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Anatomic Suitability of Aortoiliac Aneurysms
for Next Generation Branched Systems
Benjamin J. Pearce,1 Vinit N. Varu,2 Roan Glocker,1 Zdenek Novak,1 William D. Jordan,1

and Jason T. Lee,2 Birmingham, Alabama, Palo Alto, California
Background: Preservation of internal iliac flow is an important consideration to prevent
ischemic complications during endovascular aneurysm repair. We sought to determine the suit-
ability of aortoiliac aneurysms for off-the-shelf iliac branched systems currently in clinical trial.
Methods: Patients undergoing abdominal aortic aneurysm repair from 2004 to 2013 at 2 insti-
tutions were reviewed. Centerline diameters and lengths of aortoiliac morphology were
measured using three-dimensional workstations and compared with inclusion/exclusion criteria
for both Cook and Gore iliac branch devices.
Results: Of the nearly 2,400 aneurysm repairs performed during the study period, 99 patients
had common iliac aneurysms suitable for imaging review. Eighteen of the 99 (18.2%) patients
and 25/99 (25.3%) patients fit the inclusion criteria and would have been able to be treated using
the Cook and Gore iliac branch devices, respectively. The most common reason for exclusion
from Cook was internal iliac diameter of <6 or >9 mm (68/99, 68.7%). The most common reason
for exclusion from Gore was proximal common iliac diameter of <17 mm (39/99, 39.4%) and
inadequate internal iliac artery diameter of <6.5 or >13.5 mm (37/99, 37.3%). Comparing the
included patients across both devices, a total of 35/99 (35.4%) of patients would be eligible
for the treatment of aortoiliac aneurysms based on anatomic criteria.
Conclusions: Only 35% of the aneurysm repairs involving common iliac arteries would have
been candidates for the 2 iliac branch devices currently in trial based on anatomic criteria.
The major common reason for exclusion is the internal iliac landing zone for both devices.
Design modifications for future generation iliac branch technology should focus on diameter ac-
commodations for the hypogastric branch stent and proximal and distal sizes of the iliac branch
components. Familiarity with alternate branch preserving techniques is still needed in the major-
ity of cases.
INTRODUCTION

Successful treatment of aortoiliac aneurysms in-

volves branch vessel preservation and long-term

protection from rupture. While endovascular
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aneurysm repair (EVAR) has eclipsed open surgery

because of lower operative mortality and morbidity

in anatomically suitable patients,1e4the durability of

EVAR has been questioned because of the need for

additional graft-related interventions and increase

incidence of late aneurysm-related complications.5,6

Long-term failure can occur because of the loss of

seal at the proximal or distal attachment sites. In

fact, Schanzer et al.7 demonstrated that common

iliac diameter of >20 mm was an independent pre-

dictor of late sac enlargement, as was use of the de-

vice outside the manufacturer’s instructions for use

(IFU). Furthermore, Benharash et al.8 have demon-

strated that iliac fixation is important in preventing

late graft migration regardless of proximal attach-

ment type.
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Table I. Summary of anatomic sizing criteria based on CT reconstruction for the 2 trials

Cook IBD exclusions Gore IBE exclusions

CIA length <50 mm Aorta-hypogastric length <165 or CIA length <40 mm

CIA diameter <20 mm CIA diameter <25 mm

EIA length <20 mm Proximal CIA diameter <17 mm

EIA diameter <8 mm Distal CIA diameter <14 mm

IIA occluded or >50% stenosis EIA length <10 mm

IIA aneurysm distal to landing zone EIA diameter <6.5 or >25 mm

IIA length <10 mm IIA length <10 mm

IIA diameter <6 or >9 mm IIA diameter <6.5 or >13.5 mm

CIA, common iliac artery; EIA, external iliac artery; IIA, internal iliac artery or hypogastric.
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The incidence of iliac artery involvement in

