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Abstract

Objective To evaluate feasibility, efficacy and overall

functional success of image fusion guidance during laser-

assisted in situ fenestration of aortic stent graft (LISFAS)

for endovascular repair of complex aortic aneurysm

(complex-EVAR) in a prospective study.

Methods Between September 2016 and July 2018, 20

patients were included and treated with LISFAS for com-

plex-EVAR. Aortic aneurysms were either para-renal

(n = 15) or thoraco-abdominal (n = 5) with 57 mm [first

quartile: 54; third quartile: 68] median aneurysm diameter

in 69 years [68;78] patients. All interventions were per-

formed using the same angiographic system and 3D image

fusion software for overlying pre-intervention CTA on per-

intervention 2D fluoroscopy with cone-beam CT images to

display target vessels ostia.

Results LISFAS for complex-EVAR with image fusion

was performed in all patients, and no endovascular inter-

vention required conversion to an open aortic repair. LIS-

FAS of all target vessels was feasible in 18 patients (90%);

48 fenestrations out of 50 were performed successfully.

Two fenestrations failed for renal arteries in two patients.

Median ischemic times were as follows: 34 min [25;43] for

superior mesenteric artery; 69 min [56;83] for left renal

artery; 73 min [36;102] for right renal artery; and 93 min

[89;96] for the celiac trunk. Median intervention and flu-

oroscopy times, iodinated contrast volume and X-ray

exposure were 180 min [150;180], 74 min [64;87], 80 mL

[59;113] and 338 Gy.cm2 [259;495], respectively. Efficacy

was found in 17 patients (85%) on one-week follow-up

CTA: Two patients had type 1 and 3 endoleaks, respec-

tively, that were successfully embolized. Overall functional

success was 90%. Median hospitalization stay was 9 days

[8, 17]. The 30-day safety analysis was 90% (n = 2 deaths)

owing to an undetermined cause and to bowel ischemia

after low flow in intensive care unit.

Conclusions LISFAS using image fusion was feasible,

efficient and overall functionally successful for complex-

EVAR in this preliminary study.
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BEVAR Branched endovascular repair

C-AAA Complex abdominal aortic aneurysm

CBCT Cone-beam computed tomography

CEVAR Chimney endovascular repair

Complex-EVAR Endovascular repair of complex aortic

aneurysm
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d’Imagerie Médicale, Hôpital Henri-Mondor, 51 avenue du
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CTA Computed tomography angiography

FEVAR Fenestrated endovascular repair

ISFAS In situ fenestration of aortic stent graft

LISFAS Laser-assisted in situ fenestration of

aortic stent graft

Q Quartile

Introduction

Endovascular repair of complex aortic aneurysm (complex-

EVAR), involving renal and/or visceral branches, based on

chimney grafts (CEVAR) or fenestrated/branched

(FEVAR/BEVAR) grafts techniques, is an option for vas-

cular repair [1]. The use of custom-made complex endo-

grafts as fenestrated/branched grafts is limited to patients

with suitable anatomy as well as by production time [1].

For patients unfit for open repair or for conventional

complex-EVAR, new options as in situ fenestration of

aortic stent grafts (ISFASs) have been described.

Various techniques of ISFAS have been reported as

mechanical, such as wires and hollow needles, or physical,

including laser and radiofrequency perforation [2]. At the

abdominal aortic level, iliac and renal fenestrations were

described with mechanical perforation in few cases [3, 4].

A preclinical study showed feasibility of endovascular

laser fenestration of endograft (LISFAS) for renal artery

[5]. Then, LISFAS was described for different endovas-

cular aortic repair purposes such as revascularization of

subclavian artery in thoracic aneurysm and aortic arch

branches in dissection or wall hematoma [6, 7]. LISFAS

may be promising for endovascular repair of complex

abdominal aortic aneurysm (C-AAA), particularly in case

of non-suitable anatomy for conventional endovascular

repair and in symptomatic aneurysm. Le Houerou et al. [8]

described the use of this technique for complex-EVAR in

16 patients. The latter needed a preliminary intervention

for stent placement in target artery to display perforation

site. The drawbacks of this previous separate session for

image guidance purposes are the risk of dissection,

thrombosis or stent misplacement (that could further

jeopardize LISFAS) and the additional cost of time, radi-

ation and devices.

