L))

Check for
updat

Original Article

Branched endovascular iliac artery repair using the Zenith® Branch
Endovascular lliac Bifurcation graft: outcomes and reinterventions
in our retrospective cohort

Julia Benk*, Maximilian Kreibich®, Tim Berger, Stoyan Kondov, Friedhelm Beyersdorf, Martin Czerny,
Bartosz Rylski

Department of Cardiovascular Surgery, University Heart Center Freiburg, Faculty of Medicine, Albert-Ludwigs-University of Freiburg, Freiburg,
Germany

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: All
authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII)
Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Julia Benk, MD. Department of Cardiovascular Surgery, University Heart Center Freiburg, Hugstetter Str., 55, 79106 Freiburg,
Germany. Email: Julia.benk@uniklinik-freiburg.de.

Background: The aim of this retrospective cohort study was to analyze the outcomes and the need
for reinterventions following branched iliac artery repair using the Zenith® Branch Endovascular Tliac
Bifurcation (ZBIS; Cook Medical Europe L'TD, Limerick, Ireland) graft.

Methods: Patient characteristics and follow-up data on 63 patients following branched iliac artery repair
using the ZBIS device were evaluated and compared between patients with and without iliac reinterventions.
A competing risk regression model was analyzed to identify independent predictors of reinterventions, and
to predict the reintervention risk.

Results: ZBIS implantation’s technical success rate was 100%, and we observed no in-hospital mortality.
Internal iliac artery patency was 93% during a median [first quartile, third quartile] follow-up of
19 [5, 39] months. Thirty-two iliac reinterventions were performed in 23 patients (37%) after a mean
time of 3.0 months (IQR: 0.4-6.8) (time to first reintervention). Endoleaks type I and II were the most
common indication for reinterventions (n=14, 61%). The internal iliac artery’s diameter [subdistribution
hazard ratio (sHR): 1.046; P=0.0015] and a prior abdominal aortic intervention (sHR: 0.3331; P=0.0370)
were identified as significant variables in the competing risk regression model for a reintervention. The
risk for reintervention was 33% (95% CI: 20-46%), and 46% (95% CI: 28-63%) after 12 and 36 months,
respectively.

Conclusions: Endovascular repair of degenerative iliac artery aneurysms with Zenith Branch Iliac
Bifurcation device is a feasible and safe option. Perioperative morbidity and mortality are low with good graft
patency rates. The risk for secondary iliac artery interventions is considerable and highlights the need for

patients with iliac disease to undergo continuous follow-up in a dedicated vascular center.
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Introduction

Endovascular repair of aneurysms extending beyond the
iliac bifurcation remains a therapeutic challenge (1,2).
One option to create sufficient distal landing zone is to
intentionally occlude the internal iliac artery with either
a plug or coil and deploy the stent graft into the external
iliac artery. It is, however, an approach that has resulted in
significant morbidity including impotence and claudication
(3,4). Moreover, it may compromise the collateral spinal
blood flow and complicate potential future aortic repair
by increasing the risk for spinal cord ischemia (5). The use
of iliac branch devices has, therefore, become an effective
treatment option by preserving antegrade blood flow into
the internal iliac artery (3,4).

The aims of this study were to analyze outcomes after
endovascular iliac branch repair for aneurysms of the
iliac arteries extending beyond the iliac bifurcation, and
to evaluate the secondary interventions and associated
outcomes. We present this article in accordance with the
STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-22-564/rc).

Methods
Patients and follow-up protocol

Our retrospective cohort study investigates patients who
underwent branch repair for aneurysms of the iliac arteries
using the Zenith® Branch Endovascular Tliac Bifurcation (ZBIS;
Cook Medical Europe Ltd., Limerick, Ireland) graft device
between 07/2013 and 11/2020 in one single center, which is a

Highlight box

Key findings

¢ Endovascular treatment using the ZBIS device was performed in 63
patients with iliac artery aneurysms and we observed no in-hospital
mortality. The internal iliac artery’s diameter and a prior abdominal
aortic intervention were identified as significant variables in the
competing risk regression model for a reintervention.