abdominal aortic aneurysms (AAAs) is estimated

at 20e30%.9,10 Hence, nearly a third of all patients

presenting with AAAs for repair might not fit within

the IFU for standard EVAR device based on iliac di-

ameters. A common approach to ensure appropriate

landing zone for iliac components of endografts in-

volves extension into the external iliac artery, with

or without concomitant hypogastric artery emboli-

zation and coverage. While unilateral coiling has

been demonstrated to have relatively low rates of

complication,11 sacrifice of the hypogastric artery,

especially bilaterally, can have devastating sequelae

including buttock claudication (28e42%), impo-

tence (17e24%), colonic ischemia (3.4%), and spi-

nal cord ischemia (0.1e0.3%).12

Given the significant morbidity associated with

these complications, industry has developed branch

technology for hypogastric preservation. The

approval process in the United States has been

slow, however, and several hypogastric preserving

techniques have been developed in the interim.

These include surgical correction of the iliac

bifurcation,13 surgeon-modified iliac stent graft

components,14 aortouni-iliac endografting with

contralateral external iliac tohypogastric artery stent

graft,15 double barrel/snorkel/sandwich parallel

endografts,16e18 and trifurcated endografts.19 While

innovative, these techniques are, by definition,

outside the IFU for current endograft technology

and the long-term implications of utilizing compo-

nents in such a manner is not known. Furthermore,

they require unique endovascular equipment and

techniques that are not available to most practices.

In response to the need to extend EVAR beyond

the iliac bifurcation in up to 30% of patients, 2 iliac

branched devices are currently being studied in

pivotal trials in the United States. Several anatomic

restrictions potentially limit wide applicability of

these devices, and we sought to understand the

impact of these 2 devices in contemporary practice.
The purpose of this study was to evaluate the

anatomic characteristics of aortoiliac aneurysms at

2 large academic practices and assess the suitability

of these ‘‘off-the-shelf’’ systems being studied in

clinical trials.
PATIENTS AND METHODS
Patients
Institutional review board approval was gained at

both Stanford University and the University of Ala-

bama at Birmingham to query prospective vascular

databases for cases of EVAR requiring extension

into the external iliac artery. Each patient included

in the study must needed to have one preoperative

computed tomography (CT) scan amenable to

three-dimensional reconstruction.
Anatomic Measures
The inclusion/exclusion criteria (Table I) of the Gore

Excluder (W. L. Gore & Associates, Flagstaff, AZ)

Iliac Branch Endoprosthesis Trial (Gore IBE) and

the Cook (Cook Medical, Inc., Bloomington, IN)

Preserve-Zenith Iliac Branch Device Clinical Study

(Cook IBD) were used to generate our anatomic

measurements as depicted in Figure 1. All anatomic

measurements were performed on AquariusNETTM

Client or TeraRecon Workstation (TeraRecon, Inc.,

Foster City, CA) andmaintained in an Excel (Micro-

soft, Inc., Redmond, WA) spreadsheet.

Automatic centerlines were utilized when CT

angiography (CTA) were available. When only non-

contrast scans were available, thin-cut CTs were

used to create centerlines by hand. Distinct center-

lines were created for each of the following: (1)

aorto-external iliac bilaterally and (b) aorto-

internal iliac bilaterally. Lengths and diameters

were derived from these centerline measures. The

measurements were performed and verified by the



Fig. 1. Anatomic measurements taken to generate data

for evaluation.
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authors who were blinded to patient treatment and

outcome.
Analysis
Descriptive statistics were generated to provide the

mean and range for all measurements. Interquartile

ranges were determined for each value. These

values were used to determine the proportions of

patients who would have been included/excluded

from either trial.
RESULTS

Between 2004 and 2013, 2,400 total aneurysm re-

pairs were performed by any means at the 2 institu-

tions. One hundred nine EVARs were performed

requiring a landing zone in at least one external iliac

artery and of these 99 were determined to be

because of the presence of iliac aneurysms requiring

coverage, coiling, or preservation of the hypogastric

artery for repair and had appropriate imaging avail-

able. The mean dimensions of these cases are pre-

sented in Table II.

