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CHAPTER 3
Influence of severe infrarenal aortic neck

angulation on complications at the 
proximal neck following endovascular

abdominal aortic aneurysm repair

Roel Hobo, Jur Kievit, Lina J. Leurs, and Jacob Buth

J Endovasc Ther 2007;14:1-11.
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Abstract

Purpose: To examine the influence of severe infrarenal neck angulation
(SNA) on complications after endovascular repair of abdominal aortic
aneurysm (AAA).
Methods: From October 1996 to January 2006, 5183 patients who under-
went endovascular aneurysm repair using a Talent, Zenith, or Excluder
stent-graft were enrolled into the EUROSTAR registry. Incidence of proxi-
mal type I endoleak, stent-graft migration, proximal neck dilatation,
aneurysm rupture, secondary interventions, and all-cause and aneurysm-
related mortality were compared between patients with and without severe
infrarenal neck angulation (>60° angle between the infrarenal aortic neck
and the longitudinal axis of the aneurysm).
Results: In the short term (before discharge), proximal type I endoleak (OR
2.32, 95% CI 1.60 to 3.37, p<0.0001) and stent-graft migration (OR 2.17,
95% CI 1.20 to 3.91, p=0.0105) were observed more frequently in patients
with SNA. Over the long term, higher incidences of proximal neck dilatation
> 4 mm (HR 1.26, 95% CI 1.11 to 1.43, p=0.0004), proximal type I
endoleak (HR 1.80, 95% CI 1.25 to 2.58, p=0.0016), and need for sec-
ondary interventions (HR 1.29, 95% CI 1.00 to 1.67, p=0.0488) were seen
in patients with SNA. All-cause mortality, aneurysm-related mortality, and
rupture of the aneurysm were similar in patients with and without severe
neck angulation.
In the subgroup of patients with an Excluder endograft, proximal endoleak
at the completion angiogram (OR 4.49, 95% CI 1.31 to 15.32, p=0.0166)
and long-term proximal neck dilatation (HR 1.67, 95% CI 1.20 to 2.33,
p=0.0026) were more frequently observed in patients with SNA. In the
Zenith subgroup, proximal endoleak at the completion angiogram (OR
2.62, 95% CI 1.49 to 4.63, p=0.0009) and proximal stent-graft migration
before discharge (OR 2.34, 95% CI 1.06 to 5.19, p=0.0353) were more
common in patients with SNA. In the Talent subgroup, long-term proximal
endoleak (HR 2.09, 95% CI 1.27 to 3.44, p=0.0036), proximal neck dilata-
tion (HR 1.29, 95% CI 1.05 to 1.60, p=0.0168), and secondary interven-
tions (HR 1.54, 95% CI 1.05 to 2.24, p=0.0259) were more frequently
observed in patients with SNA.
Conclusion: Severe infrarenal aortic neck angulation was clearly associat-
ed with proximal type I endoleak, while the relationship with stent-graft
migration was not clear. Excluder, Zenith, and Talent stent-grafts perform
well in patients with severe neck angulation, with only a few differences
among devices.
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Introduction

Endovascular treatment of abdominal aortic aneurysms (AAA) is an estab-
lished alternative to open repair. The 30-day mortality is decreased by two
thirds in patients treated by endovascular aneurysm repair (EVAR). During
longer follow-up, the aneurysm-related mortality remains better than after
open repair. In the endovascular group, the 1-year all-cause mortality rate,
which is primarily related to pre-existing medical conditions, tends to
approximate the rate in open repair patients.1-4 Another concern is that life-
long surveillance is still required to monitor perfect endograft function and
signal the need for secondary interventions.5

EVAR may not always be the best treatment option, as not all patients are
eligible for EVAR owing to aortoiliac morphology. Proper patient selection is
essential to minimize the risk of post-EVAR complications, and several crite-
ria have been described to identify patients at high risk for EVAR failure.6-10

Aortic morphology, especially related to the proximal neck, often compli-
cates the procedure or increases the risk for late device-related complica-
tions. The influence of severe infrarenal aortic neck angulation (SNA) on
EVAR outcome has been assessed in a number of institutional patient
series.11-15 In the present report, we analyzed the data in a large multicen-
tre series. One may suspect SNA to be associated more frequently with
proximal type I endoleak, infrarenal aortic neck dilatation, proximal stent-
graft migration, and eventually rupture of the aneurysm. Therefore, the
aim of this study was to examine the influence of SNA on these complica-
tions after EVAR.

