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Abstract

Objective: Endovascular aortic repair (EVAR) has become the standard of care for patients with
infrarenal aortic aneurysms over the last two decades. Endograft technology and treatment of
complications like endoleaks, graft migration or graft occlusion developed over time. However,
sometimes open surgical conversion maybe required. Our aim was to analyze the indications, the
technical aspects and outcomes in patients who underwent open conversion after EVAR with
different types and generations of endografts.

Methods: This retrospective single-center study reviewed all patients who underwent EVAR from
2004 to 2020. Open surgical conversions > 1 month post EVAR were identified. Conversions for
graft infection were excluded. Indications for conversion and operative technique were analyzed.
Primary endpoint of the study was 30-day mortality. Secondary endpoints were re-interventions
and follow up mortality.

Results: During 2004 and 2020, 443 consecutive EVARs were performed, and 28 patients
required open surgical conversion, with an additional 3 referred from other hospitals (N=31). The
median age was 75 (range 58-93); 94% were male. Conversion was performed after a median
time of 55 months (range 16 - 209). Twenty patients underwent elective and 11 emergency
conversion. Indications for open conversion were graft migration respectively disease progression
with endoleak type la and/ or Ib in 52 % (16/31) and sac expansion due to endoleak type Il in 26 %
(8/31). Of the 31 patients, 17 (55%) had at least one previous endovascular re-intervention. All
patients met the device-specific instructions for use for each implanted endograft.

In-hospital intervention rate was 16 % (5/31). 30-day mortality rate was 3% (1/31) with one patient
died due to multi-organ failure after rupture with complete endograft replacement. Five patients
(16%) died during follow-up. Mid-term follow-up was 47.5 months (range 24 -203) with estimated
cumulative survival rates of 97%, 89%, and 84%, at 1, 3, and 5 years, respectively.

Conclusion: Late open conversion remains a valuable treatment option and can be performed
safely in elective and emergency setting with a low early mortality. Lifelong surveillance, and
prompt intervention when necessary are essential in ensuring optimal outcomes after EVAR and

preventing the need for emergent conversions.



55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

Introduction

Endovascular aneurysm repair (EVAR) has become the preferred treatment for abdominal aortic
aneurysm (AAA) with suitable anatomy [1-4]. This minimally invasive technique has now replaced
open aneurysm repair as the preferred treatment modality for most patients with suitable anatomy.
Although many reports demonstrated lower morbidity and short-term mortality for EVAR compared
with open surgical repair [1-4], randomized controlled trials have not shown a long-term survival
benefit [1,3]. The EVAR-1 trial clearly demonstrated higher survival rate for open repair after 15-
year follow-up [5]. Simultaneously, the re-intervention rate was much higher in the EVAR group,
above all because of persistent endoleaks and sac growth [5].

The occurrence of endoleak, potentially leading to AAA rupture, is still the main complication after
EVAR if not treated by re-intervention [6]. Long-term incidence of endoleak in the OVER trial was
30.5%, with one third of these patients needing at least one re-intervention [7]. Still, in daily
practice, EVAR is increasingly used in patients with difficult anatomy who fail to meet the criteria
defined by the device-specific instructions for use (IFU) [8]. This may lead to even more
endoleaks, but also other complications such as graft kinking and graft occlusion. Although most of
these complications can be treated by endovascular re-interventions [7-10], open conversion is
sometimes the last treatment option with an estimated incidence of 0-9% [11] . The mortality rates
of these conversions have been reported to be remarkably high, ranging from 20-40%, especially
in urgent cases [11-15].

The present study aimed to review indications of open conversion, procedural details and outcome
over a retrospective observational period of 17 years, including different generations of stent-grafts

in a tertiary aortic center with a high open surgical experience.
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Methods

All consecutive EVARSs performed between January 2004 and December 2020 in our institution
were reviewed. All patients who required late open surgical conversion > 30 days after initial EVAR
procedure were identified, including those who underwent open conversion after EVAR
implantation at an outside institution. Inclusion criteria involved patients who underwent complete
or partial removal of the endograft or open surgical modifications, such as aortic neck banding or
lumbar vessel suture/clipping, to address type Il endoleaks after failed endovascular attempt.
Patients who underwent conversion within 30 days after initial EVAR or due to an infected

endograft were excluded from the study (Fig. 1).

