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Effect of narrow paravisceral aorta on target vessel instability after
fenestrated and branched endovascular aortic repair
Michele Piazza, MD, Francesco Squizzato, MD, Edoardo Forcella, MD, Marco James Bilato, MD,
Elda Chiara Colacchio, MD, Franco Grego, MD, and Michele Antonello, MD, PhD, Padova, Italy

ABSTRACT
Objective: To investigate the effect of narrow paravisceral aorta (NPA) on target vessel instability (TVI) after fenestrated-
branched endovascular aortic repair.

Methods: We conducted a single-center retrospective study (2014-2023) of patients treated by fenestrated-branched
endovascular aortic repair for thoracoabdominal aortic aneurysms (TAAA) or pararenal aortic aneurysms. The para-
visceral aorta was defined as the aortic segment limited by the diaphragmatic hiatus proximally and the emergence of
lower renal artery distally, and was considered “narrow” in case of a minimum inner diameter of <25 mm. The minimum
aortic diameter, location, longitudinal extension, angulation, calcification, and thrombus thickness of NPA were evalu-
ated at the preoperative computed tomography angiogram. End points were 30-day technical success and freedom
from TVI.

Results: There were 142 patients with JRAA/pararenal aortic aneurysm (n ¼ 85 [59%]) and extent IV (n ¼ 24 [17%]) or
extent I-III (n ¼ 33 [23%]) TAAA, with 513 target arteries successfully incorporated through a fenestration (n ¼ 294 [57%]) or
directional branch (n ¼ 219 [43%]). A NPA was present in 95 patients (70%), 73 (86%) treated by fenestrated endovascular
aortic repair (FEVAR) and 22 (39%) by branched endovascular aortic repair (BEVAR). The overall 30-day mortality was 2%
and technical success was 99%, without differences between NPA and non-NPA (P ¼ .99). Kaplan-Meier estimated
freedom from TVI at 4 years was 82%, 81% (95% CI, 75-95) in patients with a NPA and 80% (95% CI, 68-94) and in those
without NPA (P ¼ .220). The result was maintained for both FEVAR (NPA: 81% [95% CI, 62-88]; non-NPA: 76% [95% CI, 60-
99]; P ¼ .870) and BEVAR (NPA: 77% [95% CI, 69-99]; non-NPA: 80% [95% confidence interval (CI) 66-99]; P ¼ .100). After
multivariate analysis, the concomitant presence of a NPA <20 mm and angulation of >30" was significantly associated
with TVI in FEVAR (HR, 3.21; 95% CI, 1.03-48.70; P ¼ .036), being the result mostly driven by target vessel occlusion. In
BEVAR, a NPA diameter of <25 mm was not associated with TVI (HR, 2.02; 95% CI, 0.59-5.23; P ¼ .948); after multivariate
analysis, the use of outer branches in case of a NPA longitudinal extension of >25 mm (hazard ratio [HR], 3.02; 95% CI,
1.01-36.33; P ¼ .040) and NPA severe calcification (HR, 1.70; 95% CI, 1.00-22.42; P ¼ .048) were associated with a higher
chance for TVI.

Conclusions: FEVAR and BEVAR are both feasible in cases of NPA and provide satisfactory target vessels durability. The
use of outer branches should be avoided in cases with an inner aortic diameter of <25 mm with a longitudinal extension
of >25 mm or moderate to severe NPA calcifications. In FEVAR, bridging stent patency may be negatively influenced by
NPA of <20 mm in association with aortic angulation of >30" . (J Vasc Surg 2024;79:217-27.)
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In the last two decades, endovascular treatment of thora-
coabdominal aortic aneurysm (TAAA) and juxta/pararenal
aortic aneurysm has significantly evolved, thanks to its
low perioperative mortality and morbidity in comparison
with open surgery.1-4 The evolution of accurate case plan-
ning, together with increments in different options for
endograft customization, and the increasing number of
off-the-shelf devices options, has allowed to drastically
expand the role of endovascular repair both in elective
and urgent cases.
However, there remain some anatomical aspects that

may represent a criticism for technical success and
long-term target vessel instability (TVI). The presence of
a narrow aortic lumen may represent a challenge for
endograft planning, deployment, and technical success
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Five patients received a mixed fenestrated-branched
endograft. The mean patient age was 72 6 10 years and
85% of patients were male. Demographics and risk fac-
tors of the patient cohort, stratified by endograft design
and presence of NPA, are reported in Table I.
Patients with a NPA were characterized by a higher

prevalence of JRAA/PRAA rather than TAAA (74% vs
24%; P < .001), both in FEVAR (82% vs 42%; P < .001)
and BEVAR (59% vs 20%; P < .001), and a steeper aortic
angulation (26 6 13! vs 19 6 13! ; P ¼ .013), especially in
those treated by BEVAR (FEVAR, 24 6 14! vs 22 6 13!

