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Introduction
Since the first description of endovascular aortic aneurysm repair 

(EVAR) by Parodi in 1991 the technology and experience has matured, 
which in turn has revolutionized the treatment of aortic aneurysms. 
Prospective randomized studies have shown that EVAR significantly 
reduces blood loss, operative times, length of stay, morbidity and 
perioperative mortality when compared to traditional open repair [1-3]. 
However, the applicability has been limited by extension of aneurysmal 
disease into the iliac arteries. While isolated iliac artery aneurysms 
(0.03% in the general population) are rare, ectatic or aneurysmal iliac 
arteries may be present in up to 30% of patients referred for standard 
EVAR [4,5].

Dilatation of one or both common iliac arteries (CIA) compromises 
the success of endovascular repair due to inadequate distal sealing. 
Traditionally this has been dealt with by embolizing one or both internal 
iliac arteries (IIA) and extension of the stent graft to the external iliac 
artery (EIA). However, the sacrifice of the IIA, especially bilateral, is 
not as innocuous as initially reported. Up to a third of patients will 
develop severe buttock claudication, which may improve over time, but 
persists in up to 15% of patients [6-8]. 17% of patients develop new 
onset erectile dysfunction [8] and less frequently complications of IIA 
occlusion include bowel or spinal ischemia and necrosis of the scrotal 
skin. Buttock claudication and erectile dysfunction can significantly 
impair quality of life (QoL) [7,8]. These individuals are not only 
limited in their walking capacity and levels of physical activity but 
also demonstrate a decline in other QoL domains such as social and 
emotional well-being [9]. 

Recently branched stent grafts for preservation of the IIA have 
been described with encouraging results [10-18]. The iliac branch 
device (IBD) extends from a conventional EVAR stent-graft in to the 
EIA whilst preserving flow in to the ipsilateral IIA using a side branch. 
Preserving at least one IIA is believed to allow adequate pelvic perfusion 
and reduce the frequency of complications and disability. 

The aim of this study was to evaluate the patient-related clinical 
benefit on morbidity and quality of life when compared to the 
conventional practice of embolizing the internal iliac artery. We also 
describe our unit’s experience with iliac branch device technique.

Methods
All consecutive patients undergoing elective endovascular treatment 

for an infra-renal aneurysm between January 2008 and December 2012 
were reviewed. Prospectively collected data for aneurysms involving 
the iliac bifurcation were retrospectively analyzed. Patients with a CIA 
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diameter >25 mm were considered for treatment with an IBD based on 
the following criteria:

•	 Non-aneurysmal distal landing zone in the EIA with a length ≥ 
22 mm and diameter ≥ 8 mm but less than 11 mm.

•	 Non-aneurysmal internal iliac artery segment ≥ 10 mm in 
length and ≤ 10 mm in diameter (outer to outer) distal to the 
aneurysm segment.

•	 Iliac morphology (tortuosity, stenosis and/or calcification) that 
did not preclude delivery of the device.

In cases of bilateral iliac aneurysms the anatomically more favourable 
side was treated with an iliac branch device while the contralateral side 
was treated with embolization of the IIA and extension of the aortoiliac 
stent to the external iliac artery.

All patients treated with an IBD received a Zenith bifurcated iliac-
branch device (COOK Inc., Bloomington, IN) with a covered bridging 
stent (Advanta V12, Atrium Medical, Hudson, NH, USA). Embolization 
of the internal iliac artery was performed using Amplatzer™ plugs, 
platinum coils or a combination of the two. These were placed in 
the main trunk or first branch of the IIA to reduce the risk of pelvic 
ischemia.

Our institution’s ethical guidelines and research governance 
framework were consulted. As the study did not in any way influence 
patient management it was exempt from requiring formal ethical 
approval. All patients participating in the patient reported outcomes 
gave informed consent to do so.

Outcome measures

Primary outcomes were morbidity, specifically pelvic ischemia (new 
ipsilateral buttock or thigh claudication and new erectile dysfunction) 
and claudication specific as well as generic health-related quality of 
life after EVAR.‘New buttock claudication’ was defined as claudication 
symptoms that had developed within the first 6-weeks following 
treatment and were still present at 6 months. Demographic and clinical 
data including age, sex, co-morbidities, smoking history and pre-
procedure claudication history were collected from the prospective 
database and patient case notes. Quality of life data were collected using 
patient delivered questionnaires:

•	 Walking Impairment Questionnaire (WIQ): A valid tool 
that detects a change in daily walking ability of patients with 
intermittent claudication. In the WIQ distance score the degree 
of difficulty in walking specified distances is assessed. In the 
WIQ speed score the degree of difficulty in waking one block at 
specified speeds is assessed and in the WIQ stair-climbing score 
the degree of difficulty climbing specific numbers of flights of 
stairs is recorded. All domains are recorded on a graded scale 
from 0 to 4. The graded score are then multiplied by a pre-
specified weight for each distance, speed or number of flights of 
stairs and the products summed and divided by the maximum 
possible score to obtain a percent score ranging from 0 (inability 
to perform task) to 100 (no difficulty with any tasks) [19,20]. 