LISFAS with image fusion guidance using pre-inter-

vention computed tomography angiography (CTA) images

represents a new approach for complex-EVAR as described

by Touma et al. [9] in a first case report. Image fusion

guidance has been described to display a 3D road map onto

2D live fluoroscopy and reduce the use of contrast media

and X-ray exposure for complex-EVAR [10, 11]. There-

fore, image fusion may facilitate LISFAS by displaying the

origin of target vessel ostia. The aim of this study was to

investigate feasibility, efficacy and overall functional suc-

cess of LISFAS with image fusion guidance for complex-

EVAR.

Materials and Methods

This study follows the Society of Vascular Surgery

Guidelines on the care of patients with an abdominal aortic

aneurysm [12]. Institutional review board approval was

obtained for this study, and all patients or relatives signed

informed consents.

Study Population

In this single-center prospective study, between September

2016 and July 2018, all patients who benefited of LISFAS

for complex-EVAR were determined by a multidisci-

plinary review board team including anesthesiologists,

angiologists, vascular surgeons, radiologists and interven-

tional radiologists. Inclusion criteria for complex-EVAR

were as follows: (1) C-AAA (para-renal, juxtarenal and

thoraco-abdominal aortic aneurysms); (2) high risk of open

surgical repair as described by the ‘‘Haute Autorité de

Santé’’ (the French counterpart of the Food and Drug

Administration) and reported [13]; (3) non-suitable aortic

neck anatomy for standard endovascular repair: neck

\ 10 mm length or[ 34 mm diameter based on instruc-

tion for use [14, 15]; (4) renal, celiac and mesenteric

arteries with anatomy unsuitable for custom-made FEVAR

or BEVAR or for CEVAR because of target vessel number,

size, location and angles and/or the presence of a previous

endograft; (5) patients unfit for custom-made BEVAR or

FEVAR due to the urgent need for repair in case of pro-

gression on CTA or symptomatic aneurysm; (6) type 1a

endoleak in case of previous abdominal aortic endograft;

(7) aneurysm secondary to type B aortic dissection. Ex-

clusion criteria were as follows: (1) contraindications to

iliac and/or brachial approach due to occlusive disease; (2)

unstable atheromatous arterial lesions with risk of

embolization [16]; and (3) external iliac diameter\ 7 mm

or[ 24 mm.

Pre-intervention Imaging

All patients underwent pre-intervention multi-detector CT

imaging with contrast injection in our institution or else-

where within 3 months prior to the intervention. Pre-in-

tervention CTAs were evaluated on a diagnostic 3D

workstation in order to measure the extent of the aneurysm

and to determine the strategy of endovascular repair (sizing

of the endograft, number of target vessels for stent place-

ment) [17–21]. CTAs were also used to generate road
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mapping guidance (further described). In our institution,

CTAs protocols are described in detail elsewhere [10].

Image Fusion Guidance

All interventions were performed using the same angio-

graphic system (Allura Xper FD20, Philips Healthcare,

Best, The Netherlands) with commercially available soft-

ware, equipped with 3D volumetric image reconstruction,

and image fusion technique (XperCT). All the steps of

image guidance are described in detail elsewhere [10].

Briefly, immediately before intervention, the pre-inter-

vention CTA images were loaded into a dedicated 3D

workstation (XtraVision Release 8, Philips Healthcare) to

be registered with the per-intervention unenhanced cone-

beam computed tomography (CBCT) images. Same inter-

ventional radiologists (AA and BB with, 25 and 8 years of

experience, respectively) who afterward performed the

intervention manually registered the CTA and the CBCT

images in less than 5 min. The whole volume rendering

technique (VRT) of CTA was used to create a 3D road map

overlaid on the 2D fluoroscopy [10].

