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• 74 year old man

• Smoker

• Arterial hypertension

• Severely impaired left ventricular function

Ejection fraction 30%

C.A.

July 2015

Abdominal aortic aneurysm ⍉ 65 mm



RRA

LRA

80°angulated - 10 mm long



80°angulated - 10 mm long



Jotec bifurcated endograft

Proximal cuff

Type IA endoleak

Accidental coverage renal arteries

Permanent dyalisis



@ 9 months



@ 9 months

Proximal cuff

Bifurcated

endograft



@ 9 months

Preoperative CT scan

Coeliac trunk



Open surgery

Endovascular options

Patient unfit

Proximal cuff

PREOPERATIVE PLANNING

Aortouniliac endograft

Nellix EVAS System



“Unfirling of the endobags”



SMA

180 cm Nellix stent-graft



50 ml Polymer

Estimated 47 mL

AAA volume

“Pre-fill”



- No major complications

- Discharge @ 3 days



@ 2 years



FOLLOW-UP 

Survival Yes

Major complications No

AAA-related adverse events No

Migration No

Stenosis/limb occlusion No

Endoleaks No
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Meta-analysis

Introduction

Repair of abdominal aortic aneurysm (AAA) either by con-

ventional surgery or by endovascular aneurysm repair 

(EVAR) remains one of the most frequently undertaken vas-

cular surgical procedures. Incremental benefits of EVAR 

over conventional surgical repair have been extensively 

investigated, including numerous reported randomized con-

trolled trials.1–4 Despite an unequivocal acceptance that 

EVAR leads to significantly lower perioperative mortality 

and morbidity compared to conventional repair, claims of 

its superiority remain controversial. 5–8

Concerns remain that the early advantage afforded by 

EVAR is eroded by its lifelong susceptibility to failure 

sometime after the primary operation.9,10 Since the primary 

objective of aneurysm repair is to prevent rupture, that event 

601405 JETXXX10.1177/1526602815601405 Journal of Endovascular Therapy Antoniou et al
resear ch-article 2015

1Liverpool Vascular and Endovascular Service, Royal Liverpool University 

Hospital, Liverpool, UK
2Department of Vascular and Endovascular Surgery, University Hospital 

of Alexandroupolis, Democritus University of Thrace, Alexandroupolis, 

Greece
3Department of Surgery, University Hospital of Heraklion, University of 

Crete, Heraklion, Greece

Corresponding Author:

George A. Antoniou, 8C Link, Royal Liverpool University Hospital, 

Prescot Street, Liverpool, L7 8XP, UK. 

Email: antoniou.ga@hotmail.com

Late Rupture of Abdominal Aortic 
Aneurysm After Previous Endovascular 
Repair: A Systematic Review and  
Meta-analysis

George A. Antoniou, MD, PhD, MSc, FEBVS1, George S. Georgiadis, MD, PhD 2, 
Stavros A. Antoniou, MD, PhD 3, Simon Neequaye, MSc, BSc, FRCS1,  
John A. Brennan, MD, FRCS1, Francesco Torella, MD, FRCS1,  
and S. Rao Vallabhaneni, MD, FRCS, FEBVS1

Abstract

Purpose: To report a systematic literature review of late rupture of abdominal aortic aneurysm (AAA) after endovascular 

aneurysm repair (EVAR) and the results of a pooled analysis of causes, treatment, and outcomes. Methods: Electronic 

information sources and bibliographic reference lists were interrogated using a combination of free text and controlled 

vocabulary searches; 11 articles were ultimately identified that fulfilled the inclusion criteria. The articles reported a total 

of 190 patients who were included in the qualitative and quantitative synthesis. Mortality within 30 days or during the 

admission with aneurysm rupture was a primary endpoint; major perioperative morbidity was a secondary endpoint. A 

meta-analysis was performed for 30-day/in-hospital mortality using the random effects model. Results: A total of 152 

ruptures occurred after 16,974 EVAR procedures reported by 8 of the case series, giving an incidence of 0.9% [95% 

confidence interval (CI) 0.77 to 1.05]. The mean time to rupture was 37 months. Twenty-nine percent (95% CI 20 to 39) 

of the patients had at least one previous secondary endovascular intervention following the initial EVAR, and 37% (95% 

CI 30 to 45) were not compliant with surveillance. Type I and III endoleaks were the predominant causes of rupture. 

Open surgical treatment was undertaken in 61% (95% CI 53 to 68) of the patients who underwent treatment. The 

pooled estimate for perioperative mortality was 32% (95% CI 24 to 41). A significantly lower mortality was found with 

endovascular treatment than open surgical management (p=0.027). Conclusion: Graft-related endoleaks appear to be 

the predominant causes of late aneurysm rupture. Quality of and compliance with post-EVAR surveillance are important 

factors in late rupture; a large proportion of late ruptures are amenable to endovascular treatment.

