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Abstract: To present the early and mid-term results of fenestrated

endovascular aneurysm repair (FEVAR) using the Zenith fenestrated

device for juxtarenal abdominal aortic aneurysms (JAAAs) at our center

in China.

Design: Retrospective study.

The study included 15 male patients with JAAAs, who underwent

FEVAR using the Zenith fenestrated device at our center between

February 2011 and June 2015.

All custom-made Zenith fenestrated devices were designed according

to computed tomography angiography (CTA) images obtained preopera-

tively. The patients with renal insufficiency underwent duplex ultrasono-

graphy, while the patients with normal renal function underwent 3 CT

data acquisitions including nonenhanced CT, arterial phase, and venous

phase. These examinations and blood examinations were completed at 3,

6, and 12 months after discharge, and annually thereafter.

The mean age of the patients was 73.13� 9.06 years (range, 57–86

years), and the median follow-up period was 30 months (8–52 months).

Small fenestrations were used in 27 renal arteries, scallops were used in 7

superior mesenteric arteries (SMAs) and 2 renal arteries, and large

fenestrations were used in 2 SMAs. Conversion to an open procedure

was not required in any of the patients, and the technical success rate was

100%. The mean length of hospital stay was 11.33� 2.02 days (7–15

days). No patient died within the 1st 30 days after the operation. One

patient had a type Ia endoleak, which disappeared at 6 months after the

operation, 1 patient had a type Ib endoleak, which was detected at 17

months after the operation, and 2 patients had type II endoleaks. One

patient died at 17 months and another patient died at 30 months after the

operation. Therefore, the all-cause mortality rate was 13.33% (2/15). The

target vessel patency rate was 100% without occlusion.

The early and mid-term results of FEVAR using the Zenith fenestrated

device were good, demonstrating that this procedure is effective for the

treatment of JAAAs.
, Jie Liu, Tao Zhang, and Wei Guo

angiography, EVAR = endovascular aneurysm repair, FEVAR =

fenestrated endovascular aneurysm repair, JAAA = juxtarenal

abdominal aortic aneurysm, SMA = superior mesenteric artery.

INTRODUCTION

E ndovascular aneurysm repair (EVAR) is a less invasive
treatment for abdominal aortic aneurysms (AAAs),1,2

especially for patients with severe comorbidities. However,
owing to differences in anatomical morphology, not all AAAs
can be treated with conventional EVAR. Juxtarenal abdominal
aortic aneurysms (JAAAs) are complex AAAs that have a short
proximal aortic neck (proximal seal zone <15 mm). These
aneurysms account for approximately 15% of all AAAs.3

Fenestrated grafts were 1st used as an endoluminal
approach for patients with JAAAs in 1996.4 Over the past 19
years, fenestrated endovascular aneurysm repair (FEVAR) has
been shown to be an effective treatment for JAAAs, with
satisfactory outcomes.5–7 In 2011, the State Food and Drug
Administration of China approved the Zenith fenestrated device
(Cook Medical, Bloomington, IN) for commercial use in China.
The 1st procedure using the Zenith fenestrated device in the
mainland of China was performed at our center in February
2011, and since then, our center has performed 45% of the total
number of procedures involving the use of the Zenith fene-
strated device for JAAAs in the mainland of China.

Although there are reports about FEVAR from other
centers with good short, mid-term outcomes, none reports
presented the usage information of the Zenith fenestration
device in China and the feasibility of this device for Chinese
patients. The aim of the present study was to present the early
and mid-term results of FEVAR using the Zenith fenestrated
device for JAAAs at our center that has performed the maxi-
mum number of these procedures in the mainland of China.

PATIENTS AND METHODS

Study Population
This retrospective study included 15 male patients with

JAAAs who underwent FEVAR using the Zenith fenestrated
device at the General Hospital of People’s Liberation Army,
Beijing, China between February 2011 and June 2015. Patients
with serious cardiovascular diseases, pulmonary comorbidities,
or an American Society of Anesthesiologists score of 3 or more
were considered at high risk for open surgery. In our series, all
patients were at high risk for open surgery. The study was
approved by the ethics committee of Chinese People’s Liber-
ation Army General Hospital and all patients signed informed
consents.