Data were collected from hospital charts and included patient demographics, comorbidities,
indication for EVAR (elective vs. ruptured), aneurysm diameter at EVAR and conversion, time from
EVAR implantation to conversion, used EVAR device, presence of intraoperative endoleak
(including type), reason for open surgical conversion, operative technique and details. Primary
endpoint of the study was 30-day mortality. Secondary endpoints were re-interventions and follow
up mortality. Patients were followed up until the date of death or December 31, 2022, meaning that

even the last included patients in the analysis had at least two years follow-up.

Adherence to device-specific IFU

DB and MR reviewed the computed tomography angiographies (CTA prior EVAR of all patients

and evaluated aneurysm anatomy according to IFU criteria of each stent-graft (Table 1).
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Late open conversion

The indications for late open conversion were discussed within the endoleak board consisting of
vascular surgeon, interventional angiologist and interventional radiologist. An open conversion
included complete or partial explantation of the endograft via median laparotomy or lumbotomy, as
well as open surgical modifications such as banding of the aortic neck around the endograft main
body, or ligation/clipping of lumbar arteries. The final decision was left at discretion of the treating

surgeon.

Data analysis and statistics

Continuous variables are presented as median values and interquartile range and categorical
variables as absolute numbers and percentages. Statistical analysis was performed with SPSS
version 29 (SPSS, Armonk, NY: IBM Corp). We calculated the frequency of various operative
factors, including stent graft details, interval to open surgical conversion, indications for conversion,
open surgical approach, and technigues used. Time-dependent outcomes were analyzed using the

Kaplan-Meier method.

Results

During the 17-year period from 2004 and 2020, a total of 443 EVARs were performed at our
institution. We identified 31 patients, who required open surgical conversion. Of these, three
patients (9.7 %) were referred who had initial EVAR procedure in another hospital. Patients had an
average age of 75 years (range 58-93) and 94% were male. Demographic data are summarized in

Table 2.

Initial EVAR was performed electively in 30 patients and as an emergency in one patient due to a
ruptured AAA. All patients met the device-specific instruction for use for each endograft. In ten
patients (32%) a severely kinked iliac axis was found. In all but one patient, a bifurcated device
was used. Adjunct procedures were performed in 7 patients (23%): one Palmaz stent and one

aortic cuff were successfully placed to address an intraoperatively detected type la endoleak; two
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patients underwent prophylactic embolization of the inferior mesenteric artery (IMA), and three

patients underwent embolization of lumbar arteries to prevent type lla or lIb endoleaks (Table 3).

Re-interventions before conversion

Before the conversion was performed, seventeen patients (55%) underwent a mean of 1.5+ 1.0
endovascular interventions. The majority of re-interventions were due to type Il endoleaks with sac
expansion (n=9, 53%), which were treated by coil embolization or laparoscopic clipping. In six
patients (35 %) proximal and/or distal extension/endoanchors were performed due to endoleak

type la and / or Ib. In two patients (12 %) limb occlusion occured which was endovascular treated.

Reasons and operative technical details of late open conversion

Open conversion was performed after a median of 55 months (range 16 - 209) from the time of

initial EVAR.

Explanted grafts included 17 Medtronic Endurant Il (55 %), 4 Medtronic Talent (13%), 4 Boston
Scientific Vanguard (13%), 3 Guidant Ancure (10%), 1 Terumo Anaconda (3%), 1 Lombard

Medical Aorfix (3%) and 1 Gore Excluder (3 %).