Methods

Registry Design

The EUROSTAR registry is a European collaborative established in February
1996 to collect extensive multicentre experience on EVAR.16,17 Patients with
non-ruptured, asymptomatic infrarenal AAA selected for endovascular
repair were prospectively enrolled into the registry on an intention-to-treat
basis after informed consent was obtained. Patient characteristics, risk fac-
tors put forth in the Society for Vascular Surgery (SVS)/American
Association for Vascular Surgery (AAVS) guidelines,18 aneurysmal morphol-
ogy assessed by computed tomography (CT), procedural details, and post-
operative outcome were recorded. Follow-up findings from clinical exami-
nation and CT assessment or, far less frequently, angiography, magnetic
resonance imaging, or duplex ultrasound scanning were recorded at 1, 3,
6, 12, 18, and 24 months and annually thereafter. Registry data were main-

Severe infrarenal aortic neck angulation
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tained in a computerized database (www.eurostar-online.org; KIKA
Medical, Nancy, France) that provided password-protected online access to
participating physicians and industrial companies. 

 Present (n=1152) Absent (n=4031) p 

Age, y 74.3±7.5 72.1±7.7 <0.0001 

Female gender  112 (9.7%) 211 (5.2%) <0.0001 

ASA III/IV 634 (55.0%) 1904 (47.2%) <0.0001 

Unfit for open repair  308 (26.7%) 930 (23.1%)  0.0157 

Unfit for general anesthesia  135 (11.7%) 335 (8.3%) 0.0006 

Diabetes 142 (12.3%) 527 (13.1%)  NS 

Smoking 267 (23.2%) 910 (22.6%) NS 

Hypertension  754 (65.5%) 2675 (66.4%) NS 

Hyperlipidemia  525 (45.6%) 1852 (45.9%)  NS 

Cardiac disease  710 (61.6%) 2451 (60.8%) NS 

Carotid disease  208 (18.1%) 741 (18.4%) NS 

Renal disease  226 (19.6%) 784 (19.5%) NS 

Pulmonary disease  518 (45.0%) 1672 (41.5%) 0.0346 

Previous laparotomy  312 (27.1%) 1036 (25.7%)  NS 

Obesity 320 (27.8%) 1130 (28.0%) NS 

Proximal neck diameter, mm  24.2±3.2 24.2±3.3 NS 

Proximal neck length, mm 24.8±10.4 27.6±12.3 <0.001 

AAA sac diameter, mm  63.8±12.6 57.9±10.4 <0.001 

AAA ≥ 60 mm 683 (59.3%) 1491 (37.0%)  <0.001 

CIA Aneurysm 119 (10.3%) 423 (10.5%)  NS 

Hypogastric artery occlusion  72 (6.3%) 278 (6.9%) NS 

Angulated aneurysm  286 (24.8%) 292 (7.2%) <0.001 

Angulated iliac arteries  711 (61.7%) 1451 (36.0%)  <0.001 

Continuous data presented as means ± standard deviation; categorical data are given as the counts (per-
centage). ASA: American Society of Anesthesiologists, NS: not significant, AAA: abdominal aortic
aneurysm, CIA: common iliac artery.

Table 1. Patient and Morphological Characteristics According to the Presence/Absence of
Severe Neck Angulation (>60°)



43

Patient Population

The EUROSTAR database was interrogated to identify patients treated
between October 1996 and January 2006. Patients with (1) a maximum
aneurysm sac diameter <40 mm, (2) missing preoperative infrarenal neck
measurements, and (3) no recorded follow-up visit or drop-out event were
excluded, leaving 5183 patients (4860 men; mean age 72.6±7.7 years)
from 159 centres in 18 countries in the current analysis. The Zenith stent-
graft (Cook Inc., Bloomington, Indiana) was used in 2486 (48.0%)
patients, the Talent stent-graft (Medtronic Vascular, Santa Rosa, Calif) in
1796 (34.6%), and the Excluder stent-graft (W. L. Gore & Associates, Inc.,
Flagstaff, Ariz) in 901 (17.4%). Severe infrarenal aortic neck angulation
was present in 1152 (22.2%) patients.

Endpoints and Definitions

For the purposes of this analysis, severe neck angulation was defined as a
>60° angle between the infrarenal aortic neck and the longitudinal axis of
the aneurysm. The incidence of proximal neck dilatation >4 mm relative to
the preoperative neck diameter and both the short- (at the first postoper-
ative scan and before discharge) and long-term incidences of proximal type
I endoleak, stent-graft migration, aneurysm rupture, secondary interven-
tions, and all-cause and aneurysm-related mortality were compared
between patients with and without SNA. Proximal endoleaks in the short
term were those seen on the completion angiogram at the end of the pro-
cedure. Proximal neck dilatation was defined as an increase of at least 4
mm compared with the proximal neck diameter at the preoperative mea-
surement. Aneurysm-related mortality was defined as death within 30 days
of the initial procedure or after secondary intervention and any death asso-
ciated with rupture or endograft infection.