What is known and what is new?

e ZBIS is a feasible and safe treatment option for patients with iliac
aneurysms.

*  We identified the internal iliac artery’s diameter as a significant
predictor for a secondary intervention.

What is the implication, and what should change now?
* We recommend close follow-up of patients following branched
iliac artery repair.
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large university hospital. All procedures were carried out by or
under direct supervision of one of two endovascular experts.
All patients, which received the ZBIS stentgraft during this
period in our center were included in the study. All patients
underwent preoperative computed tomography angiography
(CTA). Postoperative follow-up included CTA before
discharge, if the renal function was acceptable and ultrasound
at 6 and 12 months, and yearly thereafter. If the ultrasound was
not diagnostic, a CTA was obtained.

The primary outcomes of this study were in-hospital
death, technical success and long-term patency rates after
ZBIS implantation and the secondary outcomes of this
study were risk factors for reinterventions.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Our
institutional review board (IRB) approved this study, and
the need for informed consent was waived due to the
retrospective nature of the study (IRB number: 20-1302;
approval date: February 4, 2021).

Endovascular approach

ZBIS implantation follows the manufacturer’s instructions
for use, and this procedure is routine in our hybrid
operating room. It is carried out by a board-certified
vascular surgeon and a surgical resident. Nowadays, we
routinely access the femoral arteries percutaneously via pre-
closure techniques (Proglide, Abbott Medical, Chicago,
Illinois, USA), while open surgical cut-down was more
common at the beginning of the study period.

Definition of parameters and data collection

Data were collected retrospectively using our center’s
prospectively maintained databases. We evaluated
baseline and characteristics, previous aortic procedures,
intraoperative details, clinical outcomes, and follow-up
data. Diameter progression was defined as an increase in
total iliac diameter of more than 5 mm within 6 months.
Immediate technical success was defined as exclusion of the
iliac aneurysm with preservation of the internal iliac artery
and the absence of malposition or migration of the stent-
graft or conversion to open repair.

Statistical analysis

Data are presented as absolute and relative frequency or
as median [first quartile, third quartile]. A student #-test
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or the Mann-Whitney U test were used to compare
continuous variables as appropriate. Categorical variables
were compared using the )’ test by calculating exact values.
In case of small group sizes (n<5), Fisher’s exact test was
used. A competing risk analysis was performed to analyze
the influence of clinically selected variables (age, connective
tissue disease, previous infrarenal aortic intervention,
diagnosis of an intraoperative endoleak, and the internal
iliac artery diameter) on the risk for reintervention. A P
value of <0.05 was considered to represent a statistically
significant difference. Statistical analysis was conducted
using IBM SPSS Statistic 21.0 IBM-SPSS Inc., Armonk,
NY, USA) and R version 3.5.1 (The R Foundation for
Statistical Computing, Austria).

Results
Patient characteristics

A total of 63 patients were included in our study. Mean
[+ standard deviation (SD)] age was 73+11 years. The
majority of the aneurysms were felt to be degenerative
in nature, except in two patients (3%) who had a well-
established diagnosis of Marfan’s syndrome. The indications
for treatment were common iliac aneurysm in 62 (98%)
patients, 20 (32%) of them bilateral and internal iliac
aneurysm in 32 (51%) patients, 5 (8%) of them bilateral.
The underlying pathologies are summarized in Table 1.
Five patients (8%) had already undergone open abdominal-
aorta surgery, while ten patients (16%) had undergone
prior endovascular aortic repair (EVAR). All patient
demographics and risk factors are summarized in Table 1.

Periprocedural details

A total of 71 ZBIS stent-grafts were implanted. Eight
patients (13%) required bilateral ZBIS implantation and
40 patients (63%) underwent additional EVAR to treat
an aneurysm of the infrarenal aorta or to gain a sufficient
proximal landing zone. In the majority of cases, we used the
femoral arteries as access vessels, whereas the subclavian
artery was employed in ten patients (16%). Median
fluoroscopy time was 35+25 minutes. A perioperative
endoleak was present and accepted in 20 patients (32%).
Nine of these patients required a reintervention during
follow-up, four during the same hospital stay and five after
discharge. Of these reinterventions after discharge, only one
was caused by the 20 before mentioned accepted endoleaks,
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the others were staged procedures or a thrombosis of the
stentgraft, mainly internal iliac artery. All periprocedural
details are illustrated in Table 2.