[P ¼ .738]; BEVAR, 30 6 14! vs 18 6 13! [P ¼ .003]). Six
patients had aortic dissection.
The anatomical details of NPA are showed in Table II.

The minimum NPA aortic diameter was 20 6 5 mm in
case of FEVAR and 21 6 5 mm in case of BEVAR. The
aortic segment with minimum aortic diameter was
zone 8 for most patients (45%), and the mean longitudi-
nal extension was overall 27 6 18 mm, 31 6 18 mm in
FEVAR and 19 6 18 mm in BEVAR. NPA was associated
with an aortic dissection with a true lumen diameter
of <25 mm in 5 cases (5%), moderate/severe calcification
in 10 (11%), extended thrombus in 23 (24%), and steep
aortic angulation (>30!) in 24 (25%).
An off-the-shelf branched device was used in 27 pa-

tients (19%). In cases of BEVAR, the use of inner branches

was preferred in case of NPA (63% vs 20%; P ¼ .001); also,
the use of adjunctive relining stent was more often per-
formed for the celiac artery (38% vs 6%; P ¼ .009) and su-
perior mesenteric artery (59% vs 20%) in the case of NPA.
After stratification by type of target vessel incorporation,
procedural metrics were similar comparing NPA vs
non-NPA for both BEVAR and BEVAR (Table II).

Early outcomes. The overall procedural technical suc-
cess rate was 99%. In one case of NPA undergoing
FEVAR, the left renal artery could not be successfully
bridged owing to the small diameter and angulation
of the target vessel. The overall 30-day mortality rate
was 2% (n ¼ 3), and there were no differences in 30-day
mortality in NPA (n ¼ 2 [2%]) vs non-NPA (n ¼ 1 [3%];
P ¼ 1.00) and perioperative systemic complications in
patients with NPA vs non-NPA (Table III). At 30 days,
there were no endograft-related complications, and
there were four (3%) bridging stent occlusions (n ¼ 1
outer branch occlusion; n ¼ 2 renal artery occlusions
after FEVAR) or stenosis requiring reintervention (n ¼ 1
stenosis of superior mesenteric artery outer branch),
with all of these complications occurring in patients
with NPA (P ¼ .302). Three (2%) endoleaks (1 inner
branch disconnection, 1 type Ic after FEVAR, and 1 type
Ic after BEVAR) received an endovascular

Table I. Demographics and risk factors of the 142 patients treated by fenestrated-branched endovascular aortic repair
(F-BEVAR), stratified by presence of a narrow paravisceral aorta (NPA) (diameter of <25 mm)

Characteristics

All patients (n ¼ 142) FEVAR (n ¼ 85) BEVAR (n ¼ 57)

NPA
(n ¼ 95)

No NPA
(n ¼ 47)

P
value

NPA
(n ¼ 73)

No NPA
(n ¼ 12)

P
value

NPA
(n ¼ 22)

No NPA
(n ¼ 35)

P
value

Demographics

Age, years 73.5 6 10.0 66.8 6 10.0 .002a 73.7 6 10.0 74.1 6 10.0 .926 73 6 10.2 64.9 6 10.3 .008a

