0.477 .
Mehta 0.650 0.051 8.226 -0.333 0.739 L
Candell 0.083 0.004 1.945 -1.546 0.122 L
Antonopoulos  0.057 0.005 0.627 2343 0019 &
Rajendran 0.467 0.061 3.565 -0.735 0.463 .
Moulakakis  0.358 0.089 1438 -1448  0.148 L
Pooled 0415 0.207 0.831 -2483 0013 <@
Prediction interval
0.01 0.1 1 10 100

Meta-analysis

Favors Endo Favors Open

Figure 4. A — Forest-plot for in-hospital mortality, B — Forest-plot open versus endovascular repair

Discussion
Timing of post-EVAR LAR

Our results indicate that post-EVAR LAR oc-
curred between 16 and 72.3 months (mean:
43.22) (Table I1l). This agrees with other stud-
ies which state that the risk for LAR does not
seem to decline over time, but it can occur at
any time after the primary EVAR, with a peak
at 3—-5 years [6, 44, 52, 54]. In contrast, LAR
after OR needs more than a decade to happen
and is usually caused by ruptured para-anas-
tomotic aneurysms [43]. Rajendran et al. found
an increase to time interval between EVAR and

rupture (from 2.4 to 4.9 years) during the later
years of the study which extended from 1992 to
2014 [42]. He attributed this to improvements
in graft design, surgeon’s experience, follow-up
rates, and increased life expectancy after the
procedure [42]. On the contrary, Moulakakis
et al. found a shortening of the time interval and
attributed this partially to the fact that EVAR
cases performed outside the manufacturer’s IFU
or in patients with suboptimal anatomy, which
have increased over time [8]. With the evolution
of new-generation devices, larger studies are re-
quired to assess for potential reduction in post-
EVAR ruptures [42].
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Risk factors

Known risk factors for post-EVAR LAR are in-
creased age, a large initial aneurysm size (> 6 cm),
persisted sac expansion, a history of previous
complications followed by endovascular second-
ary procedures and rupture as indication in the
index operation [5, 53, 60]. In a case series the
initial size was nearly 6 cm and size at rupture
was nearly 8 cm while in another meta-analysis
the size at rupture was 7 cm [42, 44]. Secondary
interventions and incomplete follow-up are fre-
quent prior to LAR, occurring in at least a third of
patients, respectively [5, 44]. These agree with our
meta-analysis which found that nearly one quarter
of patients missed at least one EVAR surveillance
appointment before rupture occurred (26.4%) and
nearly half of them (56.7%) had previous second-
ary interventions (Table 1V). We noted that differ-
ent kinds of stent grafts had been used in primary
AAA repair in patients with post-EVAR LAR, some
of which have already been abandoned and oth-
ers have been improved (Table Ill). In a recent
report there was no significant difference in the
post-EVAR rupture incidence rate between stent
graft types and surprisingly, history of smoking
was less frequent among post-EVAR rupture pa-
tients (60% vs. 82%; p < 0.001) [54].

Causes at rupture

The mean maximum aneurysm diameter at the
time of rupture ranged from 6.4 to 9.5 cm (mean:
7.54 c¢m) in our study (Table Il). We found that the
most common intraoperative findings at the time
of rupture were ELs type | (la or Ib in 55.3%) and
Il (in 14.8%) (Figure 2). Late type | and Ill ELs pres-
surize the sac which might had shrunk in the past
and became thin; thus, new-onset pressurization
may lead to rupture [8]. Generally, if left untreat-
ed these ELs may lead to moderate sac expansion
and subsequent rupture. Consequently, once diag-
nosed, they must be treated promptly with endo-
vascular or open repair [7, 44]. We found type I
ELs in 7%. Type Il ELs have a more benign course
and are responsible for less than a tenth of late
ruptures [16]. However, type Il ELs may lead to sac
expansion and graft distortion with subsequent
graft related Els [28, 44]. We found endotension in
2.1% of post-EVAR LARs. Although endotension is
a rare cause of LAR, rupture may affect up to 25%
of endotension patients [61, 62]. Graft migration
was found in 9% of post-EVAR LAR patients in our
study (Figure 2).