Outcome characteristics after ZBIS

Postoperative outcome following ZBIS implantation was
satisfactory with no in-hospital death, stroke, need for
dialysis or myocardial infarction. All outcome characteristics
are listed in Tibles 3,4.

Details on reinterventions

The patients were followed-up for a total of 129 patient-
years, with a median follow-up of 19 [5, 39] months. 39
patients (62%) had at least a 6-month follow-up. Eight
(13%) patients were lost to follow-up and four patients
(6%) died during follow-up. In total 32 reinterventions
were performed in 23 patients (37%). There was no
statistically significant difference in patient characteristics
between patients with or without iliac reinterventions.
Indications for reinterventions were endoleaks in 19 cases
(61%), and occlusive thrombus formation within the stent-
graft in 5 cases (16%). Seven patients (23 %) underwent
a staged procedure. Reinterventions were primarily done
endovascularly with a 90% success rate in 28 cases. Two
patients (6%) needed to be converted to open surgery
because of multiple endoleaks, and one patient (3%)
required an additional endovascular reintervention because
of persistent endoleak. Overall, 90% of the reinterventions
succeeded. All details on the reinterventions are summarized
in Tables 3,4, and a detailed list of the indications for each
patient’s intervention is found in Table 5.

Patency

In the last follow-up CTA, which was done after a median
follow-up of 19 [5, 39] months, 68 stent-grafts in the
common iliac artery (96%) were patent, and the stent-graft
in the internal iliac artery was patent in 66 cases (93%).
Reintervention did not affect patency rates.

Competing risk model

The internal iliac artery’s diameter [subdistribution hazard
ratio (sHR): 1.046; P=0.002] and a prior abdominal aortic
intervention (sHR: 0.3331; P=0.037) were identified as
significant variables in our competing risk regression model

Cardiovasc Diagn Ther 2023;13(4):700-709 | https://dx.doi.org/10.21037/cdt-22-564



Cardiovascular Diagnosis and Therapy, Vol 13, No 4 August 2023

Table 1 Patient characteristics and pathology

703

Characteristics All patients (n=63) No reintervention (n=40) Reintervention (n=23) P
Age (years) 73 [64, 78] 74 [64, 78] 74 (65, 78] 0.372
Male 61 [97] 40 [100] 21 [91] 0.130
Diabetes mellitus type 2 3[5] 2 [5] 1[4] 1.000
Hyperlipidemia 28 [44] 19 [48] 9[39] 0.603
Hypertension 48 [76] 33 [83] 15 [65] 0.137
Coronary artery disease 30 [48] 21 [563] 9 [39] 0.432
History of smoking 10 [16] 7[18] 3[13] 0.734
Smoking 10 [16] 8 [20] 2[9] 0.302
COPD 9[14] 5[13] 417] 0.713
History of stroke 5[8] 31[8] 2[9] 1.000
Dialysis 11[2] 1[3] 0[0] 1.000
Connective tissue disease 23] 11[3] 1[4] 1.000
AAA operation before 15 [24] 11 [28] 417] 0.540
Open surgery 5[8] 41[10] 1[4] 0.424
EVAR 10 [16] 4110] 6 [26] 0.093
Maximal diameters in mm -
CIA right 35 [24, 39] 34 [25, 37] 37 [25, 39]
CIA left 33 [26, 39] 32 [24, 40] 33 [27, 39]
1A right 27 23, 37] 26 [22, 32] 33 [24, 42]
1A left 29 [24, 36] 28 [21, 31] 35 [30, 42]
Abdominal aorta 46 [36, 53] 47 [39, 53] 43 [31, 54]
Pathology -
Aortoiliac aneurysm 30 [48] 17 [43] 13 [57]
Concomitant IIA aneurysm 12 [19] 6 [15] 6 [26]
Unilateral 16 [25] 10 [25] 6 [26]
Bilateral 14 [22] 7[18] 7 [30]
Isolated iliac aneurysm 30 [48] 21 [563] 9 [39] -
Concomitant IIA aneurysm 13 [21] 9 [23] 417]
Unilateral 22 [35] 15 [38] 7 [30]
Bilateral 8[13] 6 [15] 2[9]
Isolated IIA aneurysm 31[5] 2 [5] 1[4] -

