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A SAGE Publication

Clinical Investigation

Introduction

Approximately 20% of patients with an abdominal aortic 
aneurysm (AAA) have involvement of the iliac arteries.1,2 
Aneurysms of the common iliac arteries (CIA) impose a 
challenge in obtaining adequate distal sealing during endo-
vascular aneurysm repair (EVAR). A large proportion of 
CIA aneurysms can be addressed by using flared iliac limbs. 
However, when the CIA diameter exceeds the available 
diameter of the largest iliac limbs or the length of the seal-
ing zone is insufficient, the stent-graft must be extended 
into the external iliac artery (EIA) to ensure proper aneu-
rysm exclusion. An iliac branched device (IBD) could be 
used, but many patients are not eligible for an IBD based on 
the instructions for use.3

Extension of a stent-graft into the EIA means covering 
the internal iliac artery (IIA), which may lead to type II 

endoleak. Therefore, preventive occlusion of the IIA is 
often favored over straightforward coverage.4,5 Various 
occlusion techniques have been developed, but European 
and American guidelines promote the use of coil emboliza-
tion as an effective intervention that can be performed on 
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Abstract
Purpose: To analyze the results of endovascular repair of common iliac artery (CIA) aneurysms without preemptive 
coil embolization of the internal iliac artery (IIA). Materials and Methods: Between January 2010 and July 2016, 79 
patients (mean age 74.3±8.4 years; 76 men) underwent endovascular repair extending into the external iliac artery 
owing to a CIA aneurysm. The procedure was performed for a ruptured aneurysm in 22 (28%) patients. Eighty-one 
IIAs were intentionally covered. The median CIA diameter was 37 mm (range 20–90). The primary outcomes were the 
occurrence of type II endoleaks and the incidence of buttock claudication. Results: Five (6%) patients died within 30 days 
(4 with ruptured aneurysms and 1 elective case). Two type II endoleaks originating from a covered IIA were recorded; 
one required an endovascular intervention because of aneurysm growth. The other patient died of a rupture based on 
an additional type III endoleak. Mean follow-up was 37.6±26.3 months. Nineteen (26%) patients required a secondary 
intervention. Buttock claudication was reported in 21 (28%) of 74 patients and persisted after 1 year in 7. No severe 
ischemic complications as a result of IIA coverage were recorded, and no revascularization was required during follow-
up. Conclusion: Treatment of CIA aneurysms by overstenting the IIA without preemptive coil embolization is safe and 
has a low risk of type II endoleak and aneurysm growth. Persisting buttock claudication is rare.
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the day of graft implantation.4,5 However, severe ischemic 
complications have been reported, especially when coils are 
placed deep into the IIA.6,7

One may hypothesize that a patent IIA will always lead 
to a type II endoleak, but there is no solid evidence sup-
porting this theory and the subsequent need for preven-
tive measures. When taking into account that coil 
embolization is a costly intervention, with increased 
exposure to radiation and contrast agent, its necessity 
must be investigated.

In 2010, our department implemented a policy that no 
preemptive coil embolization would be performed when-
ever stent-graft extension into the EIA was required because 
other options were impossible or undesirable. After promis-
ing short-term results,8 this strategy was continued, and we 
now update the results of our strategy in a larger population 
with longer follow-up. Our aim was to determine if IIA cov-
erage without preemptive coil embolization is safe and 
effective during longer follow-up and if it is well tolerated 
by patients.

Materials and Methods

Study Design and Patient Population

The department’s prospectively maintained database was 
interrogated to identify all patients with intentional over-
stenting of a patent IIA during treatment of a CIA aneu-
rysm between January 2010 and July 2016. Patients with 
intact and ruptured abdominal aortic aneurysms (AAA) or 
iliac aneurysms were eligible for inclusion because the 
study outcomes were related solely to IIA-associated 
complications.

The decision to cover the IIA was at the discretion of the 
operating vascular surgeon. In general, indications to cover 
the IIA were a CIA diameter ≥30 mm, an insufficient distal 
sealing zone, hostile anatomy for an IBD or flared limbs, or 
emergency repair. All patients were treated by or under the 
direct supervision of a senior vascular surgeon. Regular 
follow-up was performed at 1 month, 1 year, and annually 
thereafter. If the 1-month computed tomography angiogra-
phy (CTA) scan showed satisfactory position of the stent-
graft, follow-up was continued with duplex ultrasound by 
experienced vascular technicians. CTA follow-up was per-
formed on indication.