Statistical Analysis

Chi-square, Mann-Whitney, and logistic regression analyses were per-
formed to assess short-term outcome variables; Kaplan-Meier life tables
and Cox proportional hazards models were used to assess long-term out-
come variables. Results were expressed as adjusted odds ratio (OR) or haz-
ard ratios (HR) with corresponding 95% confidence intervals (CI); p<0.05
was considered statistically significant. All analyses were performed using
SAS statistical software (version 8.02; SAS Institute Inc., Cary, North
Carolina). Reporting was in accordance with the guidelines of the ad hoc

Severe infrarenal aortic neck angulation
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Committee for Standardized Reporting Practices in Vascular Surgery of the
SVS/AAVS.19

Results

The 1152 patients with SNA were older (74.3 versus 72.1 years,
p<0.0001), more often female (9.7% versus 5.2%, p<0.0001), had a high-
er ASA (American Society of Anesthesiologists) score (55.0% versus
47.2%, p<0.0001), and were more often unfit for open AAA repair (26.7%
versus 23.1%, p=0.0157) and general anesthesia (11.7% versus 8.3%,
p=0.0006) than patients without SNA (Table 1).

SNA was associated with preoperative maximum aneurysm diameter
(63.8 versus 57.9 mm, p<0.0001), aneurysm angulation (24.8% versus
7.2%, p<0.0001), and iliac artery angulation (61.7% versus 36.0%,
p<0.0001). Proximal infrarenal neck length was shorter in patients with
SNA (24.8 versus 27.6 mm, p<0.0001), while proximal neck diameter was
similar (24.2±3.3 mm) in both groups. Prevalence of co-existing common
iliac artery aneurysm (10.3% versus 10.5%, p=NS) or hypogastric artery
occlusion (6.3% versus 6.9%, p=NS) was similar in both groups (Table 1).

Proximal type I endoleak (Table 2) at the completion angiogram was
observed significantly more frequently in patients who had SNA than in
patients who did not (OR 2.32, 95% CI 1.60 to 3.37, p<0.0001). Early
proximal stent-graft migration was significantly more common in patients
with SNA (OR 2.17, 95% CI 1.20 to 3.91, p=0.0105). The incidences of
perioperative aneurysm rupture, need for secondary intervention, and 30-
day mortality were similar in both patient groups.

Categorical data are given as the percentage.
CI: confidence interval, NS: not significant.
* Odds ratio adjusted for age, gender, risk factors, morphological factors, and experience.

 Present 

(n=1152) 

Absent 

(n=4031) 

Adjusted* 

Odds Ratio 95% CI p 

Proximal endoleak  4.9% 1.9% 2.32 1.60 to 3.37  <0.0001 

Stent-graft migration  1.6% 0.8% 2.17 1.20 to 3.91  0.0105 

Aortic rupture  0.26% 0.02% 6.44 0.64 to 64.59  NS 

Secondary intervention  3.1% 2.6% 0.96 0.64 to 1.43 NS 

Mortality 4.0% 2.9% 0.89 0.62 to 1.30  NS 

Table 2. Multivariate Analysis of Short-term Outcomes (30 Days) According to the
Presence/Absence of Severe Neck Angulation (>60°)
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During follow-up (mean 19.9±17.9 months), proximal infrarenal neck
dilatation >4 mm was observed more often in patients with SNA (HR 1.26,
95% CI 1.11 to 1.43, p=0.0004) (Table 3, Figure 1). After the first month,
the incidence of proximal type I endoleak (Figure 2) was still higher (HR
1.80, 95% CI 1.25 to 2.58, p=0.0016), but the incidence of stent-graft
migration was not significantly increased in patients with SNA (Figure 3).
The incidence of rupture was similar in both patient cohorts: ~2% after 4
years. Secondary interventions (Figure 4) were more frequently required in
patients with SNA (HR 1.29, 95% CI 1.00 to 1.67, p=0.0488). Both mor-
tality from all causes and aneurysm-related mortality were similar in both
patient groups.