Keywords

abdominal aortic aneurysm, endovascular aneurysm repair, stent-graft, complications, endoleak, aneurysm rupture, 

mortality, conversion, secondary interventions, surveillance, open repair, meta-analysis

EVAR 16974

Late rupture 159 (0.9%)
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Variable First-/second generation n/N (%) Third generation  n/N (%) P Value

Type III endoleak

No 69/79 (87.3%) 875/886 (98.8%)

Yes 10/79 (12.7%) 11/886 (1.2%) <.001

Cause Type III EL

Disconnection 8/15 (53.3%) 10/12 (83.3%) .38

Fabric defect 6/15 (40%) 2/12 (16.7%)
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Type III endoleak N=25

Patients N=20

Surgical conversion 3 (12%)

Endovascular technique 22 (88%)

Aortouniliac andograft 5 (20%)

Limb extension 7 (28%)

Covered stent 8(32%)

Proximal cuff 1 (4%)

Type III endoleak 2.1%



Use of the Nellix EVAS system to treat post-EVAR 

complications and to treat challanging infrarenal neck
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Commentary

Endovascular aneurysm repair (EVAR) has gradually 

replaced open surgery as the preferential treatment of 

patients with anatomically suitable abdominal aortic aneu-

rysms, despite the small but definite incidence of late com-

plications.1 These complications contribute to the reduced 

survival of patients treated with EVAR compared with those 

undergoing conventional surgery.2

In developed countries, the rise of EVAR has been 

accompanied by a parallel increase in life expectancy, with 

a gain of ~3 years in the past decade by those in the seventh 

decade of life; assuming this trend continues, an average 

65-year-old may soon expect to live well in excess of 20 

years.3 Patients with aortic aneurysms may not fare as well 

as “average” people, but many will still outlive their endo-

graft and require further treatment, sometimes many years 

after their original repair, when they may no longer be suit-

able for major surgical intervention. The ultimate failure of 

EVAR is aneurysm rupture, which is most commonly pre-

ceded and caused by type I or type III endoleaks.4 It thus 

seems inevitable that (endo)vascular specialists will be 

called to intervene on these complications with increasing 

frequency over the coming years.

In the February 2017 issue of the JEVT, Youssef and  

colleagues5 report their initial experience with the Nellix 

Endovascular Aneurysm Sealing (EVAS) system (Endologix 

Inc, Irvine, CA, USA) with and without visceral chimneys 

for post-EVAR secondary intervention for type Ia and type 

III endoleaks. They treated a small but challenging cohort of 

patients, many presenting urgently; some would have been 

difficult, if not impossible, to manage by other endovascular 

means. The authors’ results are impressive, particularly the 

100% technical success and the absence of visceral stent 

occlusion and endoleaks, albeit during a limited follow-up 

period. The reader should not assume that these outcomes 

are automatically reproducible, as they were achieved in 

large specialist centers with significant experience in both 

simple and complex EVAS.6–8 The reader should also be 

aware that, according to its instructions for use, the Nellix 

device is designed neither for secondary aortic procedures 

nor for the concomitant use of visceral chimneys. 9

Despite these caveats, the Nellix endoprosthesis offers 

some obvious advantages in this setting. For type III endo-

leaks, where proximal seal extension is not necessary, sim-

ple relining of the endograft with 2 Nellix stent-grafts can be 

performed with ease, even within short-bodied endografts, 

in which insertion of a second infrarenal bifurcated endo-

graft may be impossible. In the emergency situation, EVAS 

with visceral chimneys (chEVAS) offers an off-the-shelf 

solution to those patients with type Ia endoleak who require 

proximal extension of the seal. ChEVAS also has fewer ana-

tomical constraints than standard extension cuffs with vis-

ceral fenestrations (which can be very difficult to deploy), 

and its use has been recently supported by the announcement 

of the early results of the ASCEND registry.10 Gutter-related 

endoleaks, which are sometimes encountered after chimney 

EVAR, do not seem to be a problem with chEVAS.10

While there are some self-evident merits in the proposed 

technique, it is also important to highlight some potential 

limitations for the benefit of those who may wish to 

introduce it to their practice. EVAS, when used as primary 
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Clinical Investigation