Of the 667 endovascular procedures performed in the 
observation period, the IIA was covered in 102 patients. 
Twenty-three cases were excluded because extension into 
the EIA was either accidental or performed to resolve intra-
operative complications, such as a distal endoleak or dissec-
tion, leaving 79 patients (mean age 74.3±8.4 years; 76 
men) in which IIA coverage was planned due to a CIA aneu-
rysm (27 patients previously described8). An AAA was 
present in 46 (58%) patients. Twenty-two (28%) patients 

had a ruptured aneurysm, 12 iliac, and 10 AAA. Two 
patients underwent planned bilateral IIA coverage. One 
patient was wheelchair dependent and previously under-
went a total colectomy; the second patient suffered from a 
ruptured AAA with bilateral CIAAs. In total, there were 81 
covered IIAs in the study group. Median CIA aneurysm 
diameter was 37 mm (range 20–90). All morphologic char-
acteristics are presented in Table 1.

Data Collection and Outcome Measures

An experienced vascular surgeon reviewed the preoperative 
contrast-enhanced CT scans and measured the CIAs at 3 
points: directly distal of the aortic bifurcation, middle of the 
iliac artery, and just proximal of the iliac bifurcation. A CIA 
with a maximum diameter ≥17 mm in men or ≥15 mm in 
women was considered aneurysmal.9 All CIA measure-
ments and IIA-related complications are reported based on 
the number of covered IIAs.

Table 1. Baseline Characteristics of the 79 Study Patients.a

Age, y 74.3±8.4
Men 76/79 (96)
Comorbidities
 Smoking history 40/77 (52)
 Hypertension 61/78 (78)
 Hypercholesterolemia 49/79 (62)
 Coronary artery disease 34/78 (44)
 Arrhythmia 24/78 (31)
 Cerebrovascular disease 17/78 (22)
 Peripheral artery disease 15/78 (19)
 Diabetes mellitus 16/78 (21)
 COPD 10/78 (13)
Previous aortic surgery 12/79 (15)
Ruptured aneurysm 22/79 (28)
ASA classification
 II 30/79 (38)
 III 23/79 (29)
 IV 4/79 (5)
 V 22/79 (28)
Aortic morphology
 AAA 46/79 (58)
 AAA diameter, mm 60±18
 CIA diameters, mm (n=81)b

  Maximum 37 (20–90)
  Proximal 18 (9–47)
  Mid 36 (15–90)
  Distal 18 (6–76)

Abbreviations: AAA, abdominal aortic aneurysm; ASA, American 
Society of Anesthesiologists; CIA, common iliac artery; COPD, chronic 
obstructive pulmonary disease; IIA, internal iliac artery.
aContinuous data are presented as the mean ± standard deviation 
or median (absolute range); categorical data are given as the number 
(percentage). Denominators differ owing to missing values.
bDenominator represents covered internal iliac arteries.
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The primary outcomes were the occurrence of IIA-related 
type II endoleaks and the incidence of buttock claudication. 
Events were registered based on entries in the patient 
records, which were reviewed independently by 2 senior 
vascular surgeons. Referring physicians were contacted if 
patients continued follow-up outside our center. The national 
mortality registry was consulted to determine the date of 
death. The general practitioner was contacted if no data were 
available in the hospital system on the cause of death.

Statistical Analysis

Categorical variables are presented as frequencies with per-
centages. Continuous variables are presented as mean ± 
standard deviation or as median and absolute range in case 
of skewed data. Time-to-event analysis was performed using 
the Kaplan-Meier method for survival, freedom from any 
secondary intervention, and freedom from type II endoleak. 
Estimates are presented with the 95% confidence interval 
(CI). The threshold of statistical significance was p<0.05. 
Statistical analyses were performed using SPSS for MAC 
(version 21; IBM Corporation, Armonk, NY, USA).

Results

Sixty-two bifurcated stent-grafts were implanted, and 7 
CIA aneurysms were treated with iliac limbs only (Table 2). 
Two aortouni-iliac devices combined with femoral-femoral 

crossover bypasses were used; the contralateral IIA was 
patent on the final angiography. In 12 (15%) cases IIA over-
stenting was part of a secondary intervention; 8 received 
iliac extensions. There were no intraoperative deaths or 
conversions to open repair.

Thirty-Day Survival

Five (6%) patients died within 30 days of treatment, includ-
ing 4 (18%) of the 22 patients with a ruptured aneurysm and 
1 (2%) of the 57 electively treated EVAR patients. In one of 
the ruptured aneurysm deaths both IIAs were covered. The 
electively treated patient died at home 19 days after surgery 
of an unknown cause.

Outcomes in Follow-up

The mean follow-up in 74 surviving patients (75 covered 
IIAs) was 37.6±26.3 months (range 0.4–92.5). One patient 
refused further follow-up due to deteriorating health after 
26.8 months.