Values are presented as n [%] or median [first quartile, third quartile] or mm. COPD, chronic obstructive pulmonary disease; AAA,

abdominal aortic aneurysm; EVAR, endovascular abdominal aortic repair; CIA, common iliac artery; llA, internal iliac artery.
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Table 2 Intervention details
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Intervention details All patients (n=63) No reintervention (n=40) Reintervention (n=23) P
ZBIS right 32 [51] 18 [45] 14 [61] 0.192
ZBIS left 39 [62] 27 [68] 12 [48] 0.276
ZBIS bilateral 8[13] 5[13] 31[5] 0.950
Abdominal aortic stent-graft 40 [63] 27 [68] 13 [56] 0.778
Access
Left CFA cut down 20 [32] 9 [23] 11 [48] 0.051
Left CFA percutaneous 37 [59] 28 [70] 9 [39] 0.020
Right CFA cut down 15 [24] 8 [20] 7 [30] 0.373
Right CFA percutaneous 34 [54] 25 [63] 9 [39] 0.115
Subclavian artery 10 [16] 5[13] 5[22] 0.476
X-ray time in minutes 35 [23, 49] 35[16, 47] 35 [28, 57] 0.221
Endoleak perioperative
la 4 [6] 1[3] 3[13] 0.134
Ib IIA 1[2] 01[0] 1[4] 0.365
Ib CIA 010] 01[0] 01[0] -
Il 12[19] 8 [20] 417] 1.000
11l 3[5] 31[8] 0[0] 0.293

Values are presented as n [%] or median [first quartile, third quartile]. ZBIS, Zenith® Branch Endovascular lliac Bifurcation; CFA, common

femoral artery; IIA, internal iliac artery; CIA, common iliac artery.

Table 3 Outcome

No reintervention (n=40) Reintervention (n=23)

Outcome All patients (n=63)
In-hospital death 0[0]
Stroke 0[0]
Dialysis 01[0]
Myocardial infarction 0[0]
Hospital stay (days) 9[7,10]

0[0] 0[0]
0 [0] 01[0]
0[0] 0[0]
0[0] 0[0]
87, 10] 119, 15]

Values are presented as n [%)] or median [first quartile, third quartile].

for a reintervention (Figure I). The risk for reintervention
was 33% (95% CI: 20-46%), and 46% (95% CI: 28-63%)
after 12 and 36 months, respectively (Figure I).

Discussion

"This study’s most important findings are that: (I) branched
iliac artery repair is a safe and effective treatment for
aneurysms of the iliac arteries extending beyond the

© Cardiovascular Diagnosis and Therapy. All rights reserved.

bifurcation with high internal iliac artery patency rates;
(ID) the risk for secondary interventions in these patients is
considerable, and the procedures are associated with low
morbidity and mortality; (III) the internal iliac arteries
diameter is a significant predictor of secondary intervention;
and (IV) close follow-up of patients following branched iliac
artery repair is recommended.