Age >80 years 17 (18) 8 (17) .99 12 (16) 3 (25) .697 5 (23) 5 (14) .485

Male sex 80 (84) 41 (87) .803 53 (73) 10 (83) .723 17 (77) 31 (88) .286

Risk factors

Hypertension 87 (92) 37 (78) .057 67 (92) 10 (83) .261 20 (91) 27 (77) .287

Diabetes 16 (17) 7 (15) .99 10 (14) 2 (17) .675 6 (27) 5 (14) .305

Dyslipidemia 65 (68) 25 (53) .100 50 (68) 9 (75) .748 15 (68) 16 (46) .111

CAD 48 (53) 18 (34) .211 33 (45) 5 (42) .99 15 (68) 13 (37) .114

COPD 15 (16) 5 (11) .455 12 (16) 1 (8) .682 3 (14) 4 (11) .99

CKD 32 (34) 14 (30) .705 23 (32) 3 (25) .748 9 (41) 11 (31) .571

PAD 10 (11) 2 (9) .337 5 (7) 0 (0) .99 5 (23) 2 (6) .095

Prior stroke/TIA 11 (12) 4 (9) .773 7 (10) 1 (8) .99 4 (18) 3 (9) .414

Prior laparotomy 36 (38) 10 (23) .057 26 (36) 2 (17) .321 10 (45) 8 (23) .088

Prior aortic surgery 27 (28) 11 (23) .553 18 (25) 2 (17) .723 9 (41) 9 (26) .256

SVS comorbidity score 8.0 6 3.6 7.9 6 3.6 .896 8.1 6 3.6 8.5 6 3.6 .796 7.8 6 3.7 7.8 6 3.7 .99

BEVAR, Branched endovascular aortic repair; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease;
FEVAR, fenestrated endovascular aortic repair; PAD, peripheral artery disease; SVS, Society for Vascular Surgery; TIA, transient ischemic attack.
Values are mean 6 standard deviation or number (%).
aStatistically significant.
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mm (HR, 2.81; 95% CI, 0.96-15.32; P ¼ .088) cutoff
(Supplementary Fig, online only). Aneurysm extent classi-
fication (HR, 1.64; 95% CI, 0.24-1.62; P ¼ .348), NPA longitu-
dinal extension (HR, 1.16; 95% CI, 0.44-3.38; P ¼ .775),
calcification (HR, 1.00; 95% CI, 0.39-2.53; P ¼ .993), angula-
tion (HR, 3.85; 95% CI, 0.87-45.1; P ¼ .120), and type of
bridging stent (HR, 0.98; 95% CI, 0.36-2.68; P ¼ .783)
were also not associated with fenestrations instability.
The concomitant presence of an NPA of <20 mm and
angulation of >30" was significantly associated with TVI

in FEVAR (HR, 3.45; 95% CI, 1.09-36.99; P ¼ .018) (Fig 2), be-
ing the result mostly driven by target vessel occlusion; all
(n ¼ 4) occurred in this subgroup of FEVAR patients. Also
a longer bridging distance (HR, 1.23; 95% CI, 1.01-3.24; P ¼
.031) and a smaller target vessel size (HR, 0.29; 95% CI,
0.17-0.67; P¼ .010) had a higher risk of TVI. The coexis-
tence of an NPA of <20 mm and angulation of >30"

was associated with TVI (HR, 3.50; 95% CI, 1.10-36.90;
P ¼ .015) also after exclusion of patients with aortic
dissection (n ¼ 1).

Table III. Early (30-day) outcomes of the 142 patients treated by fenestrated-branched endovascular aortic repair (F-BEVAR),
stratified by presence of a narrow paravisceral aorta (NPA) (diameter <25 mm)

Characteristics

Overall (n ¼ 142) FEVAR (n ¼ 85) BEVAR (n ¼ 57)

NPA
(n ¼ 95)

No NPA
(n ¼ 47)

P
value

NPA
(n ¼ 73)

No NPA
(n ¼ 12)

P
value

NPA
(n ¼ 22)

No NPA
(n ¼ 35)

P
value

Systemic outcomes

Death 2 (2) 1 (3) .99 1 (2) 0 (0) .99 1 (5) 1 (3) .347

Myocardial infarction 2 (2) 0 (0) .99 2 (3) 0 (0) .99 0 (0) 0 (0) .99

Respiratory failure 7 (8) 4 (8) .481 5 (7) 0 (0) .99 2 (9) 4 (11) .666

Acute kidney insufficiency 6 (7) 3 (6) .699 3 (4) 0 (0) .99 3 (13) 3 (8) .99

Gastrointestinal complications 3 (4) 0 (0) .562 2 (3) 0 (0) .99 1 (5) 0 (0) .99

Stroke/TIA 0 (0) 2 (4) .070 0 (0) 0 (0) .99 0 (0) 2 (6) .489

Spinal cord injury 4 (5) 1 (2) .99 3 (4) 0 (0) .99 1 (5) 1 (3) .99

Surgical outcomes

Procedural technical success 94 (99) 47 (100) .99 73 (100) 12 (100) .99 22 (100) 35 (100) .99