Conversion was required for multiple indication, including endoleak, migration, sac enlargement,
rupture, limb thrombosis and claudication (Table 4). In 80 % of patients, there was more than one
indication for conversion. Four patients had more than one type of endoleak. Three patients had
limb thrombosis as the indication for conversion, two of whom presented with repetitive uni-lateral
thrombosis as indication for repair. Acute rupture was the reason for conversion in nine patients
(29%). All patients presenting with a rupture had endoleak type | with disease progression or graft
migration or endoleak type Il with stentgraft dissconnection. Only one rupture occured due to sac

enlargement due to endoleak type Il
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In 24 cases (77%), open surgical conversion was performed via midline laparotomy and in seven
(23%) via left-sided lumbotomy. Median duration of surgery was 260 minutes (range 80 - 480) with

median intraoperative blood loss of 2550 ml (range 300 - 10000).

Complete explantation of stent-grafts was performed in 20 patients (65%) followed by aorto-iliac
reconstruction with a bifurcated polyester graft. Five patients (16%) underwent partial graft
explantation (Fig. 3) and in six patients (19%) stent-grafts were left untouched, with lumbar artery
ligation and proximal neck banding in one case. Twenty-one patients (68%) required suprarenal
clamping during median time of 33 minutes (range 28 - 46) and four (13%) infrarenal. In case we
explanted stent-grafts with suprarenal fixation, struts were cut-off and not explanted to avoid aortic

wall damage and more extensive preparation. Details can be found in Table 5.

30-day morbidity and mortality

30-day mortality rate was 3% (1/31). The patient who died, on the fourth day after surgery,
required emergency conversion due to rupture and underwent complete EVAR explantation with
in-situ replacement using a bifurcated graft. Postoperatively, the patient developed abdominal
compartment syndrome and required re-laparotomy for decompression and open abdominal
treatment. The patient ultimately succumbed to multi-organ failure. Overall 30-day morbidity rate
was 26% (8/31). Among them, five patients required in-hospital re-intervention (15%). Two of the
elective conversion patients experienced acute limb ischemia due to graft occlusion, requiring
surgical revascularization. One urgent conversion patient developed acute limb ischemia due to
peripheral embolism and received endovascular revascularization. The remaining two urgent
conversion patients required additional interventions, one for abdominal compartment syndrome
through decompression laparotomy and the other for evacuation of a retroperitoneal hematoma.
One patient experienced non-transmural colon ischemia without intervention, and one patient had
a stroke but recovered completely. Pneumonia treated with antibiotics occurred in one patient. All
postoperative complications were observed in the group of urgent conversions, despite two
surgical revisions for graft occlusion. Patients who underwent elective and/or partial explantation or

graft-preserving interventions did not experience significant postoperative complications. Notably,
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despite frequent suprarenal clamping (21/31), there were no significant incidents of kidney function
deterioration or the need for dialysis. No cardiac complications were detected. Median length of

hospital stay was 10 days (range 7 - 30).

Follow up mortality

Five patients (16%) died during median follow-up of 47 months (range 24 -191). Kaplan-Meier
estimated survival rate was 97%, 89%, and 84% at 1, 3, and 5 years, respectively (Standard error
exceeds 10 % at 6 years follow up) (Fig. 2). Follow-up information until death or the end of follow-

up (December 2022) was available for all patients, resulting in a follow-up index of 1.0.

Discussion

Late open surgical conversion continues to be an important treatment option following failed
EVAR, despite advancements in endograft design and surgeon experience. Although many late
complications of EVAR can be managed using endovascular techniques, there are instances

where late open conversion becomes necessary [15-16].

In our cohort, the rate of late open surgical conversion was 7%. This is slightly higher compared to
a meta-analysis conducted by Goudeketting et al. in 2019, which reported a conversion rate of
5.3% (95% Cl, 3.1%-7.4%) based on data from 27 studies encompassing a total of 791 patients
(617 elective and 174 urgent cases) [17]. A more recent multicenter study conducted by Perini et
al. even reported a rate of late open conversion of 2.22 % (232/10472 patients) [11]. The higher
rate in our cohort might be based on the comparable lower number of endovascular repair in
abdominal aortic aneurysm in the reported years and the tendency to prefer open conversion

towards endovascular solutions in treatment of endoleaks.