Anatomic eligibility without exclusions were pre-

sent in 18.2% (18/99) by the Cook IBD criteria and

25.3% (25/99) by the Gore IBE criteria. More than

half (57.6%) of the patients not eligible for the

Cook IBD trial were because of a single anatomic

exclusion criteria. Nearly one quarter of patients
(23.3%) failed the Cook IBD inclusion by 2 criteria

and none by more than 3. Conversely, 38.4% of

Gore IBE failures occurred because of a single

anatomic exclusion but 1 patient failed in 5

anatomic categories (Table III).

The specific anatomic reason for exclusion for

each trial is depicted in Table IV. Failure in the

Cook IBD trial was most commonly because of con-

straints in the diameter of the target hypogastric ar-

tery (68.7%), whereas the most common reason

(39.4%) for exclusion in the Gore IBE was an inad-

equate diameter at the proximal common iliac ar-

tery to allow for appropriate opening of the

proximal portion of the branched endoprosthesis.

When analyzing the screen failures from each trial,

it was determined that of the 81 patients excluded

from the Cook IBD trial, 17 (21%) would be eligible

for the Gore IBE trial. Likewise 13.5% (10/74) of the

patients excluded from the Gore IBE trial would

have been eligible for the Cook IBD graft. In a prac-

tice able to offer patients entry into both trials, a to-

tal of 35.4% (35/99) would be eligible for treatment

based on anatomic criteria (Fig. 2).
DISCUSSION

Despite advances in both technique and equipment

for complex endovascular aneurysm repair (EVAR),

the basic principles of aneurysm exclusion remain.

Adequate seal of appropriate length and diameter

in healthy vessels is paramount to the durability of

the repair. The development of branched endograft

systems allows the surgeon to move beyond the

boundaries of the pelvic, visceral, and arch branches

to seek appropriate landing zones. The 2 current tri-

als of iliac branched systems in the United States are

the focus of this study.

As up to 30%of all AAAs have some involvement

with the iliac arteries,9,10 extension of EVAR into

the pelvic circulation allows for a significant oppor-

tunity to extend treatment to patients who may not

be candidates for such a complex open operation.

Alternative techniques for pelvic preservation,

such as trifurcated, parallel, and physician-

modified grafts, are innovative but create new

modes of failure and are inherently outside the en-

gineering constructs of the device components. Eu-

ropean experience with ‘‘off the shelf’’ iliac branch

devices has demonstrated excellent technical suc-

cess with no late ruptures.20 As such, the outcome

of United States trials of the Cook and Gore Iliac

branched devices are eagerly anticipated.

While in theory the morbidity of hypogastric

artery sacrifice is reasonably well tolerated,11 in



Table II. Mean characteristics of aneurysms in entire cohort

Dimension Mean (mm) Median in mm (IQR)

Aortic aneurysm maximum diameter 42.5 41.0 (29.0e54.07)
Aortic length 23.8 110.0 (99.0e125.0)
Left CIA maximum diameter 27.1 24.7 (17.5e32)
Right CIA maximum diameter 31.7 29.54 (24.0e38.0)
Left IIA maximum diameter 14.9 10.0 (8.01e6.15)
Right IIA maximum diameter 14.6 11.45 (8.58e16.62)
Left CIA length 70.8 67.55 (53.395e83.425)

Right CIA length 72.0 70.0 (55.33e85.05)

Left IIA length 45.3 43.9 (28.09e59.8)

Right IIA length 44.6 44.0 (34.3e55.85)

CIA, common iliac artery; IIA, internal iliac artery; IQR, interquartile range (median excluded).