Complications

Endograft-related complications 0 (0) 0 (0) .99 0 (0) 0 (0) .99 0 (0) 0 (0) .99

Target vessel occlusion/stenosis 4 (5) 0 (0) .302 2 (3) 0 (0) .99 2 (9) 0 (0) .144

Reintervention for target vessel endoleak 3 (4) 0 (0) .551 1 (2) 0 (0) .99 2 (9) 0 (0) .144

Vascular access complication 3 (4) 3 (6) .99 1 (2) 0 (0) .99 2 (9) 3 (8) .99

30-Day technical success 7 (92) 47 (100) .095 69 (95) 12 (100) .99 19 (86) 35 (100) .053

BEVAR, Branched endovascular aortic repair; FEVAR, fenestrated endovascular aortic repair; TIA, transient ischemic attack.
Values are number (%).

Fig 1. (A) Kaplan-Meier curve of freedom from target vessel instability (TVI) after fenestrated-branched endo-
vascular aortic repair (F-BEVAR), stratified by presence of a narrow paravisceral aorta (NPA) < 25 mm in diameter.
Standard error (SE) <10%. (B) Kaplan-Meier curve of freedom from TVI after fenestrated endovascular aortic repair
(FEVAR), stratified by presence of a NPA of 25 mm in diameter. The SE was <10%. (C) Kaplan-Meier curve of
freedom from TVI after BEVAR, stratified by presence of a NPA of <25 mm in diameter. SE <10%.
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Effect of narrow paravisceral aorta on target vessel instability after
fenestrated and branched endovascular aortic repair
Michele Piazza, MD, Francesco Squizzato, MD, Edoardo Forcella, MD, Marco James Bilato, MD,
Elda Chiara Colacchio, MD, Franco Grego, MD, and Michele Antonello, MD, PhD, Padova, Italy
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Conclusions: FEVAR and BEVAR are both feasible in cases of NPA and provide satisfactory target vessels durability. The
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In BEVAR, TVI was not associated with an NPA diameter
of <25 mm (HR, 2.11; 95% CI, 0.80-3.45; P ¼ .897), NPA
thrombus thickness (HR, 5.43; 95% CI, 3.41-56.4;
P ¼ .542), angle (HR, 1.02; 95% CI, 0.94-1.18; P ¼ .602), or
type of bridging stent (HR, 0.91; 95% CI, 0.22-5.67;
P ¼ .623). After multivariate analysis, the use of outer
branches in case of an NPA longitudinal extension of
>25 mm (HR, 3.02; 95% CI, 1.01-36.33; P ¼ .040) and
NPA severe calcification (HR, 1.70; 95% CI, 1.00-22.42;
P ¼ .048) were associated with a higher chance for TVI
(Fig 3), as well as a smaller target artery diameter
(HR, 0.31; 95% CI, 0.20-0.71; P ¼ .006). After exclusion of
patients with aortic dissection (n ¼ 5), outer branches in

an NPA longitudinal extension of >25 mm (HR, 2.62;
95% CI, 1.01-25.12; P ¼ .044) and NPA severe calcification
(HR, 1.57; 95% CI, 1.00-31.66; P ¼ .046) were still associated
with TVI.

DISCUSSION
The definition of narrow aorta by itself is not well-

established. In the modern endovascular era, the
increasing number of different available endografts for
the treatment of JRAA/PRAA and TAAA has allowed
operators to push the treatment toward cases with
increasingly complex anatomies. In this scenario, a nar-
row aorta is primarily defined in relation to the minimum

Table IV. Univariate and multivariate Cox proportional hazards for target vessel instability (TVI), stratified by type of target
vessel incorporation