For a controlled conversion, main aim is to perform in an elective setting. High peri- and

postoperative experience in an aortic center could facilitate this complex procedure and diminsh
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peri- and postoperative operative mortality risk. This might explain why no death occured after
elective conversion. However, some patients might require an urgent/emergency conversion. The
average rate of urgent conversion varies around 22% (7.8% - 38.7%) [17-18]. In our study, urgent
conversion had to be performed in 35% (11/31) of patients mainly due to rupture. Perini et al. also
observed a similar trend and proposed that non-compliance with post-EVAR surveillance protocols

may contribute to this phenomenon [19].

Urgent late open conversions are associated with significantly higher rates of intra- and
postoperative morbidity and mortality [20]. Current literature reports a high morbidity rate of 67.6%
within 30 days after conversion, especially in emergency cases [19]. Our study confirmed these
findings as well, as 12 patients required emergency conversions. In these patients, we observed a
similarly high postoperative complication rate of 66%, including one case of graft occlusion with
acute limb ischemia, one case of abdominal compartment syndrome, one case of retroperitoneal
hematoma, one case of conservatively managed non-transmural colon ischemia, one stroke, and

one pneumonia.

Despite a high frequency of suprarenal clamping, we did not observe any significant deterioration
in kidney function or the onset of new transient or permanent dialysis. One possible explanation for
this is the relatively short duration of suprarenal clamping, with a median time of 33 minutes (range
28 - 46).

The literature also supports that postoperative mortality rates are higher in patients who undergo
emergency conversions, with rates reported between 29.2% and 43.2% [20-21]. This finding is
consistent with other studies highlighting multi-morbidity and emergency conversions as factors
associated with increased mortality [3,9,10,14,17,22]. We observed a low 30-day mortality rate of
3%, with the single patient who died having undergone emergency conversion due to rupture. In
16% of our patients (5/31) a partial conversion was performed and in 19% (6/31) the complete
graft could be preserved. This highligths the lower mortality rate compared to cases requiring

complete graft removing, a finding consistent with previous studies [23,24].
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In our study we excluded conversions for graft infection, which typically exhibit higher morbidity
and mortality rates compared to cases without graft infection [19]. The low 30-day mortality rate
observed in our cohort suggests that late EVAR conversions may have comparable mortality rates
to primary elective open repair, which range from 2% to 3% according to other reports [1,3,15,25].
In our patient cohort, the follow-up mortality rate was 16% (5/30). Three patients died from causes
unrelated to the aorta, while the cause of death remained unclear in two patients. The estimated 5-
year survival rate was 84%, which is comparable to the survival rates seen after elective repair of

AAA with EVAR according to previous studies [3-4].

A significant proportion of patients (52%) underwent secondary interventions before surgical
conversion, which is also reported in the literature, [3-4]. The most common indications for open
surgical conversion in our study was aneurysm sac enlargement due to type Il endoleaks and
migration respectively disease progression leading to endoleak type | a and/or Ib, similar to the

experience reported by other centers [8,9,11-13,26].

It is important to consider that our study included patients over a long retrospective time period. As
a result, different endografts were used, and the indications for conversion varied. Furthermore,
advancements in endovascular treatment options such as EndoAnchors, fenestrated and branched
EVAR, chimney EVAR, and coil and Onyx embolization prior to LOC should also be taken into

account when assessing the outcomes and indications for surgical conversion [27].

Various surgical technigues for late open surgical conversion after EVAR have been described,
which primarily differ in terms of the approach (transperitoneal vs. retroperitoneal), proximal cross-
clamping site (suprarenal, infrarenal, or supraceliac), and extent of graft removal (complete vs.
partial). These choices are typically guided by clinical factors, such as suprarenal fixation and the

reason for graft removal, as well as the surgeon's preference.
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In our series, the most common approach was transperitoneal access through laparotomy (84%),
which is consistent with the literature. However, some surgeons prefer the retroperitoneal
approach [20]. Within our patient cohort, three different techniques were performed: complete
replacement of endograft with an in-situ prosthetic graft, partial replacement of the endograft, and
preservation with cerclage technique or ligation of lumbar arteries. Whenever possible, the
decision should be made to offer the least invasive conversion option to the patient. Therefore,
partial endograft removal or even preservation of the endograft can be considered, if the procedure
is expected to be durable. Similar to other series, patients in our cohort presented with enlarging
aneurysms, active endoleaks, and periaortic inflammation, which can contribute to difficulties in

stent removal [17].