Mortality after post-EVAR rupture vs.
de novo rupture

We found a pooled estimate for in-hospital
mortality of 35.9% in our meta-analysis (Table V,

Figure 3). It has been stated that patients with
a post-EVAR rupture are more likely to present
at the emergency department hemodynamically
stable due to the protective effects of an existing
intravascular stent-graft as massive exsanguina-
tion is hard to occur [35, 36, 42]. This would have
a positive effect on patient outcome because
stable patients show lower morbidity and mor-
tality postoperatively. Unfortunately, this consid-
eration does not agree with our study, where the
mortality was substantial (35.9%). Other studies
agree with these results [30, 38, 63]. Cho et al.
found similar rates of hemodynamic stability and
mortality between post-EVAR LAR patients and
de novo ruptures [38]. Coppi et al. found a trend
towards increased hemodynamic stability and
mortality post-EVAR LAR patients but without
statistical significance [36]. In contrast, in Ra-
jendran and May reported series the proportion
of unstable patients was significantly less after
EVAR than after de novo ruptures (p < 0.01) [42].
Additionally, the difference in perioperative 30-
day mortality rate (20% vs. 49%) was also signif-
icant (p < 0.01). Rajendran and May claim that
de novo ruptures occur at a smaller AAA size
(6.9 vs. 8.1 cm) than post-EVAR ruptures, which
indicates decreased sac pressurization owing
to the presence of the intravascular device [42].
Moreover, ruptures due to ELs may remain con-
tained after thrombosis of the extravascular EL
channel in contrast with de novo ruptures where
the defect in the sac is unlikely to thrombose [42].
This belief is not confirmed in our meta-analysis
which included a significant larger patient cohort
and is consistent with recent literature data [43,
45]. Our results agree with a recent publication,
which found a 30-day mortality of 41.4% inde-
pendently of the presence of an intravascular
device [8]. Additionally, in another recent pub-
lication with 60 ruptures after EVAR, which un-
derwent interventional treatment (endovascular
or OR), the overall mortality rate was 42% at
30 days [5]. A meta-analysis of 152 ruptures
showed a pooled estimate for perioperative mor-
tality of 32%, while some other studies have
shown even higher mortality rates of up to 67%
[14, 37, 41, 53]. Mortality was 56% in a series
with 100 graft explantations due to rupture [31].
Additionally, in the Vascular Quality Initiative reg-
istry, mortality was 51.5% with open conversion
for rupture compared with a 35.1% mortality for
open primary ruptured AAA repair (p < 0.009)
[64]. This mortality difference was attributed to
a greater comorbidity burden in the open conver-
sion patients and to the older age [30]. We must
have in mind that the overall mortality rate across
the three landmark randomized trials (IMPROVE,
AJAX, ECAR) for ruptured AAAs was 32.6% [65-68].
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Unfortunately, post-EVAR aneurysm-related mor-
tality is increasing over time as has been reported
in a recent meta-analysis of seven randomized
trials [27]. Consequently, the assumption about
the protective effects of the intravascular stent-
graft needs further investigation.

Hemodynamic instability after post-EVAR
rupture vs. de novo rupture

We found that nearly one third of patients
(34.8%) presented at the emergency department
with hemodynamic instability (the rate varied be-
tween 22% and 55.6% in 8 studies reporting un-
stable patients) (Table IV). In three of these studies,
approximately one-third of patients are presented
as unstable [8, 44, 69]. On the other hand, regard-
ing the primary de novo ruptures, systematic re-
views and meta-analyses, have shown an occur-
rence of instability between 28% and 48% [56, 70].
In a recent study hemodynamic status at presen-
tation was the most important predictive factor
of intraoperative and 30-day death, and hemody-
namic instability was predictive of death in the pa-
tients treated either endovascularly or by open re-
pair [8]. Previous EVAR and hemodynamic stability
are independent predictors for improved mortality
rates after rupture [42]. A stable patient offers the
advantage of time to obtain a CT scan, allowing
appropriate planning and thereby reducing postop-
erative complications and mortality [42].

Post-EVAR rupture treatment ‘endovascular
vs. open repair’

Most LARs, regardless of the initial method of
repair EVAR or OR, could be managed with en-
dovascular techniques which are combined with
lower morbidity and mortality [43]. We found low-
er mortality rates after EVAR than after OR in our
study (19.8% vs. 39.7%, p = 0.013) (Table V, Figure
3, 4). Other meta-analyses have reported similar
results. Antoniou et al. reported mortality rate
after EVAR 21% vs. 37% with OR [44]. In recent
series, Moulakakis et al. reported a mortality of
23.1% vs. 45.6% and Rajendran and May a mor-
tality of 16.7% vs. 30% [8, 42]. Rajendran et al. and
May et al. reported their results from the same
center in Australia in consecutive time periods;
their combined mortality was 12.5% for EVAR and
25% after OR [35, 42]. The profound causes are
that the aortic clamping and the resulting physio-
logical stress are obviated in EVAR instead of the
majority of ORs. Additionally, OR is combined with
greater blood loss [43].