Characteristics

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

FEVAR

TAAA 1.64 (0.24-1.62) .348 e e

Aortic dissection 0.16 (0.09-6.57) .545 e e

NPA <20 mm 2.95 (0.99-8.52) .054 2.81 (0.96-15.32) .088

NPA longitudinal extension 1.16 (0.44-3.38) .775 e e

NPA severe calcification 1.00 (0.39-2.53) .993 e e

NPA thrombus thickness 0.76 (0.23-3.15) .675 e e

NPA angle >30" 3.24 (0.93-22.14) .087 3.49 (0.81-59.31) .342

NPA <20 mm þ NPA angle >30" e e 3.21 (1.03-48.70) .036a

NPA location in zone 8 3.00 (1.10-5.44) .072 e e

Gap distance 1.55 (1.22-1.75) .001a 1.23 (1.01-3.24) .031a

Renal artery 1.76 (0.55-5.59) .336 e e

Target artery diameter 0.23 (0.12-0.45) .001a 0.29 (0.17-0.55) .003a

Type of bridging stent, VBX 0.98 (0.36-2.68) .783 e e

BEVAR

TAAA 0.91 (0.06-3.64) .462 e e

Aortic dissection 0.55 (0.12-12.83) .664 e e

Outer branch 1.09 (0.27-4.17) .891 1.21 (0.14-6.53) .942

NPA <25 mm 2.11 (0.80-3.45) .897 2.02 (0.59-5.23) .948

NPA longitudinal extension >25 mm 1.59 (0.99-12.13) .053 2.00 (0.87-38.43) .182

NPA severe calcification 1.69 (0.93-7.04) .045a 1.31 (0.79-10.33) .222

NPA location in zone 6 2.31 (0.99-17.22) .052 e e

NPA thrombus thickness 5.43 (3.41-56.4) .542 e e

NPA angle >30" 1.02 (0.94-1.18) .602 e e

Self-expanding bridging stent 0.91 (0.22-5.67) .623 e e

Bridging stent reinforcement 0.87 (0.89-3.14) .563 e e

Outer branch þ NPA longitudinal extension >25 mm e e 3.02 (1.01-36.33) .040a

Outer branch þ NPA severe calcification e e 1.70 (1.00-22.42) .048a

Gap distance 1.08 (0.89-1.35) .103 e e

Renal artery 1.68 (0.42-3.01) .235 e e

Target artery diameter 0.23 (0.12-0.45) .001a 0.31 (0.20-0.71) .006a

BEVAR, Branched endovascular aortic repair; CI, confidence interal; FEVAR, fenestrated endovascular aortic repair; HR, hazard ratio; NPA, narrow
paravisceral aorta; VBX, Viabahn balloon expandable stent graft.
aStatistically significant.
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Supplementary Fig (online only). (A) Penalized splines function of hazard ratios (HRs)for target vessel instability
(TVI) versus minimum diameter of the paravisceral aorta in patients treated by fenestrated endovascular aortic
repair (FEVAR). To note the mild U-shaped curve with increased HR for TVI for aortic diameter values of <20 mm
or >35 mm. (B) Frequency density distribution of the diameter of the paravisceral aorta, stratified by occurrence of
TVI during follow-up. To note the intersection of the curves at approximately 20 mm and 35 mm. (C) Frequency
density distribution of the angle of the paravisceral aorta, stratified by the occurrence of TVI during follow-up. To
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Intravascular Ultrasound in the Detection of Bridging Stent Graft Instability
During Fenestrated and Branched Endovascular Aneurysm Repair
Procedures: A Multicentre Study on 274 Target Vessels
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WHAT THIS PAPER ADDS
Intravascular ultrasound (IVUS) is used increasingly in endovascular procedures. Its potential in fenestrated or
branched EVAR (F/B-EVAR) as an adjunctive diagnostic tool has not been fully investigated. The current study
supports the safety of IVUS during F/B-EVAR and its value in supporting the decision of immediate re-
intervention for unstable target visceral vessels. The authors support the need for further investigations in
order to prove the role of IVUS in improving the long term results of F/B-EVAR.