Introduction

In the era of endovascular therapy, the number of patients 

with failed endovascular aneurysm repair (EVAR) is increas-

ing, with 19.2% of patients requiring additional secondary 

procedures in the long term.1 Distal endograft migration and 

type I endoleak are among the more serious complications of 

EVAR. Type I and III endoleaks may occur in up to 12% of 

EVAR patients2 and represent the predominant cause of late 

rupture and need for reintervention. 3

The majority of endoleaks can be treated with endovas-

cular techniques; however, the best method has been an 

issue of debate. It is estimated that open conversion may 

be required in 3.7% of EVAR patients,4 representing a 

therapeutic dilemma in older patients with significant 

comorbidities. Several endovascular approaches, includ-

ing custom-designed fenestrated stent-grafts, infrarenal 

extension cuffs, extra-large stents, endoanchors, and coil 

embolization, have been described in conjunction with 

EVAR salvage maneuvers.5,6 However, there is no “first 

choice” of the reintervention method to treat type I and III 

endoleaks.

The methods and their technical success may depend on 

the anatomy, experience of the vascular center, and the onset 

of the aortic pathology. Therefore, the use of additional 
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Abstract

Purpose: To assess the technical success and clinical outcome of reinterventions using the Nellix Endovascular Aneurysm 

Sealing (EVAS) System to treat complications after endovascular aneurysm repair (EVAR). Methods: Fifteen consecutive 

patients (mean age 79 years; 14 men) with prior EVAR were treated with EVAS between March 2014 and December 2015 

at 2 institutions. The failed prior EVARs included 13 bifurcated endografts, 1 bifurcated graft plus fenestrated cuff, and 

1 tube endograft. Endoleaks were the predominant indications: type Ia in 10 and type III in 5 (3 type IIIa and 2 type IIIb). 

All patients presented with progressive aortic aneurysms (median 7.85-cm diameter; range 6.5–11). Eight patients were 

treated on an urgent or emergency basis (6 symptomatic aneurysms and 2 contained ruptures). All patients underwent 

Nellix relining of the failed stent-graft; 10 had chimney (Ch) procedures in combination with EVAS (chEVAS) because the 

proximal landing zones were inadequate. Results: Technical success was 100%. All endoleaks were successfully sealed, and 

no additional intervention was required. No further endoleak after EVAS or chEVAS was recorded. Endobag protrusion 

occurred in 1 case without sequelae. One elderly patient with ruptured aneurysm died from multiple organ failure 2 months 

postoperatively. One renal artery guidewire injury led to nephrectomy because of active bleeding. No reinterventions, 

aneurysm-related mortalities, graft thrombosis, endoleaks, or chimney graft occlusions were observed during a median 

follow-up of 8 months (range 3–24). Conclusion: The present preliminary experience demonstrates that the use of EVAS/

chEVAS is feasible for treatment of failed EVAR. This technique may be used as bailout or an alternative treatment when 

other established methods are infeasible or not available.

Keywords

abdominal aortic aneurysm, chimney grafts, endoleak, endovascular aneurysm repair, endovascular aneurysm sealing
Complications after EVAR 15

Endoleak type Ia 10

Endoleak Type IIIa/IIIb 3/2
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Experimental Investigation

Introduction

Treatment of type IIIb endoleak after conventional endo-

vascular aneurysm repair (EVAR) can take several forms. It 

may be treated through open operation and explantation of 

the original device, albeit with significant morbidity and 

mortality.1 An alternative endovascular solution is to reline 

the original device with another bifurcated or aortouni-iliac 

stent-graft.2 The endovascular relining technique may be 

complicated, however, due to the length of the original main 

body component, precluding incorporation of a standard 

graft. Fenestrated cuffed devices with or without internal-

ized contralateral limbs may be required in order to reline 

the fabric defect while accommodating the dimensions of a 

short-bodied device.3

The Nellix Endovascular Aneurysm Sealing (EVAS) 

System (Endologix, Irvine, CA, USA) has been used to 

reline EVAR stent-grafts in the setting of endoleak and 

impending failure.4–6 We recently treated with success 

several cases of probable late type IIIb endoleak using the 

Nellix device.7 The insertion of the Nellix stent or a unilat-

eral stent-graft within a standard stent-graft will inevitably 

change the hemodynamic forces experienced at the aortic 

neck and within the iliac vessels. There may be a disadvan-

tageous increase in the distraction force, potentially causing 

subsequent migration of the combined stents and prompting 

type Ia endoleak. To investigate this hypothesis, a mathe-

matical model was constructed to investigate the changes in 

distraction force following relining of a conventional aortic 
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Abstract