Morbidity

We encountered postoperative complications
ranging between 32% and 89% of post-EVAR LAR

patients in the included studies (Table V). Fran-
sen et al. reported complications in 32% (11 of
34 patients) [34]. These were, in brief, sepsis in
2 patients, acute renal failure in 5 patients, and
access site hematoma or false aneurysm in 4 pa-
tients. Coppi et al. noted complications in 50%
(7 of 14 patients): multi-organ failure in 3 pa-
tients, abdominal compartment syndrome in
1 patient and cardio-respiratory in 3 patients [36].
Cho et al. experienced complications in 66.7%
(12 of 18 patients) [38]. Candell et al. reported
complications in 89% (8 of 9 patients), cardio-re-
spiratory in 6 patients, renal in 2, infectious in 3,
moderate hematoma in 2 and multi-organ dys-
function in 1 patient [14]. Lastly, Sen et al. report-
ed complications in 42% of their patients, renal in
3, cardio-respiratory in 6, bowel ischemia in 2 and
return to the operating room in 3 patients [43].

Survival

In one recent study Sen et al. reported a sur-
vival of 76% at 1 year, 52% at 3 years and 41% at
5 years [43]. One year survival was reported to be
47% by Andersson et al., 20% Candell et al. and
27.8% Cho et al. [5, 14, 38]. In these older studies,
survival seems to be inferior compared with sur-
vival after de novo ruptures.

Follow-up and surveillance

In our study we found that a quarter of pa-
tients (26.4%, ranging from 0% to 68.2% in the
included studies) have not kept at least one re-
cent follow-up appointment (Table IV). It is gen-
erally accepted that a significant proportion of
post-EVAR LAR patients are noncompliant with
surveillance protocols. In a recent publication, one
in four patients with post-EVAR LAR lacked a re-
cent scheduled surveillance [43]. Multiple failed
reinterventions have been preceded and type |
and Il endoleaks predominate at the time of LAR.
Many of these adverse events would have been
treated if had been timely diagnosed at a regu-
lar surveillance appointment [13, 25, 43, 44, 59].
Consequently, improvement in surveillance com-
pliance must be a main task of vascular facilities
worldwide. It is noteworthy that aneurysm sac
expansion or visible EL is not always present be-
fore post-EVAR rupture and ELs may not be de-
tectable, even in cases with complete loss of seal.
Consequently, their absence cannot exclude the
risk of post-EVAR rupture [54]. Anatomic signs on
follow-up CTA considered precursors of the subse-
quent post-EVAR rupture had been noted in 31%
of cases before rupture and in 84% of cases, if re-
viewed retrospectively, using a structured protocol
[54]. Patients with a ruptured AAA initially, need
a more intense follow-up protocol as they present
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with LAR more often and earlier. Possibly, this is
due to decreased IFU adherence caused by limita-
tions in case planning and device availability [5].
It is recommended to perform a predischarge CTA
in case of a ruptured AAA and select a high-risk
group for more intense follow-up [54]. The radia-
tion exposure should be taken into consideration,
mostly for young patients [71, 72]. Additionally,
surgeons must inform patients for the value of
surveillance adherence and unwilling patients
should be advised for alternative open surgery. Af-
ter OR, a re-examination with a CTA of the entire
aorta is recommended after 5 years according to
2019 ESVES guidelines [7].

EVAR vs. OR at the index procedure

One interesting issue raised by our study is the
durability of EVAR. Randomized controlled trials,
meta-analysis and real-world registry data have
shown higher long-term all-cause mortality, higher
reintervention rates, and secondary rupture rates
after EVAR compared with open surgery [4, 6, 11,
53, 73]. Guidelines by the European Society for Vas-
cular Surgery disclose that an open surgical first
strategy should be recommended in younger fit
patients with a long-life expectancy of more than
10 to 15 years (Class lla, Level B) [7]. The Nation-
al Institute for Health and Care Excellence (NICE)
guidelines recommend not offering EVAR to people
with an unruptured infrarenal AAA if open surgical
repair is suitable [9]. This last recommendation has
generated controversy and contention. In our opin-
ion, EVAR should be offered with caution in young
patients and in cases with aneurysm morphology
incompatible with the manufacturer’s IFU.