VRT overlay provided the projection of the target vessel

on its entire length associated with target ostia vessel

landmark represented as a ring (Fig. 1). It was used to

select the optimal C-arm angulation during endovascular

navigation. The generated 3D road map was synchronized

with the C-arm/table positions in order to provide live

update and to match the 2D-fluoroscopy at any C-arm/

table angle, position and magnification. The image fusion

accuracy was assessed at the beginning of each interven-

tion with the control of the correct registration between the

two image sets when the catheter was placed into the left

renal artery.

Intervention

All endograft deployments and stent placements were

performed under general anesthesia. The team performing

the interventions included two vascular surgeons (PD and

MM) and two interventional radiologists (HK, VT).

With image fusion guidance, aortic endograft compo-

nent (Endurant, Medtronic, Dublin, Ireland) was first

deployed. A catheter (Aptus Heli-FX, Medtronic, Dublin,

Ireland) was used to guide the laser probe and maintained

its 90� angle with the endograft wall centered by target

vessel ostia based on image fusion guidance. LISFAS

procedure was a physical retrograde method using a laser

perforation device: 0.9 mm Turbo Elite laser catheter with

CVX300 system (Spectranetics, Colorado Springs, CL).

The fenestration was made with image fusion guidance

within 2 to 3 s by laser energy at wavelength of 810 nm

with 14 to 18 W as used in the Qin et al. study [6]. After

perforation, a 0.014’’ microcatheter (Pilot0.014, Abbott,

Chicago, IL) was used to catheterize the target vessel,

always in the same consecutive steps: celiac trunk, superior

mesenteric artery and renal arteries. A hole enlargement

was done using subsequently a 2.5-mm cutting balloon

(Boston Scientific, Marlborough, MA) and a 4- or 5-mm

semi-compliant angioplasty balloon (Viatrac, Abbott,

Chicago, IL). A 7-Fr 45-cm destination sheath (Destina-

tion, Terumo Europe, Leuven, Belgium) was advanced

over an exchange 0.035’’ guide wire (Safe-T-J Rosen,

Cook, Bloomington, IN) into the target vessels, allowing

the implantation of a covered stent (V12, Atrium Maquet,

Hudson, NH) with 1-cm intra-aortic segment.

Before and after stent deployment, 5 ml of iodinated

contrast injections (visipaque, iodixanol, GE Healthcare,

Cork, Ireland) ensured the correct target vessel catheteri-

zation and stent patency. Aorto-bi-iliac component was

then deployed followed by the iliac components and, when

needed, iliac extensions.

Study Parameters

The main study parameters were feasibility, efficacy and

overall functional success. Feasibility was defined as

endograft and target vessels successful per-intervention

placement and patency at the end of intervention. Efficacy

was defined by endograft patency, aneurysm exclusion,

target vessels patency and the absence of endoleak on the

one-week CTA control. Overall functional success was

defined as successful exclusion of the aneurysm without

type 1 or type 3 endoleak on the CTA control or severe

systemic complication before hospital discharge according

to Society of Vascular Surgery criteria [22].

The secondary parameters analyzed other intra-proce-

dural parameters such as ischemic time of each target

vessel (recorded from the endograft deployment to the end

of the stent placement with patency confirmed with iodi-

nated contrast media injection), total of injected iodinated

contrast agent volume, X-ray exposure (dose–area product

(DAP)), fluoroscopy time and procedure time. Creatinine

levels were recorded at baseline, day 1, day 3 and last

value; and lactate level at day 1. The advent of death or

major complication during hospital stay and one-month

safety data were collected. Moreover, the analysis of the

one-month CTA was reported.

Data Analysis

Kolmogorov–Smirnov test was used to determine whether

the measurements were normally distributed on R (R

Foundation for Statistical Computing, Vienna, Austria).

Since all variables were not normally distributed, distri-

bution of continuous variables was described using median
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and interquartile range (first quartile (Q1)–third quartile

(Q3)) and quantitative variables with sum and percentage.

The changes in creatinine level across time were done

using Kruskal–Wallis rank test. Significant results were

tested with pairwise comparison. P value\ 0.05 was

considered as significant.