The adherence to the instructions for use (IFU) as a predictor of outcomes after EVAR remains a
topic of ongoing debate. Some authors downplay the impact of IFU criteria and suggest that EVAR
can be safely performed outside of the recommended guidelines [28-30]. However, large studies
have demonstrated an increased incidence of type | endoleaks, sac expansion, and the need for
early re-interventions in patients who undergo EVAR outside of the IFU criteria [5, 28]. In our
cohort all patients met the device-specific instruction for use of each graft. Nevertheless in ten out
of 31 patients a severly kinked iliac axis was found, which is not inlcuded in instruction for use but
is generally accepted as a risk factor for EVAR failure. However, the majority of late conversions in
our study were due to endoleak type la/lb due to graft migration and or disease progression and
endoleak type Il with sac expansion. Therefore, close follow-up in these patients remains crucial to

detect and manage these complications

Limitation

This study has several limitations that should be acknowledged. Firstly, it is a single-center study
with a retrospective analysis, which may introduce biases and limit the generalizability of the
findings to other settings. Additionally, the small number of patients included in the study may

impact the statistical power and precision of the results.
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The reported low early mortality has to be carefully interpreted due to the fact that complete and

partial replacement and graft preservation was included in the analysis.

Another limitation is the long retrospective observation period, which spans from January 2004 to
December 2020. During this time, there have been advancements in endograft techniques and
treatment options for endoleaks, which could have influenced the outcomes and management
strategies. The evolving nature of the field should be taken into consideration when interpreting the

results.

Despite these limitations, it is important to highlight that this study provides data on a rare
pathology from a tertiary hospital with expertise in open surgical procedures. The findings
contribute to the existing literature and provide insights into the outcomes and management of late

open surgical conversions after EVAR.

Conclusion

Open surgical conversion after EVAR is a well-established treatment and can serve as a rescue
modality for patients. It is recommended to perform the conversion in an elective setting at a high-
volume aortic center. In our center, the most common indication for conversion were endoleak type
la respectively Ib due to graft migration or disease progression and endoleak type Il endoleak with
sac enlargement. This highlights the critical importance of lifelong surveillance to detect potentially

problematic developments and prevent the need for emergency conversions.

Overall, open surgical conversion remains a valuable treatment option for patients who have
undergone EVAR. Lifelong surveillance, adherence to suitability parameters, and prompt
intervention when necessary are essential in ensuring optimal outcomes and preventing the need

for emergent conversions.



312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

ACKNOWLEDGEMENTS:

None

DISCLOSURES AND CONFLICTS OF INTEREST:

None



331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

a-T

References

Prinssen M, Verhoeven EL, Buth J, Cuypers PW, von Sambeek MR, Balm R,et al.. A
randomized trial comparing conventional and endovascular repair of abdominal aortic
aneurysm. N Engl J Med 2004;351:1607-18.

Brewster DC, Jones JE, Chung TK, Lamuraglia GM, Kolek CJ, Watkins MT, et al.
Longterm-outcomes after endovascular abdominal aortic aneurysm repair: the first decade.
Ann Surg 2006;244:426-38.

Greenhalgh R. Comparison of endovascular aneurysm repair with open repair in patients
with abdominal aortic aneurysm ( EVAR trial 1), 30 day operative mortality results:
randomized controlled trail. The Lancet 2004;364:843-8.

De Bruin JL, Baas AF, Buth J, Prinssen M, Verhoeven EL, Cuypers PW, et al.. Long-term
outcome of open or endovascular repair of abdominal aortic aneurysm. N Engl J Med
2010;362:1881-9.