Overall survival was estimated for ruptured and intact 
aneurysm cases separately. The Kaplan-Meier survival esti-
mates at 3 years were 76.9% (95% CI 68.0% to 90.3%) for 
intact aneurysms vs 58.7% (95% CI 41.5% to 81.9%) for 
ruptured aneurysms (Figure 1A). Four of the 26 deaths 
between 30 days and 60 months were aneurysm related. 
One death was related to the IIA: the patient died of rup-
tured AAA due to a type III endoleak originating from the 
limb connection 8 weeks after first documentation of the 
IIA-associated type II endoleak. Another patient succumbed 
to rupture caused by a type III endoleak that occurred after 
an occluded IBD was diagnosed. Another patient, originally 
treated for a ruptured iliac aneurysm, returned with a rup-
tured AAA based on an aortic infection for which he previ-
ously refused follow-up or treatment. He died due to sepsis 
after emergency repair. The fourth patient died of multiple 
organ dysfunction syndrome following conversion to open 
repair for bilateral limb occlusion 57 days after EVAR.

During follow-up, the maximum CIA diameter on the 
ipsilateral side was recorded in 71 cases. The mean CIA 
diameter of the patients with follow-up was 43±17 mm at 
baseline and 36±20 mm at last known imaging (p<0.01). 
Iliac aneurysm growth was seen in 4 (5%) patients: 3 had an 
endoleak other than a type II and 1 patient had an IIA-
related type II endoleak.

Complications

Two (3%) type II endoleaks originating from the covered 
IIA were reported during follow-up. The Kaplan-Meier esti-
mates for freedom from any IIA-associated type II endoleak 
at 1, 3, and 5 years were 100%, 98.3% (95% CI 88.2% to 
99.8%), and 95.5% (95% CI 82.3% to 98.9%), respectively 

Table 2. Treatment Details and Follow-up Outcomes.a

Stent-grafts
 Bifurcated 62/79 (79)
 AUI + FFX 2/79 (3)
 Iliac limb only 7/79 (9)
 Iliac extensionb 8/79 (10)
Contralateral IIA (n=77)
 Patent 69/77 (90)
 Occluded 6/77 (8)
 Unplanned coverage 2/77 (3)
30-day mortality 5/79 (6)
Follow-up, mo (n=74) 37.6±26.3
Buttock claudication 21/74 (28)
 Persisting >1 y 7
IIA-related type II endoleakc 2/75 (3)
Secondary intervention 19/74 (26)
Ipsilateral occlusion/stenosis 8/19 (42)
Open conversion 5/74 (7)
Ruptured aneurysm 5/74 (7)

Abbreviations: AUI, aortouni-iliac; FFX, femoral-femoral crossover; IIA, 
internal iliac artery.
aContinuous data are presented as the mean ± standard deviation; 
categorical data are given as the number (percentage).
bPlaced as part of a secondary intervention.
cDenominator represents covered internal iliac arteries.
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(Figure 1B). Both patients had an additional type III 
endoleak on the ipsilateral side. One patient was mentioned 
above; the second patient had a ruptured AAA based on a 
type III endoleak that was resolved by endolining. The rup-
ture occurred 3 weeks after the first report of the type II 
endoleak, which remained visible after the secondary inter-
vention. A conversion to open repair was performed after 
multiple attempts to occlude the IIA.

The Kaplan-Meier estimates of freedom from any sec-
ondary intervention at 1, 3, and 5 years were 86.7% (95% 
CI 76.0% to 92.9%), 72.3% (95% CI 58.2% to 82.4%), and 
64.1% (95% CI 46.5% to 77.2%), respectively (Figure 1B). 
Secondary interventions were required in 19 (26%) patients, 
predominantly for limb occlusion or symptomatic stenosis 
(8 in the ipsilateral iliac limb). Reinterventions were pre-
dominantly endovascular, though 5 patients were converted 
to open repair. Indications for conversion were stent-graft 
occlusion without possibility for endovascular revascular-
ization, stent-graft migration, graft infection, false lumen 
perfusion after type A dissection, and the previously men-
tioned persistent type II endoleak.

Buttock claudication was initially reported in 21 (28%) of 
74 patients. Symptoms persisted for >1 year in 7 patients. In 
2 cases the contralateral IIAs were occluded, one due to 
accidental coverage. The other was coil embolized at another 
institute for a concomitant IIA aneurysm. Severity of com-
plaints differed greatly, ranging from a pain-free walking 
distance of 180 meters to over a kilometer. There was only 
one report of erectile dysfunction. There were no reports of 
ischemic colitis, gluteal necrosis, or spinal cord ischemia. 
Patients were advised to start a supervised exercise program 
if their mobility was restricted by the buttock claudication. 
No patient required revascularization of the IIA.