Results

Patients and aneurysm characteristics are detailed in

Table 1, per-intervention parameters in Table 2 and post-

intervention follow-up data in Table 3. LISFAS for com-

plex-EVAR with image fusion was performed in all

patients, and no endovascular intervention had to be con-

verted to an open aortic repair. LISFAS of all target vessels

Fig. 1 This is a case of an

in situ laser fenestration for two

target vessels (superior

mesenteric and right renal

arteries); in this case, landmarks

were placed at the ostia places

of the celiac trunk, the superior

mesenteric artery and the right

renal artery. (The left kidney

was atrophic and non

functional.) First, the Aptus

catheter was placed in front of

the superior mesenteric artery

based on image fusion coronal

and sagittal views and the guide

wire was placed into the target

vessel after perforation, here the

superior mesenteric artery (A).
A cutting balloon was placed to

enlarge the hole (B) followed by

a balloon dilatation. A long

sheath was placed into the target

vessel (C) before the stent

placement (D) and deployment

(E). The Aptus catheter was

then placed in front of the right

renal artery on frontal and

sagittal views before perforation

(F)
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was feasible in 18 out of 20 patients (90%). One, two, three

or four target vessels were defined for revascularization in,

respectively, two, seven, ten and one patients. Vessels were

celiac trunk (n = 2), superior mesenteric artery (n = 16),

right renal artery (n = 14) and left renal artery (n = 18).

Two patients had a planned additional open chimney into

the celiac trunk. Forty-eight fenestrations out of 50 were

successfully performed (technical success: 96%). Two

patients had renal artery catheterization failure due to

significant proximal renal artery stenosis.

Five per-intervention immediate complications occur-

red: (1) one patient underwent an immediate renal artery

dissection upon renal stent after stent deployment with

partial polar renal occlusion; (2) one patient underwent a

superior mesenteric artery dissection successfully treated

with two additional stents and; (3) for one patient, Aptus

catheter got twisted leading to delay left renal artery fen-

estration (ischemic time: 102 min) resulting in acute renal

failure; this patient died at day 5 (details below); (4) one

patient had an acute right lower limb ischemia at the end of

the intervention during extubation, requiring urgent

thrombectomy; (5) one patient had a minor type 1b endo-

leak, detected at the final control, which was directly suc-

cessfully treated with embolization.

The image fusion was manually adjusted at the begin-

ning of the intervention in three patients because of up to

3 mm mismatch of the 3D road map. Image fusion guid-

ance for the LISFAS was not impaired with aortic defor-

mation with rigid guide wire because only the endograft

was deployed into the aorta inducing minimal deformation

Table 1 Patients characteristics and aneurysm type

Patients characteristics n (%) or median [Q1;Q3]

Age (years) 69 [68;78]

Sex (men) 15 (75)

Tobacco 10 (50)

Arterial hypertension 16 (80)

Heart failure 2 (10)

Rhythmic cardiomyopathy 1 (5)

Coronary artery disease 7 (35)

Past vascular history 1 (5)

Lower limb obliteration 5 (25)

Stroke 4 (20)

Transient ischemic attack 1 (5)

Diabetes 1 (5)

Renal insufficiency chronic 10 (50)

Cancer 2 (10)

Chronic obstructive pulmonary disease 5 (25)

Obesity 5 (25)

Aneurysm characteristics

Aneurysm diameter (mm) 57 [54;68]

Type of aneurysm

Para-renal 15 (75)

Thoraco-abdominal 5 (25)

Endoleak type 1 5 (25)

Type B dissection 1 (5)

Asymptomatic aneurysm 16 (80)

Rupture 1 (5)

Symptomatic 3 (15)

Table 2 Per-intervention

parameters
Feasibility of LISFAS n (%) or median [Q1;Q3]

Target vessels 50

Celiac trunk 2 (4)

Superior mesenteric artery 16 (32)

Right renal arteries 14 (28)

Left renal arteries 18 (36)

Median target vessel number per patient 3 [2, 3]

Success of target vessels vascularization 48 (96)

Lost arteries 2 (3)

Per-intervention parameters

Time of intervention (min) 180 [150;180]

Time of fluoroscopy (min) 74 [64;87]

Iodinated contrast volume (mL) 80 [59;113]

X-ray exposure (Gy.cm2) 338 [259;495]

Median ischemic time per artery (min)

Superior mesenteric artery 34 [25;43]

Left renal artery 69 [56;83]

Right renal artery 73 [36;102]

Celiac trunk 93 [89;96]

T. Leger et al.: Image Fusion Guidance for In Situ Laser Fenestration of Aortic Stent graft for... 1375

123



for LISFAS. There was no significant change in creatinine

level among patients (p = 0.9) even though one patient

needed dialysis during the hospital day. Lactate levels at

the day after the intervention remained under 2 mmol/L for

all patients except for one patient who had 3 mmol/L.