•	 The Short-Form 12 (SF-12): A validated questionnaire that 
measures general health and vitality across eight domains: 
physical functioning; role limitations due to physical health; 
role limitations due to emotional problems; energy/fatigue; 
emotional well-being; social functioning; pain; general health. 
Health related quality of life summary scores are then derived 

from these eight domains with higher scores indicating higher 
levels of health [21,22].

•	 EuroQoL five dimensions (EQ-5D) Questionnaire: A two-
part descriptive tool that assesses generic health status. In the 
first part respondents describe their health by checking one 
level of severity (none, slight, moderate, severe, extreme/unable 
to) on five dimensions (mobility, self-care, usual activities, 
pain/discomfort, anxiety/depression). In the second part, the 
respondents indicate how good or bad their overall health is 
on a visual scale (0-100). We analyzed health status reporting 
on the descriptive profile, EQ-5D Index and EQ-VAS [23,24].

Secondary outcome measures were technical success, defined as 
successful implantation of the IBD with preservation of antegrade flow 
to the pelvis; and IBD patency.

Statistical analysis

All data were analyzed on an intention to treat basis using 
Microsoft Excel 2007. Statistical analysis was performed using the X2 
test for categorical variables. Continuous data was analysed using the 
Student’s t-test for normally distributed data and the Mann-Whitney 
U test for non-parametric data. Univariate logistic regression analysis 
was performed to assess if age was an independent predictor of buttock 
claudication and a decline in quality of life scores. Statistical significance 
was set a p<0.05 for all tests.

Results
From January 2008 to December 2012, 237 endovascular procedures 

were performed to treat infra-renal abdominal aortic aneurysms (AAA). 
During this time twenty-eight adjunct procedures were required due to 
aneurysmal aorto-iliac disease. There were no significant differences 
in the demographic characteristics between patients in the IBD group 
and embolization group, except for age. Twelve patients, mean age 71.5 
± 7.2 years, were treated with an iliac branch device and 16 patients 
(mean age 80.1 ± 6.2 years) had internal iliac artery embolization. Four 
patients died since their EVAR (non-aneurysmal related deaths; 2 from 
each group) and were excluded from any further analysis. Eight patients 
(33%) had documented pre-treatment erectile dysfunction. Only two 
patients (8%) had documented pre-treatment buttock claudication. 
The baseline characteristics of patients in each group are summarized 
in Table 1. All patients that were alive during the retrospective review 
period (n=24) completed the three questionnaires. 

The immediate technical success rate for IBD implantation was 
92% (n=11). In one patient there was retrograde stent migration with 
consequent failure to connect the iliac branch with the internal iliac 
artery resulting in partial deployment of the stent. Subsequently a 
decision was made to embolize the left IIA during the procedure and 
extend the stent graft into the external iliac artery as for conventional 
EVAR following embolization. The median follow-up period is 12 
months (range 6-60) with a 100% iliac branch device patency. There was 
1 Type II endoleak in the IBD group at 1 month, which had completely 
resolved without intervention at 36 months. 

Overall, 10 (42%) patients developed new persistent buttock 
claudication. Only 1 patient developed new ipsilateral buttock 
claudication, with a patent iliac device, in the IBD group and 7 patients 
developed new ipsilateral buttock claudication in the IIA embolization 
group (p=0.03). Four patients developed new post-treatment erectile 
dysfunction all of who were in the IIA embolization group (p=0.06).
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Walking impairment questionnaire

Overall the patients in the IBD group had higher WIQ distance, 
speed and stair-climbing scores than patients in the IIA embolization 
group (mean scores: distance 61.4 ± 39.5 v 51.8 ± 38.8 p=0.6; speed 
37.6 ± 28.1 v 27.9 ± 17.9 p=0.3; stair climbing 39.3 ± 35.5 v 32.7 ± 25.1 
p=0.7) (Figure 1).

SF-12 questionnaire

Table 2 shows the median summary scores for the SF-12 
questionnaire for each treatment group. The patients in the IBD 
group had a higher physical and mental score when compared to the 
embolization group, indicating higher health states, although this did 
not achieve statistical significance.

EQ-5D

In all dimensions the proportion of patients reporting ‘no problems’ 
was higher in the IBD group. 36% of patients in the embolization group 
reported ‘severe’ problems with mobility and 22% with the ability to 
perform usual activities versus 0 in the IBD group. This was further 
supported with pain and discomfort scores, with 64% of patients in 
the embolization group reporting ‘moderate’ to ‘severe’ scores (Figure 
2). The EQ5D Index scores were higher overall in the IBD group and 
this was statistically significant (p=0.01) (Figure 3). Similarly the VAS 
scores were higher for the IBD group (mean 76 ± 11 v 69 ± 13 p=0.11) 
but this did not reach statistical significance. 