Purpose: To examine the changes in distraction force following relining of a conventional abdominal aortic stent-graft with 

a type IIIb endoleak using the Nellix endovascular sealing device compared to a unilateral stent-graft. Methods: Relining 

is often used to repair type IIIb endoleaks, but the consequences to graft stability are unknown. A mathematical model 

was constructed based on pressure and volume flow through the stent-grafts, incorporating recognized distraction force 

equations. Steady flow was presumed at peak systolic pressures to calculate the maximum distraction force, with gravity 

ignored. Distraction forces for 28- to 36-mm-diameter stent-graft bodies with 16-mm limbs were calculated and compared 

to forces following relining with single and double Nellix devices or the Renu unilateral device. Results: Distraction forces 

for the 28-, 32-, and 36-mm stent-grafts prior to relining were 5.99, 10.21, and 14.99 N, respectively. Similar forces were 

reported after relining with bilateral Nellix devices (5.86, 10.08, and 14.86 N, respectively). However, use of a unilateral 

Nellix increased the distraction forces to 9.92, 14.14, and 18.92 N, respectively. These were comparable to the increase 

observed after relining with a Renu unilateral stent-graft (9.87, 14.09, and 18.86 N, respectively). The proportional increase 

in distraction force for a unilateral relining ranged from 26% to 66%, with the greatest increase noted in the smaller 

diameter main bodies. Conclusion: Relining a stent-graft with a type IIIb endoleak using bilateral Nellix devices does not 

increase the distraction force. However, a unilateral Nellix device or the Renu system could theoretically increase the 

distraction force by up to 66%, potentially risking migration and type Ia endoleak. In clinical practice, these results suggest 

that a relining with bilateral Nellix may have benefits over the Renu unilateral stent-graft.

Keywords

abdominal aortic aneurysm, computational models, device failure, endoleak, endograft, endovascular aneurysm sealing, 

stent-graft
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Technical aspects

“Unfirling” of the endobags
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Commentary

Endovascular aneurysm repair (EVAR) has gradually 

replaced open surgery as the preferential treatment of 

patients with anatomically suitable abdominal aortic aneu-

rysms, despite the small but definite incidence of late com-

plications.1 These complications contribute to the reduced 

survival of patients treated with EVAR compared with those 

undergoing conventional surgery.2

In developed countries, the rise of EVAR has been 

accompanied by a parallel increase in life expectancy, with 

a gain of ~3 years in the past decade by those in the seventh 

decade of life; assuming this trend continues, an average 

65-year-old may soon expect to live well in excess of 20 

years.3 Patients with aortic aneurysms may not fare as well 

as “average” people, but many will still outlive their endo-

graft and require further treatment, sometimes many years 

after their original repair, when they may no longer be suit-

able for major surgical intervention. The ultimate failure of 

EVAR is aneurysm rupture, which is most commonly pre-

ceded and caused by type I or type III endoleaks.4 It thus 

seems inevitable that (endo)vascular specialists will be 

called to intervene on these complications with increasing 

frequency over the coming years.

In the February 2017 issue of the JEVT, Youssef and  

colleagues5 report their initial experience with the Nellix 

Endovascular Aneurysm Sealing (EVAS) system (Endologix 

Inc, Irvine, CA, USA) with and without visceral chimneys 

for post-EVAR secondary intervention for type Ia and type 

III endoleaks. They treated a small but challenging cohort of 

patients, many presenting urgently; some would have been 

difficult, if not impossible, to manage by other endovascular 

means. The authors’ results are impressive, particularly the 

100% technical success and the absence of visceral stent 

occlusion and endoleaks, albeit during a limited follow-up 

period. The reader should not assume that these outcomes 

are automatically reproducible, as they were achieved in 

large specialist centers with significant experience in both 

simple and complex EVAS.6–8 The reader should also be 

aware that, according to its instructions for use, the Nellix 

device is designed neither for secondary aortic procedures 

nor for the concomitant use of visceral chimneys. 9

Despite these caveats, the Nellix endoprosthesis offers 

some obvious advantages in this setting. For type III endo-

leaks, where proximal seal extension is not necessary, sim-

ple relining of the endograft with 2 Nellix stent-grafts can be 

performed with ease, even within short-bodied endografts, 

in which insertion of a second infrarenal bifurcated endo-

graft may be impossible. In the emergency situation, EVAS 

with visceral chimneys (chEVAS) offers an off-the-shelf 

solution to those patients with type Ia endoleak who require 

proximal extension of the seal. ChEVAS also has fewer ana-

tomical constraints than standard extension cuffs with vis-

ceral fenestrations (which can be very difficult to deploy), 

and its use has been recently supported by the announcement 

of the early results of the ASCEND registry.10 Gutter-related 

endoleaks, which are sometimes encountered after chimney 

EVAR, do not seem to be a problem with chEVAS.10

While there are some self-evident merits in the proposed 

technique, it is also important to highlight some potential 

limitations for the benefit of those who may wish to 

introduce it to their practice. EVAS, when used as primary 
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