On the one-week CTA, aneurysms were excluded and

all target vessels were patents in 17 patients (efficacy:

85%). The same patient with the unsuccessful LISFAS for

a renal artery described above had a minor type 3 endoleak,

which was successfully embolized with coils during hos-

pital stay; a second patient had a per-intervention renal

dissection with 80% kidney necrosis; a third patient had

minor type 1 endoleaks (type 1a ? 1b) that were suc-

cessfully embolized with coils during hospital stay.

Overall functional success was found in 18 patients

(90%) because of the advent of two deaths during hospital

stay.

The safety of LISFAS during the 48 first hours was

100% and 90% at one month. Three deaths occurred during

the follow-up. Two patients died during hospital stay at day

5 and day 48 after the intervention and one patient at home

at day 22.

Three major complications occurred in three patients

during hospital stay and one-month follow-up. One patient

underwent an acute ischemia of the left limb favored by an

atheromatous arterial stenosis on day 3 after intervention,

which was treated with a crossover bypass, but his health

condition declined to death at day 5 due to a presumed

mesenteric ischemia related to a low flow. (All stents were

patent on the post-intervention CTA.) One patient died

during hospital stay of multisystem failure secondary to

respiratory failure at day 48. One patient died at home of

cardiac failure at day 22. One patient had a hemoperi-

toneum complication during hospitalization, resolving

spontaneously without intervention.

No paraplegia was encountered in our series during

hospital stay.

During hospital stay, five secondary interventions were

performed: one patient was treated for an acute left lower

limb ischemia (patient already noticed above); one patient,

with the unsuccessful LISFAS for a renal artery described

above, had a type 3 endoleak from the perforations, which

was successfully embolized with coils at day 5; one patient

had an angioplasty for a right external iliac artery dissec-

tion at day 6; one patient had type 1 endoleaks (type

1a ? 1b) successfully treated with coils embolization at

day 7; one patient had a massive type 2 ilio-lumbar

endoleak successfully treated with embolization at day 15.

On the one-month CTA follow-up, no target vessel got

occluded, aneurysms diameters remained stable or dimin-

ished in size and no advent of endoleak was noticed.

During the follow-up, the patient with the type B dis-

section had a thoracic extension endoprosthesis at day 15,

as initially planned, underwent paraplegia, which partially

recovered.

Table 3 Post-intervention

parameters
Follow-up post-intervention n (%) or median [Q1;Q3]

Hospitalization time (days) 9 [8, 17]

Lactate rate at day 1 (mmol/L) 1,3 [1.0;1.8]

Creatinine rate at baseline (lmol/L) 113 [79;134]

Creatinine rate at day 1 (lmol/L) 114 [89;156]

Creatinine rate at day 2–3 (lmol/L) 105 [85;154]

Creatinine rate at 1 month (lmol/L) 97 [75;157]

One-month complication

48 h mortality 0

Hospital stay mortality 2 (10)

30-day mortality 2 (10)

Late mortality 1 (5)

Permanent dialysis 0

Aortic rupture 0

First control CT

Endoleak 5 (25)

Type 1 1 (5)

Type 2 3 (15)

Type 3 1 (5)

One-month follow-up

Endograft migration or component separation 0

Secondary intervention (non-endoleak related) 5 (25)
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Discussion

LISFAS for complex-EVAR with image fusion was per-

formed in all patients, and no endovascular intervention

had to be converted to an open aortic repair. This study

assessed feasibility, efficacy and overall functional success

of LISFAS for complex-EVAR with image fusion, which

were 90%, 85% and 90%, respectively. LISFAS with

image fusion was technically feasible for 96% of target

vessels and provided acceptable results in patients with

challenging need of complex-EVAR. To the authors’ best

knowledge, this is the largest cohort study using this

technique for complex-EVAR, which is more with the use

of image fusion guidance.