Subgroup analysis according to device brand (Table 4) revealed that SNA
was more often present in patients treated with the Excluder device
(26.8%) compared with patients with the Talent or Zenith devices (both
21.3%, p=0.0016). In patients who received the Excluder device, proximal
type I endoleak at the completion angiogram (OR 4.49, 95% CI 1.31 to
15.32, p=0.0166) and proximal neck dilatation (HR 1.67, 95% CI 1.20 to
2.33, p=0.0026) were significantly more frequently observed in patients
with SNA. In patients with the Zenith device, perioperative proximal type I
endoleak (OR 2.62, 95% CI 1.49 to 4.63, p=0.0009) and migration (OR
2.34, 95% CI 1.06 to 5.19, p=0.0353) were associated with SNA. The

Severe infrarenal aortic neck angulation

Categorical data are given as the percentage.
CI: confidence interval, NS: not significant.
* Odds ratio adjusted for age, gender, risk factors, morphological factors, and experience.

 Present 

(n=1152) 

Absent 

(n=4031) 

Adjusted* 

Hazard Ratio  

95% CI 

 

p 

 

Proximal neck dilatation  50.1% 46.8% 1.26 1.11 to 1.43  0.0004 

Proximal type I endoleak  6.5% 3.2% 1.80 1.25 to 2.58  0.0016 

Stent-graft migration  5.9% 4.3% 1.25 0.79 to 1.98  NS 

Rupture 2.1% 1.7% 1.51 0.68 to 3.34  NS 

Secondary intervention  13.6% 10.8% 1.29 1.00 to 1.67  0.0488 

All-cause mortality 24.1% 23.6% 0.87 0.72 to 1.04 NS 

Aneurysm-related 

mortality 

6.8% 4.7% 1.02 0.75 to 1.38 NS 

Table 3. Multivariate Analysis of Long-term Outcomes According to the Presence/Absence of
Severe Neck Angulation (>60°)
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Talent device was associated with an increased incidence of infrarenal neck
dilatation (HR 1.29, 95% CI 1.05 to 1.60, p=0.0168) and proximal type I
endoleak at both the completion angiogram (OR 2.29, 95% CI 1.38 to 3.80,
p=0.0014) and during follow-up (HR 2.09, 95% CI 1.27 to 3.44, p=0.0036)
in patients with SNA. In addition, the need for secondary interventions (HR
1.54, 95% CI 1.05 to 2.24, p=0.0259) was associated with SNA in patients
who received the Talent device.

Discussion

Infrarenal proximal aortic neck morphology is one of the most important
determinants for successful endovascular abdominal aneurysm repair. The
current study demonstrated a substantial increase in the incidence of prox-
imal type I endoleak at the attachment site both at the postoperative com-
pletion angiogram and during follow-up assessments. Despite the increase
in proximal endoleaks, the rate of stent-graft migration was elevated only
in the perioperative period. Although proximal endoleak is strongly associ-
ated with rupture of the aneurysm,20 the incidence of rupture was too low
to reveal any significant association with severe infrarenal aortic neck
angulation in the entire study group. However, incidences of proximal
endoleak and proximal migration in ruptured patients were as high as 17%

Figure 1.  Freedom from proximal neck.



47

and 24%, respectively. Dilatation of the proximal infrarenal aortic neck,
which was found to be another predictor for endograft migration in an ear-
lier EUROSTAR report,21 was also associated with SNA. Secondary interven-
tions associated with repair of proximal endoleaks were more frequently
performed in patients who had severe infrarenal aortic neck angulation.

Dias et al.,12 who also assessed the consequences of SNA, did not observe
an association between proximal endoleak at the completion angiogram
and angulated infrarenal necks or any other adverse neck characteristic.
This absence of correlation probably was due to their small patient cohort.
In another report, Robbins et al.14 found no association with endoleak,
stent-graft migration, or aneurysm sac expansion. However, device kinking
was observed more frequently in patients who had severe neck angulation.
Although device kinking was univariately associated with severe neck angu-
lation (p=0.0049) in our study, it just barely failed to achieve statistical sig-
nificance after adjustment for confounding factors. Dillavou et al.15 claimed
clinical outcomes in patients with hostile neck anatomy that were not dif-
ferent from patients with more suitable anatomy. This observation was only
partly based on severe infrarenal aortic neck angulation, as their compari-

Severe infrarenal aortic neck angulation

Figure 2.  Freedom from proximal type I endoleak.
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son regarded several adverse configurations of the neck. However, our cur-
rent study also adds evidence for acceptable outcomes of EVAR in patients
with angled infrarenal necks. Lee et al.,22 who investigated anatomical risk
factors for stent-graft migration, failed to demonstrate any association with
neck angulation, but their report encompassed only a small patient series.