This study’s population is comparable to other
reports addressing the issue of iliac artery disease with a
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Reason for reintervention Values

First reintervention 23 [37]
Endoleak 14 [61]
Thrombus 3[13]
Other 6 [26]
Reintervention successful 21 [91]
Days between first intervention & reintervention 91 [12, 203]

Second reintervention 7[11]
Endoleak 4 [57]
Thrombus 2 [29]
Other 1[14]
Reintervention successful 6 [86]

Days between first intervention & reintervention
Third reintervention

Endoleak

Reintervention successful

Days between first intervention & reintervention

584 [250, 983]
1[2]
1 [100]
1 [100]
1,346

Values are presented as n [%] or median [first quartile, third quartile].

predominantly male population and a high incidence of
cardiovascular risk factors (2,6,7). This high disease burden
accompanied by the study cohort’s relatively advanced age
and a comparatively high incidence of prior abdominal
aortic interventions well justifies endovascular treatment
as preferred strategy to address the underlying iliac artery
disease process. Open vascular surgery in the deep pelvic
region is technically more difficult (especially in obese
patients) and burdened by higher rate of postoperative
complications and longer hospital stay, compared to the
endovascular approach (8,9).

We treated two patients with an underlying connective
tissue disease (Marfan’s syndrome) endovascularly in this
study. Both patients had already undergone open abdominal
graft implantation or thoracoabdominal aortic replacement,
respectively, creating an ideal artificial proximal landing
zone for downstream endovascular repair. In general,
we refrain from EVAR in patients with connective tissue
disorders with native landing zones because of their high
risk of late endoleak formation, negative aortic remodelling,
and subsequent treatment failure (10-12). However, we
carry out endovascular aortic or iliac repair liberally when

© Cardiovascular Diagnosis and Therapy. All rights reserved.

a sufficient, artificial proximal landing zone is present. In
so doing, we defer and potentially prevent a later distal
reintervention (while ensuring sufficient and close clinical
follow-up of these patients), or we lower the risk for
subsequent open surgical completion (11,13). Of note, the
benefit of an artificial proximal landing zone is also reflected
in our competing risk regression model that reveals a lower
hazard ratio for reinterventions in these patients.

In this study, 8 patients underwent bilateral ZBIS, and
40 patients received an additional abdominal stent-graft.
This is in line with other studies (2,6,14) and highlights
the general vasculopathy that usually affects the patient’s
entire vasculature. Also, branched iliac artery repair is an
ideal treatment option to preserve collateral spinal blood
flow (5) and to prevent buttock claudication and impotence
especially in patients with bilateral iliac artery disease (7).
Moreover, ten patients required subclavian artery access for
ZBIS implantation because of unsuitable femoral arteries
or unfavorable anatomy for cross-over access. Subclavian
access is safe and commonly used for transcatheter aortic
valve implantation in similar clinical scenarios or for
the antegrade treatment of thoraco-abdominal aortic

Cardiovasc Diagn Ther 2023;13(4):700-709 | https://dx.doi.org/10.21037/cdt-22-564
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Table 5 Details of reinterventions

Patient Reason for reintervention Reintervention successful Days between first intervention & reintervention
1 Planned reintervention Yes 113
2 Thrombus Yes 145
3 Thrombus Yes 805
4 Planned reintervention Yes 91
Thrombus Yes 268
5 Endoleak type I b Yes 21
Endoleak type | a & rupture No 944
6 Endoleak type | b No 15
Endoleak type IlI Yes 566
7 Endoleak type | b Yes 987
8 Endoleak type Il Yes 1,248
9 Endoleak type | a Yes 8
10 Endoleak type | a Yes 5
11 Endoleak type Il Yes 870
Endoleak type Il Yes 1,099
12 Planned reintervention Yes 41
13 Thrombus Yes 140
Multiple endoleaks Yes 601
14 Endoleak type Il No 1,106
Endoleak type Il Yes 1,158
Endoleak type I Yes 1,346
15 Endoleak type la Yes 7
16 Endoleak type Il Yes 217
17 Endoleak type la Yes 8
Endoleak type Ib Yes 1,996
18 Endoleak type Il Yes 188
19 Endoleak type Il Yes 142
20 Planned reinterventions Yes 28
21 Endoleak type lIb Yes 76
Endoleak type lIb Yes 196
22 Thrombus Yes 6
23 Endoleak type 1 stent-graft dislocation Yes 7
aneurysms (15,16). These points emphasize the value of a We observed no in-hospital death, stroke, myocardial
multidisciplinary vascular team to enable tailored treatment infarction, or kidney failure in our cohort, which is also
approaches for these complex patients. in line with other studies (2,6,8,17) highlighting the
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Competing-risks regression for reintervention
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Competing risk regression: reintervention*