Table III. Total number of exclusions per patient

by device

Total exclusions Cook IBD Gore IBE

0 18 (18.2%) 25 (25.3%)

1 57 (57.6%) 38 (38.4%)

2 23 (23.2%) 21 (21.2%)

3 1 (1.0%) 10 (10.1%)

4 0 (0%) 4 (4.0%)

5 0 (0%) 1 (1.0%)

Table IV. Anatomic reasons for exclusion and

percentage of total for Cook and Gore separately

Exclusion criteria

Number (%)
excluded
(n ¼ 99)

Cook IBD

IIA diameter <6 or >9 mm 68 (68.7%)

IIA aneurysm distal to landing zone 11 (11.1%)

EIA diameter <8 mm 10 (10.1%)

CIA length <50 mm 9 (9.1%)

EIA length <20 mm 7 (7.1%)

CIA diameter <20 mm 6 (6.1%)

IIA occluded or >50% stenosis 1 (1.0%)

IIA length <10 mm 1 (1.0%)

Gore IBE

Proximal CIA diameter <17 mm 39 (39.4%)

IIA diameter <6.5 or >13.5 mm 37 (37.3%)

Aorta-hypo length <165 or CIA

length <40 mm

24 (24.2%)

CIA diameter <25 mm 16 (16.2%)

Distal CIA diameter <14 mm 13 (13.1%)

EIA diameter <6.5 or >25 mm 1 (1.0%)

IIA length <10 mm 1 (1.0%)

EIA length <10 mm 0 (0%)

CIA, common iliac artery; EIA, external iliac artery; IIA, internal

iliac artery.
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practice, the issue is more complex. Patients with

vascular disease often have progression of athero-

sclerosis within the pelvic bed, or chronic emboliza-

tion from mural thrombus within aortoiliac

aneurysms.12 Therefore the collateral circulation

from the contralateral hypogastric or profunda fem-

oris systems is unreliable. Pooled reports demon-

strate the incidence of buttock claudication at 28%

(198/706) for unilateral hypogastric coiling and

42% (43/102) for bilateral hypogastric coiling. Far-

ahmand et al.21 demonstrated that disabling claudi-

cation persisted in up to 34% of patients at 6months

after the procedure. Similarly, new onset erectile

dysfunction is demonstrated in 19e24% after uni-

lateral or bilateral hypogastric coiling, respec-

tively.12 Furthermore, the majority of cases

involving treatment beyond the iliac bifurcation

will entail concomitant treatment of an AAA. This

results in simultaneous coverage of several levels

of important ilio-lumbar collaterals that may

contribute to devastating complications such as spi-

nal cord and colon ischemia.22,23 In addition, despite

hypogastric coiling, coverage, or plug, type 2 endo-

leak occurs from retrograde hypogastric perfusion

in 3e16% of the patients.24

Pelvic perfusion preservation can be achieved

with several novel techniques utilizing ‘‘off the

shelf’’ components. The use of parallel grafts in
either a ‘‘double barrel’’ or ‘‘sandwich’’ configura-

tion has shown excellent mid-term results in the

prevention of pelvic ischemia. Lobato and Cama-

cho-Lobato25 demonstrated 0% buttock claudica-

tion in 40 patients treated with hypogastric stent

versus 14.3% in those having contralateral coiling

at 12 ± 4.4 months (6e30 months). Similarly, DeR-

ubertis et al.16 demonstrated no pelvic ischemic

symptoms in patients with hypogastric stenting,

including 2 patients with subsequent hypogastric

stent occlusion. The only claudication was in

patients with contralateral coiling. In a direct



Fig. 2. Depiction of overlap between 2 trials.
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comparison of consecutive patients undergoing iliac

branch device repair versus iliac exclusion at the

time of EVAR, Verzini et al.26 demonstrated no dif-

ference in procedural outcomes such as contrast

administration, operative time, technical success,

external iliac limb occlusion, or reintervention.