Preoperative Assessment

erwent cardiac ultrasonography, chest
ocardiography to assess cardiopulmonary
ormed by using a 256-slice computed
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tomography scanner (iCT, Philips-Healthcare) with a 1-mm sec-
tion thickness and 0.5-mm intervals. Preoperative computed tom-
ography angiography (CTA) with axial and coronal
reconstructions were performed to evaluate anatomical
morphology and distance from the distal descending thoracic
aorta to the profunda femoral artery. Detailed information on
aneurysm diameter, aneurysm morphology, proximal and distal
lengths, neck diameter, angulations, location, and ostial diameters
of each visceral vessel were obtained, and the information was sent
to the manufacturer of the Zenith fenestrated device.

The morphology of JAAAs for the use of the Zenith
fenestrated device included the following: aneurysm diameter
>50 mm; proximal neck angulation �45.08 relative to the long
axis of the aneurysm; proximal neck diameter 19.0 to 31.0 mm;
proximal neck length 4.0 to 15.0 mm; and access vessel that can
accommodate a 20 Fr (8.0 mm outside diameter) sheath.

Procedure
All procedures were performed in a hybrid operating room

equipped with GE Innova 3100-IQ (GE Healthcare, Waukesha,
WI). A proctor surgeon performed all procedures in this study.
All patients underwent repair under general anesthesia, and
heparin (80–100 U/kg) was administered after puncture of the
bilateral femoral arteries.

The proximal fenestrated component was delivered from
one of the femoral arteries, and it was introduced and oriented
by visualizing radiopaque gold markers to target the fenestra-
tions and/or scallops at the visceral vessels. A valved sheath
(20–22F; Cook Medical) was used in the contralateral femoral
vessel as access for target vessel sheaths and the angiographic
catheter. The proximal component was partially deployed, and
the fenestrations and/or scallops were aligned with the visceral
vessels. Balloon-expandable covered stents (Joestent, Abbott,
Temecula, California) were then deployed into the target
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arteries through the fenestrations, and the proximal component
was completely released (Figure 1). A 10-mm balloon was used
to achieve flaring of the proximal aortic end of the visceral

FIGURE 1. (A) Reconstruction for the right renal artery. (B) Reconstru
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vessel stent in order to ensure adequate seal and prevent migration.
The placement of the distal bifurcated component was similar to
that of the conventional bifurcated Zenith device, and at least 2 of
its sections were overlapped with the proximal component. Finally,
a compliant balloon was used to inflate all joints and sealing zones
before completion angiography (Figure 2).

Completion angiography was performed to detect possible
endoleaks, assess the patency of renal arteries, and check
for aneurysm exclusion. Technical success was defined as the
successful deployment of all stent grafts in the planned positions.

Postoperative Management and Follow-Up
All patients received hydration therapy (1000 mL normal

saline) in the 12 hours before the operation to the 1st 24 hours
after FEVAR, and dual antiplatelet therapy was administered for
the next 6 months (aspirin 100 mg and clopidogrel 75 mg).
Moreover, life-long administration of single antiplatelet therapy
was adopted. Serum creatinine levels were assessed before the
operation, 3 days after the operation, and at discharge.

The patients with renal insufficiency underwent duplex
ultrasonography. The patients with normal renal function under-
went 3 CT data acquisitions including nonenhanced CT, arterial
phase, and venous phase. The 120 to 150 mL iohexol 300
(Omnipaque 300; Sanofi-Winthrop, New York, NY) was admi-
nistered intravenously at a rate of 4 mL/sec by using a power
injector. Arterial phase CT data acquisition was initiated in the
aorta at the level of the celiac artery reached 120 HU. Venous
phase acquisition was initiated 60 seconds after arterial phase.
All patients experienced blood examinations at 3, 6, and 12
months after discharge, and annually thereafter.

Statistical Analysis
Continuous variables are presented as means� standard

deviations (SDs), and categorical variables are presented as

Medicine � Volume 95, Number 10, March 2016
percentages. Time-dependent outcomes were reported with
Kaplan–Meier estimates. All statistical analyses were performed
using SPSS version 20.0 for Windows (IBM, Armonk, NY).

ction for the left renal artery.
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RESULTS

Patient Characteristics
The study included 15 male patients with JAAAs who

underwent FEVAR using the Zenith fenestrated device. The
patient characteristics are presented in Tables 1 and 2. The mean
age of the patients was 73.13� 9.06 years (range, 57–86 years).
The mean aneurysm diameter was 68.07� 11.26 mm (range,
51–85 mm), and the mean angle of the proximal aneurysmal
neck was 338� 18.968 (range, 08–608). The mean length of the
infrarenal aortic neck was 5.6� 2.82 mm (range, 0–9 mm).