Technical considerations

The approach for each post-EVAR LAR patient
should be individualized, with the decision to
choose between OC and EVAR depending on the
patient’s fitness, hemodynamic stability and aor-
tic anatomy [44]. Many of these complications
can be treated by endovascular means urgently
in a ruptured aneurysm or electively in an intact
expanding aneurysm. Type | EL should be treat-
ed promptly to exclude the aneurysm from pres-
surized circulation. Endovascular options include
graft balloon dilation, insertion of a bare metal
stent or apposition of the stent graft fabric with
endovascular staples (endoanchors) against the
aortic wall, if the graft is adequately sized, has not
migrated, and there is an appropriate landing zone
to achieve a seal [7]. More commonly, extension of
the landing zone is required with proximal tubular
or fenestrated cuff insertion, or a branched repair
to ensure a durable proximal seal, especially in
those with aortic neck degeneration [52]. These

innovations have reduced the need for open con-
version for type la endoleak [30]. Distal seal can
be achieved with iliac extenders [7]. Type Il EL is
treated with embolization and type Il with relin-
ing [7]. EVAR is not an option when concern for
infection is present [43]. Finally, if an endovas-
cular solution is not available in reasonable time
and the patient is fit, OC can be performed with
acceptable results [7]. The technical approach to
LAR with OC and an existing stent-graft device in-
side depends on the device design and the cause
of rupture. We prefer a transabdominal approach.
The initial endograft and any subsequent de-
vice placed later to treat endoleaks or migration
may pose additional technical complexity. Prox-
imal cuffs and fixation anchors may necessitate
a more proximal clamping or a longer clamp time
to complete the proximal anastomosis [30]. Usu-
ally, infrarenal clamping is possible only in cases of
type la EL secondary to graft migration, such that
a clamp zone was available between the renal ar-
teries and the aneurysm [30]. Alternatively, aortic
clamping along with the intraluminal graft can be
performed. Regardless to the level of the clamp-
ing, suprarenal stents, hooks, or barbs can be left
in place to avoid injury to the friable aortic wall
and the renal arteries [30]. Sometimes, type la EL
may be treated by external banding of the aneu-
rysm neck. This requires infrarenal circumferential
dissection and placement of a synthetic tight cuff
around the neck of the aneurysm to restore the
proximal seal. Sutures are placed through the ex-
ternal cuff, aortic wall, and endograft to reinforce
the repair [30]. Treatment of a type Il EL is feasible
by sacotomy and surgical ligation of the lumbar
or inferior mesenteric artery [30]. Although, en-
dograft preservation may be preferred in high-
risk patients, mortality remains significant [45].
Others believe that graft preservation is a lower
risk procedure, alternative to graft explantation,
with improved postoperative outcomes and good
midterm durability, and should be considered in
the management algorithm [30]. In addition, vas-
cular surgeons must be familiar with the mech-
anisms of device failure and adequately trained
to have advanced technical expertise and skills to
perform a conversion to open repair, when neces-
sary, especially in the emergent setting [29, 56,
74]. This may require dedicated open repair aortic
workshops and training programs organized by
medical societies or tertiary institutions 8.
Limitations: The study has limitations that
should be considered when interpreting its re-
sults. Although multi-centered, the study reflects
an elaboration of the retrospective and prospec-
tive data collected. As such, there may be differ-
ences in the quality of data collected. We do not
have data on whether patients with de novo AAAs
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succumb more than patients with rupture after
EVAR before reaching a hospital. A selection bias
in choosing the operative approach, based on the
suitable anatomy of the aneurysm or the hemo-
dynamic status, might also exist. In general, for
unstable patients, vascular surgeons often prefer
open repair without delay for a CT scan. In recent
years, occlusion balloons have been implement-
ed in clinical practice. Compliance with follow-up
protocol and secondary procedures was available
in a limited number of patients before rupture. As
was mentioned, most patients did not present
their AAA rupture in the same institution where
they were initially treated with EVAR. Overall, as
the study contains real-world data, it can provide
valuable information representing this surgical en-
tity’s current status and treatment.

In conclusion, our analysis provided evidence
that the most common causes of rupture after
EVAR were type la and Ib ELs. Post-rupture mortal-
ity after EVAR was high (35.6%) and comparable
to the morbidity of de novo ruptures. Endovascu-
lar repair appears to have better results compared
to conversion to open repair. A significant number
of patients had prior endovascular reoperations
and inadequate follow-up. Patient compliance
with the surveillance protocol is mandatory.
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