Variable P sHR 95% CI
Age 0.9400 1.003 0.939-1.070
Connective tissue disease 0.2400 2.850 0.489-16.626
Intraoperative endoleak 0.5600 1.303 0.541-3.138
Diameter internal iliac artery 0.0015 1.046 1.017-1.075
Prior abdominal aortic 0.0370 0.331 0.117-0.936
intervention

Figure 1 Competing risk regression for iliac reintervention
(competing risk: death) in patients following endovascular iliac branch
repair. The risk for reintervention was 33% (95% CI: 20-46%),
and 46% (95% CI: 28-63%) after 12 and 36 months, respectively.
A 95% CI is depicted. Values are n (%). *, competing risk: death.

sHR, subdistribution hazard ratio; CI, confidence interval.

ZBIS procedure’s safety. Even when a patient needed a
reintervention, their outcome was excellent and associated
with low morbidity and mortality.

In this study, although we tolerated a noteworthy number
of intraoperative endoleaks, we detected no statistically
significant effect of tolerated endoleaks on secondary
interventions. Since our dedicated outpatient clinic routinely
follows-up all our patients after 6 months, we are capable
of carefully and timely assessing the remodeling of the
aorto-iliac axis, and are thus able to intervene appropriately
during follow-up. Our competing risk regression model did
not show that an intraoperative endoleak is predictive for a
secondary intervention after discharge. Our indications for
reinterventions were heterogeneous with different types of
endoleaks, rupture, thrombosis and most reinterventions
were unexpected during follow-up.

This study also shows that patients undergoing
reinterventions had larger pre-interventional iliac arteries
and larger diameters in their last pre-intervention follow-up

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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CTA. In addition, the internal iliac artery’s diameter was
predictive for a reintervention during follow-up. These
findings are in line with other studies investigating the use
of branched iliac devices (1,14,18). This is important to
know before planning the procedure. Maybe patients with
large internal iliac artery aneurysms should be considered
for another therapeutic option, or if they undergo ZBIS
implantation, carefully monitored during follow-up. Of
note, we are unable to define a clear cut-off for the internal
iliac artery’s diameter because of the retrospective study
design and the patient number included into this study.
Hence, prospective studies are required to close this
knowledge gap. However, implanting surgeons need to be
aware of an increasing risk proportional to the internal iliac
artery when choosing ZBIS treatment.

Lastly, this study delivers convincing evidence of
excellent technical success and long-term patency rates
following branched iliac artery repair which well reflects the
patency rates ranging from 90% to 100% reported in the
literature (17,19,20,21,22).

Limitations and strengths

Our study is limited by retrospective nature, its sample
size, and the relatively brief follow-up period. Therefore,
the competing risk regression model should be interpreted
carefully within this context. Furthermore, we accepted
mild intraoperative type I and III endoleaks (defined in
interdisciplinary consent with the vascular surgeon and
the interventional radiologist) and included them in the
technical success group, what is unusual. However, this
investigation contributes valuable knowledge on positive
outcomes after branched iliac artery repair, and highlights
the need for continuous follow-up of these patients. In
addition, due to the retrospective character of the study,
we were able to identify patients with clearly intended
reintervention but we were unable to identify patients with
anticipated or expected reinterventions.

Conclusions

Branched iliac artery repair is a safe and effective treatment
for aneurysms of the iliac arteries extending beyond the
bifurcation, as it is associated with high mid-term patency
rates during follow-up. Although the risk these patients
carry for secondary interventions is considerable, the
procedures are associated with excellent outcomes. We
identified the diameter of the internal iliac artery as a

Cardiovasc Diagn Ther 2023;13(4):700-709 | https://dx.doi.org/10.21037/cdt-22-564
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predictor for a reintervention during follow-up. Lastly, we
recommend close follow-up of patients following branched
iliac artery repair.
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