Objective: The use of intravascular ultrasound (IVUS) reduces contrast medium use and radiation exposure during
conventional endovascular aneurysm repair (EVAR). The aim of this study was to evaluate the safety and efficacy of
IVUS in detecting bridging stent graft (bSG) instability during fenestrated and branched EVAR (F/B-EVAR).
Methods: This was a prospective observational multicentre study. The following outcomes were evaluated: (1)
technical success of the IVUS in each bSG, (2) IVUS findings compared with intra-operative angiography, (3)
incidence of post-operative computed tomography angiography (CTA) findings not detected with IVUS, and (4)
absence of IVUS related adverse events. Target visceral vessel (TVV) instability was defined as any branch or
fenestration issues requiring an additional manoeuvre or re-intervention. Any IVUS assessment that detected
stenosis, kinking, or any geometric TVV issue was considered to be branch instability. All procedures were
performed in ad hoc hybrid rooms.
Results: Eighty patients (69% males; median age 72 years; interquartile range 59, 77 years) from four aortic centres
treated with F/B-EVAR between January 2019 and September 2021 were included: 70 BEVAR (21 off the shelf; 49
custom made), eight FEVAR (custom made), and two F/B-EVAR (custom made), for a total of 300 potential TVVs. Two
TVVs (0.7%) were left unstented and excluded from the analysis. The TVVs could not be accessed with the IVUS
catheter in seven cases (2.3%). Furthermore, 17 (5.7%) TVVs could not be examined due to a malfunction of the
IVUS catheter. The technical success of the IVUS assessment was 91.9% (274/298), with no IVUS related adverse
events. Seven TVVs (2.5%) showed signs of bSG instability by means of IVUS, leading to immediate revisions. The
first post-operative CTA at least 30 days after the index procedure was available in 268 of the 274 TVVs originally
assessed by IVUS. In seven of the 268 TVVs (2.6%) a re-intervention became necessary due to bSG instability.
Conclusion: This study suggests that IVUS is a safe and potentially valuable adjunctive imaging technology for
intra-operative detection of TVV instability. Further long term investigations on larger cohorts are required to
validate these promising results and to compare IVUS with alternative technologies in terms of efficiency,
radiation exposure, procedure time, and costs.

Keywords: Aneurysm, Endovascular aneurysm repair, Endovascular treatment/therapy, Intravascular ultrasound, Thoracoabdominal aneurysm,
Thoracoabdominal aortic aneurysm
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Role of intravascular ultrasound for the technical assessment of
endovascular reconstruction of the aortic bifurcation
Michele Antonello, MD, PhD, Michele Piazza, MD, Sabrina Menara, MD, Elda Chiara Colacchio, MD,
Franco Grego, MD, Mirko Menegolo, MD, and Francesco Squizzato, MD, Padua, Italy

ABSTRACT
Objective: The aim of this study was to evaluate the role of intravascular ultrasound (IVUS) for the technical assessment of
kissing stents (KSs) and covered endovascular reconstruction of the aortic bifurcation (CERAB) in the treatment of aor-
toiliac obstructive disease involving the aortic bifurcation.

Methods: We conducted a single-center retrospective review of patients undergoing endovascular treatment of severe
aorto-iliac obstructive disease (2019-2023). IVUS was performed in patients treated by KSs or CERAB according to pre-
operative indications, in cases of moderate/severe calcifications, mural thrombus, total occlusions, and lesion extension
towards the proximity of renal or hypogastric arteries. Indications for IVUS-guided intraoperative revisions were residual
stenosis or compression >30%, incomplete stent-to-wall apposition, or flow-limiting dissection at the landing site. Follow-
up assessment was performed at 6 and 12 months, and then yearly. Thirty-day outcomes and 2-year patency rates were
evaluated. Logistic regression was used to identify factors associated with significant technical defects detected by IVUS
needing intraoperative revision.

Results: IVUS was used for the technical assessment of 102 patients treated by KSs (n ¼ 57; 56%) or CERAB (n ¼ 45; 44%)
presenting with severe intermittent claudication (39%), rest pain (39%), or ischemic tissue loss (25%). Twenty-nine sig-
nificant technical defects were identified by IVUS in 25 patients (25%) who then had successful intraoperative correction
by additional ballooning (n ¼ 23; 80%) or stenting (n ¼ 6; 20%). Patients with a severely calcified chronic total occlusion
(odds ratio, 1.85; 95% confidence interval, 1.01-5.27; P ¼ .044) or severely calcified narrow aortic bifurcation with <12 mm
diameter (odds ratio, 2.34; 95% confidence interval, 1.10-8.64; P ¼ .032) were at increased risk for IVUS-guided intra-
operative revision. There were no postoperative deaths and no major adverse events. Two-year primary patency was
100%.

Conclusions: IVUS was used for the technical assessment of KSs/CERAB in a selected cohort of patients with severe
aorto-iliac obstructive disease. This allowed the identification and intraoperative correction of a significant technical
defect not detected by completion angiogram in one-quarter of patients, achieving optimal 2-year results. IVUS
assessment of KSs/CERAB may be considered especially in patients with a calcified total occlusion or narrow aortic
bifurcation. (J Vasc Surg 2024;80:441-50.)