Patel R, Sweeting MJ, Powell JT, Greenhalgh RM, for the EVAR trail investigators.
Endovascular versus open repair of abdominal aortic aneurysm in 15- years Follow up of
the UK endovascular aneurysm repair trial (EVAR trial 1): a randomized controlled trial. The

Lancet 2016;388:2366-74.

. Wyss TR, Brown LC, Powell JT, Greenhalgh RM. Rate and predictability of graft rupture

after endovascular and open abdominal aortic aneurysm repair. Ann Surg
2010;252(5):p805-812.

Lederle FA, Freischlag JA, Kyriakides TC, Matsumura JS, Padberg FT Jr, Kohler TR et al;
OVER Veterans Affairs Cooperative Study Group. Long-term comparison of endovascular
and open repair of abdominal aortic aneurysm. N Engl J Med 2012; 367: 1988-1997.
Schanzer A, Greenberg RK, Hevelone N, Robinson WP, Eslami MH, Goldberg RJ, et al.
Predictors of abdominal aortic aneurysm sac enlargement after endovascular repair.

Circulation 2011;123:2848-55.6.



357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

10.

11.

12.

13.

14.

15.

Sampram ESK, Karafa MT, Mascha EJ, Clair DG, Greenberg RK, Lyden SP, et al. Nature,
frequency, and predictors of secondary procedures after endovascular repair of abdominal
aortic aneurysm. J Vasc Surg 2003;37:930-7.

Hobo R, Buth J. Secondary interventions following endovascular abdominal aortic
aneurysm repair using current endografts. A EUROSTAR report. J Vasc Surg 2006;43:896-
902.

Paolo Perinit, Mauro Gargiulo 2, Roberto Silingardi 2, Stefano Bonardelli 4, Raffaello
Bellosta ®, Stefano Bonvini ¢, Stefano Michelagnoli’, Nicola Tusini 8, Patrizio

Capelli ®, Antonio Freyrie 19, LOCOS-1 investigators. Twenty-two Year Multicentre
Experience of Late Open Conversions after Endovascular Abdominal Aneurysm Repair.
Eur J Vasc Endovasc Surg. 2020 May;59(5):757-765.

Dingemans SA, Jonker FHW, Moll FL, van Herwaarden JA. Aneurysm sac enlargement
after endovascular abdominal aortic aneurysm repair. Ann Vasc Surg 2016;31:229-38.
Dua A, Kuy S, Lee CJ, Upchurch GR, Desai SS. Epidemiology of aortic aneurysm repair in
the United States from 2000 to 2010. J Vasc Surg 2014;59:1512-7

Lyden SP, McNamara JM, Sternbach Y, lllig KA, Waldman DL, Green RM. Technical
considerations for late removal of aortic endografts. J Vasc Surg 2002;36:674-8.

Vinay Kansal, Sudhir Nagpal, Prasad Jetty. Editor's Choice - Late Open Surgical
Conversion after Endovascular Abdominal Aortic Aneurysm Repair. J Vasc Surg. 2022

Sep;76(3):671-679.

16. Antoniou GA, Georgiadis GS, Antoniou SA, Neequaye S, Brennan JA, Torella F et al. Late

17.

rupture of abdominal aortic aneurysm after previous endovascular repair: a systematic
review and meta-analysis. J Endovasc Ther 2015;22:734-44.

Goudeketting SR, Ping Fung Kon J et al. Systematic review and meta-analysis of elective
and urgent late open conversion after failed endovascular aneurysm repair. J Vasc Surg

2019;70:2:P615-628.


https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Perini+P&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Gargiulo+M&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Silingardi+R&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Bonardelli+S&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Bellosta+R&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Bellosta+R&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Bonvini+S&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-6
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Michelagnoli+S&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-7
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Tusini+N&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-8
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Capelli+P&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Capelli+P&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-9
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Freyrie+A&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/32033872/#affiliation-10
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=LOCOS-1+investigators%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Kansal+V&cauthor_id=29223353
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Nagpal+S&cauthor_id=29223353
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Jetty+P&cauthor_id=29223353

383 18. Ben Abdallahl, El Batti S, Abou-Rjeili M, Fabiani J-N, Julia P, Alsac J-M. Open conversion

384 after endovascular abdominal aneurysm repair: an 8 year single center experience. Eur J
385 Vasc Endovasc Surg 2017;53:831-6.