Sternbergh et al.13 claimed that aortic neck angulation was an important
determinant of outcome after endovascular repair. They reported an
increased rate of operative death and early conversion to open aortic repair
in patients with moderate (40°-59°) and severe (>60°) aortic neck angula-
tion, which would have major implications for considering EVAR in these
patients. However, in our study, we could not demonstrate an adverse
effect of infrarenal neck angulation on 30-day mortality or conversion rates.
Sternbergh further reported an increase in late aneurysm sac expansion,
proximal type I endoleak, and endograft migration. Our analysis confirmed
the first two correlating events but not migration. A clinical association of
neck angulation with proximal endoleak and stent-graft migration was also
observed by Albertini et al.,11 who claimed infrarenal neck angulation to be
the most important determinant for these two complications. The same
investigators also demonstrated the correlation between proximal endoleak

Figure 3.  Freedom from stent-graft migration.
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and the degree of neck angulation in an experimental flow model using
adjustable silicone tubes representing the abdominal aorta.23

Blood flow through a stent-graft acts as a displacing force. In severely
angulated aortic necks, the endograft is curved, resulting in a larger force
exerted at the outer wall and thus a larger displacement force. The endo-
graft is normally held in position by friction dependent on the radial force
of the graft against the aneurysm wall and the contact surface between the
graft material and the wall. The length of the proximal attachment may be
decreased in severely angulated necks, leading to a smaller contact surface
and thus lower friction forces.11 When displacement forces exceed friction
forces, stent-graft migration will occur. However, in our study, we could
demonstrate only the association of severe neck angulation with early post-
operative stent-graft migration, while the absolute rate of migration during
follow-up was too low to confirm the role of SNA.

Considering specific endograft devices, all investigated devices (Excluder,
Zenith, and Talent) had satisfactory treatment outcomes in patients with
SNA, with only an increased risk for short-term proximal type I endoleak
and migration for the Excluder and Zenith models, while the Talent device
presented an increased long-term risk to proximal type I endoleak and sec-
ondary intervention.

Severe infrarenal aortic neck angulation

Figure 4.  Freedom from secondary interventions.



50

Chapter 3

Neck angulation is just one factor that determines whether an endovascu-
lar approach is feasible. Patients with severely angulated infrarenal necks
often display co-existing features of complex neck morphology.15 The
degree of neck angulation has been correlated with maximum aneurysm
sac diameter, neck length, aneurysm length, reversed neck tapering,
suprarenal aortic angulation, and sac to left iliac artery angulation,24 all fac-
tors that may interfere with good EVAR outcomes. Fenestrated stent-grafts
crossing the orifices of the renal arteries have been developed to overcome
insufficient neck lengths.25,26 This type of graft is still a novelty under inves-
tigation, and its deployment in an angulated neck is considerably more
risky than in a straight neck.

Limitations

The degree of aortic neck angulation was not taken into account in the cur-
rent study, as there was considerable variation in the severity of angula-
tion. We believe this to be the result of interobserver variability. In addi-
tion, it was left to individual physicians in this registry to judge whether
neck angulation was severe. An exact definition of aortic neck angulation

  Short-term   Long-term  

 

Severe 

Angulation, %  OR* 95% CI p HR* 95% CI p 

Excluder (n=901)  26.8       

  Proximal endoleak  4.49 1.31 to 15.32  0.0166    

  Proximal neck dilatation      1.67 1.20 to 2.33  0.0026 

Talent (n=1796)  21.3       

  Proximal ne ck dilatation      1.29 1.05 to 1.60  0.0168 

  Proximal endoleak  2.29 1.38 to 3.80  0.0014 2.09 1.27 to 3.44  0.0036 

  Secondary intervention      1.54 1.05 to 2.24  0.0259 

Zenith (n=2486)  21.3       

  Proximal endoleak  2.62 1.49 to 4.63  0.0009    

  Migration  2.34 1.06 to 5.19  0.0353    

Table 4. Multivariate Analysis of Device-Specific Outcome (Significant Associations)

Categorical data are given as the percentage. OR: odds ratio, HR: hazard ratio, CI: confidence
interval. * Odds and hazard ratios adjusted for age, gender, risk factors, morphological fac-
tors, and experience.



was not used in this registry, which may be considered a weakness of the
current study. However, in general, an angle >60° was considered severe.
As a result, the measured angulation is likely not accurate and an exact
cutoff value above which EVAR would be associated with a worse outcome
could not be defined. Further limitations relate to disadvantages that apply
to registries in general, including a bias due to voluntary reporting. Despite
these limitations, the data of a large international experience may con-
tribute to further consensus on endovascular repair.

Conclusion

Severe infrarenal aortic neck angulation was associated with proximal type
I endoleak, while the risk of migration was less clear. The Excluder, Zenith,
and Talent stent-grafts all are appropriate for patients with severe neck
angulation.

51
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