Keywords: Stent; Peripheral arterial disease; Iliac artery; Intravascular ultrasonography; Kissing stent; CERAB

The endovascular treatment of obstructive disease
involving the aortic bifurcation may be performed either
with the kissing stents (KSs) or covered endovascular

reconstruction of the aortic bifurcation (CERAB) tech-
niques.1-3 These two types of endovascular reconstruc-
tions may be adopted in different anatomical
situations, providing excellent clinical results in terms of
technical success and patency rates, and have also
been used for the treatment of challenging situations
characterized by total occlusion, calcification, thrombus,
or extension towards the renal or external iliac arteries.1-6

To ensure optimal clinical results, a final optimal KSs/
CERAB conformation should be achieved, with proximal
and distal stent ends placed in a disease-free aortic and
iliac zone, proper stent expansion with absence of signif-
icant residual stenosis, optimal stent-to-aortic wall appo-
sition, symmetric shape of the KSs, and minimization of
the radial and protrusion mismatch.7,8 Therefore, the
intraoperative technical assessment of KSs/CERAB may
be particularly important. This has been traditionally
based on completion digital subtraction angiography
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Carbon dioxide cone-beam computed tomography for
the technical assessment of endovascular aortic
intervention
Michele Antonello, MD, PhD, Marco James Bilato, MD, Sabrina Menara, MD, Franco Grego, MD,
Michele Piazza, MD, and Francesco Squizzato, MD, Padova, Italy

ABSTRACT
Cone-beam computed tomography (CBCT) is widely used for the technical assessment of standard and complex
endovascular aortic interventions. Use of iodinated contrast in CBCT imaging might provide useful additional informa-
tion; however, this also increases the procedural contrast dose, which may cause renal function deterioration, and the
radiation exposure. We describe the technique and feasibility of carbon-dioxide (CO2)-enhanced CBCT for the technical
assessment of standard and complex endovascular aortic repair. In our experience CO2-CBCT had no related adverse
events and provided satisfactory imaging quality to assess endograft integrity, vessels patency, and was safely performed
in case of severe chronic renal insufficiency. (J Vasc Surg Cases Innov Tech 2024;10:101580.)

Keywords: Abdominal; Aortic aneurysm; Carbon dioxide; Cone-beam computed tomography; Endovascular aneurysm
repair; Renal insufficiency

Endovascular aortic repair has progressively evolved
from standard endovascular aortic repair (EVAR) to
fenestrated-branched repair (F-BEVAR) for the treatment
of disease involving the renal-mesenteric arteries. Both
standard and complex EVAR can be performed with
high rates of technical success and durability; however,
the risk for reinterventions still represents the major
drawback of endovascular interventions.1-3 In particular,
early reinterventions or complications may be caused
by technical defects that are not immediately recog-
nized during the index procedure,4-6 and their intraoper-
ative identification and correction can prevent clinical
complications and secondary interventions during
follow-up.4,7-10

Several imaging techniques are available for the tech-
nical assessment of EVAR and F-BEVAR, such as comple-
tion angiography, cone-beam computed tomography
(CBCT), or intravascular ultrasound.7,9,11 CBCT can provide
valuable information regarding the conformation of the
endograft components and identify significant structural
defects such as kink, compression, or disconnection.4,7,8

Contrast-enhanced CBCT can provide additional infor-
mation on patency of the endograft components, target
vessels, and the presence of endoleaks. However, the use
of iodinated contrast agents during CBCT increases the
overall procedural contrast dose and may cause adverse
events, especially in patients with baseline impaired
renal function or allergies. Moreover, compared with
contrast-free CBCT, contrast-enhanced CBCT determines
an additional radiation exposure.
Carbon dioxide (CO2) had emerged as a contrast dye

alternative. Being physiologically present within the hu-
man body, it appears to be safer than iodinated dye,
with no reported risk of allergic reaction and lack of
nephrotoxicity.12,13 The use of CO2 for conventional angi-
ography14 has been broadly investigated; however, its
role in CBCT imaging is unknown. The aim of this report
is to describe the feasibility, safety, and image quality of
CO2-enhanced CBCT for the technical assessment of
standard and complex endovascular aortic repair.