The combination of image fusion and LISFAS may help

the operator to reduce ischemic time by a precise 3D vision

of ostia, which needs to be revascularized. The accuracy of

image fusion guidance was demonstrated by Kaladji et al.

[23] who claimed precision up to 2.3 ± 1.1 mm on target

vessel as visceral vessel location leading to the spread of its

use worldwide for complex-EVAR. Feasibility and efficacy

and overall functional success of this technique are

encouraging and could be applied in various cases as

symptomatic or pre-ruptured patient and unfit for conven-

tional complex-EVAR with a personalized in situ complex-

EVAR. While comparing renal and visceral cannulations

using image fusion guidance in FEVAR in the study of

Schwein et al., we reported a higher technical success, 90%

versus 81%, probably due to a facilitated fenestration

creation at the actual place of target vessel ostia, without

any impact of endograft mispositioning [24]. In the same

study, fluoroscopy time was 86 min versus 74 min in our

study [25].

In our study, the contrast media and fluoroscopy times

were comparable to other studies with median results of

80 ml and 74 min versus 57 ml and 61 min as reported by

Manunga et al. using FEVAR and BEVAR for complex-

EVAR without using image fusion guidance versus 100 ml

and 63 min in the Wang et al. study using with similar

successful technique [26, 27].

Target vessel ischemic times are the major concern in

these types of intervention. In surgical thoraco-abdominal

aortic repair, the reported median ischemic times in 171

patients as reported by Kieffer et al. were lower than those

in our study: 30 ± 13 min for superior mesenteric artery;

32 ± 16 min for right kidney; and 47 ± 24 min for left

kidney. In the same study, the reported spinal cord ische-

mia was at 5% and the 30-day mortality was 12% [28].

Even though the revascularization times in our series were

higher, it did not impact global 30-day mortality. This may

be due to the fact that the revascularization times recorded

in the study do not represent the ischemic times because the

target reperfusion and ischemic time started as soon as the

hole enlargement was performed explaining the lack of

clinical incidence.

The challenge remains to obtain steerability of perfo-

ration device for antegrade fenestration. This was made

possible by the use of specific catheter device which

allowed a 90� orientation of the laser catheter with the

endograft wall despite large diameter of the aorta. In our

study, the technique allowed target vessels patency during

the one-month follow-up similar to the study of Youssef

et al. [29].

In our study, the 30-day mortality was 10% (n = 2) and

no hospital stay paraplegia occurred versus 3% mortality

and 1% spinal cord ischemia after a C-AAA treatment with

FEVAR or BEVAR, as reported by Schanzer et al. [1] on

100 patients. In our study, only one death was directly

related to the intervention, while the two others were

associated with the poor general condition of high-risk

patients (respiratory and cardiac failures) [30].

The study limitations are the limited number of patients,

and these preliminary results need to be confirmed with

larger cohort and longer follow-up. The main issue for

LISFAS technique is the structural damage of the stent

graft wall with uncertain long-term concern sealing at the

fenestration level. In vitro benchtop evaluations showed

minimal change in fenestration size after one year of pul-

satile fatigue testing in Dacron Wall [31]. The expanded

polytetrafluoroethylene-covered endografts do not seem

suitable for laser fenestration because of difficulties to

create a laser hole [32].

Long-term surveillance of these endografts after LIS-

FAS is necessary to ensure durability of complex-EVAR.

Indeed, LISFAS uses deliberate fabric deterioration of

commercially available devices: Type 3 endoleak could

develop later. Furthermore, interactions between stent graft

and covered stent could provoke stent collapse or breakage,

and also a type 3 endoleak.

In conclusion, LISFAS using CTA image fusion was

feasible, efficient and overall functionally successful for

complex-EVAR in this preliminary study. These encour-

aging results need to be confirmed with a larger number of

patients and longer follow-up.
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