However, pelvic ischemia (claudication and impo-

tence) was present in 4% of patients with hypogas-

tric stenting versus 22% in the excluded patients

(P ¼ 0.01).26

Ultimately, the widespread acceptance of hypo-

gastric preservation with EVAR will depend on the

availability of ‘‘off the shelf’’, Food and Drug

Administration-approved devices which are capable

of being placed in most hospitals using standard

EVAR techniques. This cohort of 99 patients with

complex aortoiliac aneurysms is derived from 2 aca-

demic practices before initiation of these branched

device trials. If these patients had been screened

for entry into the trials, only 18.2% and 25.3% of

patients would have been eligible for the Cook or

Gore device, respectively, by pure anatomic criteria.

Only 8 patients would have met anatomic inclusion

for both trials, meaning that 64.6% of all patients

would have been excluded from receiving these de-

vices within the current IFU.

Each device has unique characteristics for suc-

cessful seal. The Gore IBE device requires a proximal

common iliac diameter of at least 17 mm for com-

plete opening of the device. This was the most com-

mon reason for exclusion of this device in 39.4% of

patients. However, when looking at commonality

between the devices, it is clear that the diameter of

the sealing zone in the target hypogastric artery is

the most common cause for failure. In the Cook

IBD device, the hypogastric stent has a strict toler-

ance of 6e9 mm and thus 68.7% of exclusions
were outside this range. (This shortcoming has

been slightly addressed in a new version of the

Cook IBD trial that will begin in mid-2014 allowing

the hypogastric diameter to be up to 10 mm. When

reanalyzing using this diameter, this exclusion de-

creases from 68.7% to 57.6%.) Similarly, the Gore

hypogastric branch stent requires a sealing artery

diameter of 6.5e13.5 mm. While this is a broader

treatment range, this still resulted in exclusion of

37.3% of patients. Conversely, adequate length of

hypogastric artery for sealing was present in all but

one patient in both.

The simplest step in increasing eligibility for the

majority of patients is increasing the iliac diameter.

Gore was able to broaden this range by utilizing

Excluder limb components already approved for

iliac treatment. However, internal iliac diameters

>13.5 mm approaches landing within aneurysmal

artery and the utility of increasing component diam-

eters beyond this limit is likely lost. As such, even

utilizing the Gore limb in the Cook device, more

than a third of patients (37.3%) would still be

excluded from use.

In addition to the diameters of intended treat-

ment, the use of branched devices will commonly

require concomitant treatment of aortic disease.

In fact, the use of an aortic prosthesis is a require-

ment of the Gore IBE trial and, thus, subject to

the limitations of the proximal aortic neck and

other anatomic requirements. As such, one must

combine several components of a finite length.

Furthermore, to allow for proper opening of the

branch and cannulation of the target vessel, a min-

imum length of common iliac artery is needed. An

insufficient length of artery from renal arteries to

iliac bifurcation resulted in exclusion of 24.2% of

patients for the Gore IBE trial, whereas only 9.1%
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of patients were excluded because of inadequate

iliac length.

This study is limited by its retrospective nature

and relatively low number of patients compared

with the overall aneurysm volume. This is mostly

because of a bias during the majority of the years

reviewed to treat patients with these complex aneu-

rysms via open repair for maintenance of pelvic

perfusion. In addition, the evaluation of these pa-

tients is purely on anatomic criteria from imaging.

Undoubtedly, other factorsdsuch as cardiac func-

tion, renal failure, medications, and so ondwould

lead to a higher rate of screen failure for these trials

than demonstrated here.
CONCLUSIONS

The involvement of iliac artery aneurysmal disease

complicates standard EVAR, and current on-label

strategies with devices in clinical trial can only treat

approximately 18e24% of patients. The major

reason for exclusion is the internal iliac landing

zone for both devices, as well as small external iliac

diameters and adequate proximal common iliac di-

ameters. Facility with alternative endovascular

techniques, such as snorkels, trifurcations, and so

on, will be required to treat themajority of these pa-

tients without open repair. Design modifications for

future generation iliac branch technology should

focus on diameter accommodations for the hypo-

gastric branch stent and proximal and distal sizes

of the iliac branch components to reach a wider

group of patients with aortoiliac aneurysmal

disease.
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