TECHNIQUE
We started using CO2-CBCT in selected patients at risk

for contrast-induced nephrotoxicity, but the technique
can be applied to virtually all patients. Patients’ consent
was obtained. Main contraindications to intravascular
CO2 administration are severe chronic obstructive pul-
monary disease, pulmonary hypertension, and right to
left cardiopulmonary shunt. Also, CO2 should not be
injected in the thoracic aorta, to avoid the risk of cerebral
air embolism.
The endovascular aortic procedure is performed in a

hybrid operating room equipped with a ArtisPheno
angiographer (Siemens) under general anesthesia. Intra-
operative angiographies are usually performed using an
Angiodroid CO2 injector (Angiodroid Spa). After
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completion of the endovascular procedure in a standard
way, a 6 Fr 55-cm long sheath is advanced from a femoral
access and positioned at the desired level. The tip of the
sheath should be placed slightly (2-3 cm) above the ma-
jor region of interest: above the celiac trunk for the visu-
alization of the visceral-renal arteries (Fig 1), above the
renal arteries for the visualization of renal arteries and
infrarenal aorta (Fig 2), or in the infrarenal abdominal
aorta for the visualization of the distal aorta and iliac
axis (Fig 3). The angiographer is then set up for the acqui-
sition of a contrast-free CBCT (using Siemens Pheno
“4sDR Surgery P” protocol). The CO2 injector is flushed
and armed for an injection of 100 ml of CO2 at 700 6
50 mmHg using the preset aortic protocol (Fig 4). There
is virtually no limit to the total CO2 dose during a single
procedure, but a minimum of 2 minutes time is required
between consecutive injections, in order to avoid exces-
sive CO2 accumulation. CBCT acquisition and CO2 injec-
tion are started simultaneously; this allows for the
synchronization of the rotation of the angiographer
with the CO2 injection and diffusion, because both
acquisition and CO2 diffusion are characterized by a
similar time delay from the input signal (approximately
2 seconds). The dose area product for each CO2-
enhanced CBCT is typically around 2000 uGy*m.2

This technique was adopted in nine patients undergo-
ing standard EVAR (n ¼ 5), EVAR with iliac branch device
(n ¼ 1), and FEVAR (n ¼ 3) (Video 1, online only). On CBCT
images, CO2 appears as a dark (black) area filling the
arterial lumen (Fig 5). Summary of CO2-CBCT findings
are reported in Table I. There were no related adverse
events, and image quality was satisfactory in all cases.
No patient received an intraoperative revision based on
CO2-CBCT. No technical defects or endoleaks occurred
after a median 6 months of imaging follow-up by CT
angiography or contrast-enhanced ultrasound.

DISCUSSION
CBCT is commonly used for the technical assessment of

standard and complex EVAR and has been demon-
strated to reduce early complications and secondary in-
terventions4,7,8,15 after aortic endovascular interventions.
Compared with contrast-free CBCT, contrast-enhanced
CBCT provides additional information on patency of the
endograft components and target arteries and presence
of endoleaks. Although CO2 use as angiographic contrast
media is well-established, its use during CBCT has not
been previously described.
In our experience, CO2-CBCT is feasible and safe, with

no reported related adverse events and satisfactory

Fig 1. A, Three-dimensional reconstruction of the preoperative computed tomography angiography (CTA) of a
juxtarenal aortic aneurysm. Note the presence of a celiac-mesenteric trunk. B, Completion angiogram with
carbon dioxide (CO2), after fenestrated endovascular repair (FEVAR). C, Multiplanar reconstruction (MPR)
reconstruction of the CO2-cone-beam computed tomography (CBCT), showing integrity and patency of all the
endograft components. The 6Fr sheath was positioned with the tip at the level of the pararenal aorta (arrow). D,
Axial view of the CO2-CBCT, detailing the celiac-mesenteric trunk. E, Axial view of the CO2-CBCT, detailing the
right renal artery (white arrow). Note the contrast layering on the anterior aspect of the aorta (red arrow). F, Axial
view of the CO2-CBCT, detailing the left renal artery. Note the contrast layering on the anterior aspect of the
aorta. G, Axial view of the CO2-CBCT, detailing the complete sac exclusion without evidence of endoleaks.
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CONCLUSIONS

ü INNEER BRANCH SEMMES TO PROVIDED BETTER RESULTS IN NPA

Ø PRELOADED TECHNOLOGY

Ø PARTIAL DEPLOYMENT

Ø IVUS

Ø CBCT (CO2)

Ø SEPTOTOMY
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