Discussion

Preemptive coil embolization of the IIA is common in endo-
vascular treatment of CIA aneurysms and is recommended 
practice according to international guidelines.4,5 This study 
was designed to challenge the indication for coil emboliza-
tion, not to compare embolization vs overstenting. Our data 
show that abandoning the practice of coil embolization 
prior to IIA coverage is effective, safe, and well tolerated. 
Furthermore, the rate of persistent buttock claudication was 
low; no severe ischemic complications occurred, and there 
was no need for revascularization of the IIA. In addition to 
our data there is a growing body of evidence that shows that 
abandoning preemptive coil embolization in EVAR does 
not lead to increased type II endoleak rates.10–14

To our knowledge there is no scientific evidence that 
type II endoleaks originating from the IIA are a common 
risk. Only 2 were encountered in our study, and both patients 
suffered a ruptured AAA from an additional type III 
endoleak, of which any causal relationship is unclear. The 

3% endoleak rate is comparable to other studies that show 
rates ranging from 0% to 6.3%.8,10–14 Three studies reported 
endoleaks from a coil embolized IIA ranging in incidence 
from 1.3% to 3.8%.11,14,15 It is questionable if such a low 
risk of developing a type II endoleak justifies preemptive 
coil embolization in all patients as the procedure does not 
offer a 100% success rate. Furthermore, type II endoleaks 
are a challenging entity because their clinical significance is 
equally questionable at the aortic level.10,16 Even though the 
overall type II endoleak rate after EVAR ranges from 8% to 
44%, preemptive coil embolization of lumbar or mesenteric 
arteries is not common practice.16 Abandoning coil emboli-
zation is not without type II endoleaks; however, the inci-
dence is low and the application of preventive measures 
provides similar results.

Apart from technical outcomes, clinical consequences 
are important but often underreported. In our population 
about a quarter of patients reported buttock claudication but 
only a few persisted after 1 year. No severe ischemic com-
plications occurred nor was revascularization required. 
Several studies show similar results.17,18 In some compara-
tive studies no differences in buttock claudication rates 
were reported for embolized vs non-embolized IIAs.13,14,19,20 
Farahmand et al11 reported rates of 58% vs 28% (p=0.01) in 
favor of simple coverage. Coils that are placed too distally 
increase the risk and severity of ischemic complica-
tions.7,11,18 Occlusion of an IIA is associated with a signifi-
cant risk of temporary buttock claudication; malposition of 
coils increases this risk and severity of persistent complica-
tions compared with straightforward coverage.7,11,18,20

Alternative strategies designed to cope with hostile iliac 
arteries and maintain pelvic perfusion have been proven 
effective. However, the complexity of these procedures 
reduces the applicability and success rate.3,21,22 Besides 
technical and clinical considerations, IBDs have similar 
drawbacks as those of coil embolization. They require addi-
tional fluoroscopy and contrast use and increase the costs of 
a standard EVAR substantially. We believe that IIA cover-
age without preemptive coil embolization should be consid-
ered if IIA patency cannot be maintained. In general, simple 
coverage is an effective solution that can be widely applied.

In addition to symptoms and complications directly 
related to the IIA, about a quarter of patients required a sec-
ondary intervention. It has been previously described that 
patients with concomitant iliac aneurysms had an increased 
risk of complications.2 Occlusion or stenosis of the ipsilat-
eral iliac limb was the indication to intervene in over a third 
of cases that required a secondary intervention. It is likely 
that this rate of occlusion is not related to the presence or 
absence of coil embolization but is associated with the land-
ing of the stent-graft in the EIA. Landing in the EIA is a 
strong and independent predictor of limb occlusion regard-
less the type of stent-graft.23–25 The increased risk of occlu-
sion is most likely related to the reduced diameter and 
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increased tortuosity of EIAs.25 Therefore, it is important 
that patients are informed of the increased risk of limb 
occlusion and instructed to contact their physician.

Limitations

First, there was no coil embolized IIA group, so failure rates 
cannot be compared to show noninferiority. Although the 

data retrieval was aimed at the outcomes of IIA coverage 
and the clinical outcomes, no standardized questionnaires 
were used to contact the patients directly. This might lead to 
an underreporting of buttock claudication and especially 
erectile dysfunction. However, symptoms that were severe 
or required treatment were reported in the medical records. 
These limitations could be overcome by a randomized con-
trolled trial that compares embolization to coverage and 

Figure 1. Kaplan-Meier curves representing (A) patient survival [ruptured (R) vs non-ruptured (NR) aneurysm] and (B) freedom 
from reintervention and from type II endoleak associated with the covered internal iliac artery. SE, standard error.
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systematically records symptoms. However, our results 
combined with the current literature give reason to recon-
sider current practice.

Conclusion

Treatment of CIA aneurysms by intentional overstenting of 
the IIA without preemptive coil embolization is safe and has 
a low risk for the development of type II endoleaks. Buttock 
claudication rarely persists after 1 year.
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