386 19. Paolo Perini, Mauro Gargiulo, Roberto Silingardi, Elio Piccinin, Patrizio Capelli et al. Late
387 open conversion after abdominal aeurysm repair in an urgent setting. J Vasc Surg

388 2019;69:423-31).

389 20. Kouvelos G, Koutsoumpelis A, Lazaris A, Matsagkas M. Late open conversion after

390 endovascular abdominal aortic aneurysm repair. J Vasc Surg 2015;61:1350-6.

391 21. Elsayed N, Alhakim R, Al Nouri O, Baril D, Weaver F, Malas MB. Perioperative and long-
392 term outcomes after open conversion of endovascular aneurysm repair versus primary
393 open aortic repair. J Vasc Surg. 2023 Jan 1:P89-96.

394 22. Champlain LHIN. Population Characteristics for Champlain Health Link Areras. Octobre
395 2014. Retrieved November 7, 2017, from: www.champlainlhin.on.ca. Late conversion of
396 aortic stent grafts. J Vasc Surg 2009;49:589-95.

397 23. Perini P, Gargiulo M, Silingardi R, Bonardelli S, Bellosta R, Piffaretti G et al. Multicenter
398 comparison between open conversions and semi-conversions for late endoleaks after
399 endovascular aneurysm repair. J Vasc Surg 2022;76:104-112.

400 24. Esposito D, Onida S, Turner B, Rawashdeh M, Jenkins MP, Pulli R et al. Systematic review
401 and meta-analysis of outcomes after semi-conversion with graft preservation for failed
402 endovascular aneurysm repair. J Vasc Surg 2023;22:50741-5214(23)01926-2.

403 25. Nabi D, Murphy EH, Pak J, Zarins CK. Open surgical repair after failed endovascular

404 aneurysm repair: is endograft removal necessary? J Vasc Surg 2009;50:714-21.

405 26. Jimenez JC, Moore WS, Quinones-Baldrich WJ. Acute and chronic open conversion after
406 endovascular aortic aneurysm repair: a 14-year review. J Vasc Surg 2007;46:642-7.

407 27. Ameli-Renani S, Pavlidis V, Morgan RA. Secondary Endoleak Management Following
408 TEVAR and EVAR. Cardiovasc Intervent Radiol (2020) 43:1839-1854

409 28. Turney EJ, Steenberge SP, Lyden SP, Eagleton MJ, Srivastava SD, Sarac TP, et al. Late

410 graft explants in endovascular aneurysm repair. J Vasc Surg 2014,;59:886-93.


https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Perini+P&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Gargiulo+M&cauthor_id=32033872
https://pubmed.ncbi.nlm.nih.gov/35934217/
https://pubmed.ncbi.nlm.nih.gov/35934217/
https://pubmed.ncbi.nlm.nih.gov/35934217/

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

29. Abu Rhama AF, Yacoub M, Mousa AY, Abu-Halimah S, Hass SM, Kazil J, et al. Aortic neck
anatomic features and predictors of outcomes in endovascular repair of abdominal aortic
aneurysms following vs. not following instructions for use. J Am Coll Surg 2016;222:579-89.

30. Lee JT, Ullery BW, Zarins CK, Olcott C, Harris J, Dalman RL. EVAR deployment in

anatomically challenging necks outside the IFU. Eur J Vasc Endovasc Surg 2013;46:65-73.