Influence of age

Univariate regression analysis demonstrated that age was not 
an independent predictor of developing new ipsilateral buttock 

claudication (p=0.3). Furthermore, age alone was not associated with 
the decline in quality of life health scores on the SF-12 and EQ-5D 
questionnaires (p=0.3 and p=0.5 for the two SF-12 domains respectively 
and p=0.3). 

Discussion
Currently there is no consensus on the management of aortoiliac 

aneurysms. The default treatment modality is embolization of the 
internal iliac artery with extension of the endograft into the external 
iliac artery. The literature reports buttock claudication occurs in 31-
35% of IIA embolizations [8], and this was demonstrated in our study 
with 36% of patients developing buttock claudication after single IIA 
embolization. 

These persistent symptoms have a significant impact on the quality of 
life (QoL) of patients, and QoL is increasingly considered an important 
outcome after all surgery. As far as we are aware there have been no 

Characteristics IBD IIA embolization p
(n=12) (n=16)

Age 71.5 ± 7.2 80.1 ± 6.2 <0.05
Male 12 15 -

Current smokers 1 2 NS
Hypertension 2 5 NS

Diabetes 1 1 NS
Hypercholestrolaemia 1 1 NS

Ischemic Heart Disease 0 3 NS
Stroke or TIA 1 3 NS

COPD 1 2 NS
Pre-treatment

- Erectile dysfunction 3 5 NS
- Buttock Claudication 1 1 NS

NS: Not significant.
Table 1: Demographic and clinical characteristics.

PCS p MCS p
IBD Embolization IBD Embolization

Median 43.2 35.2 0.09 56.7 52.5 0.4
IQR (25.8-50.9) (22.3-43.2) (55.4-65.9) (46.9-58.2)

Maximum 55.3 50.1 66.1 69.1
Minimum 18.6 19.3 54.1 30.6

PCS: Physical Component Summary; MCS: Mental Component Summary; IQR: 
Interquartile Range

Table 2: Comparison of physical and mental component summary scores between 
the IBD and embolization groups.
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studies that have quantified QoL after internal iliac artery embolization 
as an adjunct to EVAR. We observed that those patients that had a lower 
distance score on the walking impairment questionnaire and higher 
mobility scores on the EQ-5D, indicating limited pain-free walking, 
reported poorer overall health status. As with patients who present with 
calf claudication, those who develop buttock claudication may avoid 
activities that precipitate symptoms. This in turn may lead to decreased 
functional status, depression and as a result report poorer health states 
on quality of life questionnaires [25-27].

From population studies we know the prevalence of symptomatic 
claudication (calf and buttock) is 15-20% in individuals over 60 years 
[28,29]. Similarly the prevalence of erectile dysfunction increases with 
age and is 15% men over 60 [30]. The morbidity associated with IIA 
embolization in our series cannot be explained by age alone. Regression 
analysis did not demonstrate a statistically significant influence of age 
on the development of new ipsilateral buttock claudication or a decline 
in health-related quality of life scores. 

Iliac branch device implantation, to preserve pelvic perfusion, has 
been shown in the literature to be safe (>90% technical success rates 
with primary patency rates between 74-100%) and our study supports 
this view.

The limitations of our study include data are based on a single 
centre experience with small numbers from a heterogenous population. 
Furthermore, this was a retrospective study and therefore we did not 
deliver pre-procedure quality of life questionnaires. Baseline data 
regarding buttock claudication and erectile dysfunction was collected 
from patient notes. Patient recall of pre-operative symptoms during the 
interviews was avoided to reduce bias.

This study and others have demonstrated the use of iliac branch 
devices is technically feasible and safe in maintaining pelvic perfusion 
via the internal iliac artery, as well as the benefits of revascularization 
with IBD in buttock claudication. But the possible effects on quality 
of life have not been considered previously. Decline in mobility and 
self-care is of critical importance in patients. Our study is the first to 
consider patient related outcomes following IBD deployment. Within 
the limitations of this study we have demonstrated a positive effect on 
quality of life and consider preserving at least one internal iliac artery 
in all patients with favorable anatomy irrespective of age or lifestyle. 

The World Health Organization defines health as a state of physical, 
social and mental well-being [31]. Quality of life as an outcome 
measure after vascular surgery has become increasingly important 
because a significant proportion of interventions aim to improve not 
only quantity of life but quality as well. Larger prospective studies to 
assess quality of life before and after EVAR with adjunctive procedures 
are required.
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