431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

Figure legend:

Figure 1: Flowchart of patient selection according in — and exclusion criteria

Figure 2. Cumulative survival of patients with late open conversion after EVAR

Figure 3: Partial EVAR explantation with remaining iliac limbs
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Table 2: Demographic data of patients undergoing late open conversion (LOC)

Table 3: Details of initial EVAR procedures

Table 4: Indication for late open conversion

Table 5: Technical aspects of open conversion



451 Table legend:
452  Table 1: Device-specific instruction for use
Medtronic Medtronic | Guidant Vascutek Lombard Gore
Endurant Talent Ancure Terumo Medical Excluder
Anaconda Aorfix
Proximal neck:
- length >10 mm >10 mm >15 mm >15 mm >10 mm >15 mm
-diameter 18-32mm | <26mm | 175 —-31mm | 19-29mm | 16 —32 mm
-angulation <60° <60° <60° < 90° <90° <60°
Distal neck:
- length >15 mm >15 mm >20 mm >20 mm >10 mm >10 mm
- diameter 8 - 25 mm 8-22mm | <13 mm 8.5-21 mm 9-19mm 8 —-25mm
453
454
455
456
457
458
459
460
461
462
463

464




465  Table 2: Demographic data of patients undergoing late open conversion (LOC)

Variables N=31 (%)

Age at initial EVAR, years 73 (54-88)
Age at LOC, years 75 (58-93)
LOC interval?, months, median 55 (16-209)
(range)

Male sex 29 (93)

Risk factors

Obesity 5 (16)
Chronic kidney disease 10 (32)
CAD 9 (29)
Hypertension 30 (96)
Smoking (ongoing) 8 (26

Diabetes 7 (23)

Dyslipidemia 17 (55)

ASA score

3 20 (71)
4 11 (35)

466  (Abbreviations: ASA=Association of Society of Anesthesiology, CAD=Coronary artery disease,
467 EVAR=Endovascular aortic repair, LOC=Late open conversion)

468

469

470

471

472



473  Table 3: Details of initial EVAR procedures

474
Variables N=31 (%)
Preoperative aneurysm 6,2 (4,9 -10) 475
diameter, cm, median, range
Implanted endografts
476
Medtronic Endurant 17 (45)
Medtronic Talent 4 (23)
477
Boston Scientific Vanguard 4 (10)
Guidant Ancure 3(10)
478
Vascutek Terumo Anaconda 1(3)
Lombard Medical Aorfix 1(3)
A7Q
Gore Excluder 1(3) e
Configuration 480
Bifurcation 30 (97) 481
Tube 1(3)
482
N=7
Device adjuncts
483
Embolization 5
484
Palmaz stent 1
_ 485
Cuff extension L
Intraoperative endoleaks 486
Type la 2 487
Type Il 6
488
489
490

491
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Table 4: Indication for late open conversion.

Variables N=31(%)
Endoleak 28 (90)
Type | 19
Type ll 8
Type Il 2
Type V 2
Sac enlargement 25 (81)
With endoleak 23
Without endoleak 2
Migration 8
Disease progression 8
Rupture 9
Limb thrombosis 3
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Table 5: Technical aspects of open conversion

Variables N=31 (%)
Access
- Laparotomy 26 (84)
- Left-sided lumbotomy 5(16)
Complete explantation 20 (65)
Partial explantation 5 (16)
- Replacement of mainbody 2
- Replacement of both iliac limbs
3
Additional procedures without explantation 6 (19)
- Ligation of lumbar arteries and sac 5
wrapping
1

- Neck banding, ligation of lumbar

arteries and sac wrapping




Consecutive elective EVAR

(2004 — 2020)

N=443

v

Total converted EVAR

N=40

Non converted EVAR
N=403

v

Included patients

Conversion within 30 days
N=3
EVAR infection
N=6

N=31
Complete Partial No
N=20 N=5 N<6

Fig. 1: Flowchart of patient selection according in- and exclusion criteria
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Fig. 2: Cumulative survival of patients with late open conversion after EVAR

Survival
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(*broximal anastomosis**replacement of mainbody with Dacron y-prosthesis,jﬁ(remaining iliac limbs)

Figure 3: Partial EVAR explantation with remaining iliac limbs
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