FIGURE 2. (A) The Zenith fenestrated device with fenestrations an
the target vessels. (C) Illustration showing deployment of the sten
Device Design
FEVAR was performed for 29 renal arteries (15 left and 14

right) and 9 superior mesenteric arteries (SMAs) (Table 2).

TABLE 1. Patient Characteristics

Patients Age, year Sex (m/f) Aneurysm D

1 76 m
2 77 m
3 86 m
4 85 m
5 81 m
6 68 m
7 71 m
8 66 m
9 59 m
10 77 m
11 82 m
12 79 m
13 66 m
14 57 m
15 67 m
Average 73.13� 9.06 68.07

f¼ female; m¼male.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Small fenestrations were used in 27 renal arteries, scallops were
used in 7 SMAs and 2 renal arteries, and large fenestrations
were used in 2 SMAs. Among the 15 patients, 7 (46.67%) were
treated with a combination of small fenestrations for 2 renal
arteries and a scallop for the SMA, 2 (13.33%) were treated with
a combination of small fenestrations for 2 renal arteries and a
large fenestration for the SMA, 4 (26.67%) were treated with
small fenestrations for 2 renal arteries, 1 (6.67%) was treated
with small fenestrations for 1 renal artery, and 1 (6.67%) was
treated with scallops for 2 renal arteries.

Procedural Results

allops. (B) Illustration showing alignment of the fenestrations with
the target vessel.
The procedure was successfully performed in all patients,
and the technical success rate was 100%. The mean operation
time was 238.33� 55.35 minutes (range, 170–360 minutes),

Proximal Aortic Neck

iameter, mm Length, mm Infrarenal Angle, 8

68 4 45
51 0 0
73 4 60
85 0 30
62 9 0
53 8 15
84 7 45
78 6 30
82 9 30
75 8 15
69 5 45
67 6 60
56 7 45
60 7 45
58 4 30
� 11.26 5.6� 2.82 33� 18.96
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TABLE 2. Preoperative Comorbidity

Comorbidities, n, % Value

CAD 7 (46.67)
HTN 11 (73.33)
COPD 3 (20)
CRI 4 (26.67)
DM 3 (20)
PD 1 (6.67)
PS 2 (13.33)
Arrhythmia 1 (6.67)

CAD¼ coronary artery disease, COPD¼ chronic obstructive pul-
monary disease, CRI¼ chronic renal insufficiency, DM¼ diabetes
mellitus, HTN¼ hypertension, PD¼Parkinson disease, PS¼ previous
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and the median blood loss was 400 mL (range, 100–1000 mL).
The mean fluoroscopy time was 85.67� 27.77 minutes (range,
60–160 minutes), and the mean amount of contrast medium
used was 303.33� 56.27 mL (range, 250–450 mL). The mean
length of hospital stay was 11.33� 2.02 days (range, 7–15
days) (Table 3).

The main body endografts were all custom-made Zenith
fenestrated devices. A total of 29 balloon-expandable covered
stents (Joestent, Abbott) were deployed into 29 visceral arteries
(14 left renal arteries, 13 right renal arteries, and 2 SMAs) to
secure the fenestrations. Stent grafts were successfully deployed
in the planed positions in all cases.

Endoleaks and Secondary Interventions
To the latest follow-up, there were no endoleaks occurring

in all of 4 patients with renal insufficiency. Type I endoleaks

surgery.
occurred in 2 patients. One patient had a type Ia endoleak, which
was detected on complete angiography; however, the patient did
not require secondary intervention as the endoleak disappeared

TABLE 3. Procedural Data for Each Patient

Patient Age RRA LRA SMA Endoleak OT,

1 76 F F S II 2
2 77 F F S II 3
3 86 F F S Ia 2
4 85 F F F � 3
5 81 F F S � 2
6 68 F F S � 2
7 71 F F � � 3
8 66 F F � � 2
9 59 F F S � 1
10 77 F F � � 1
11 82 � F � � 1
12 79 S S � Ib 1
13 66 F F S � 1
14 57 F F � � 2
15 67 F F F � 2

F¼ fenestration, F/U¼ follow-up, FT¼fluoroscopy time, LRA¼ left re
SMA¼ superior mesenteric artery.
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at 6 months after the operation. The other patient had a type Ib
endoleak that was detected during the arterial phase of enhance-
ment and caused a right common iliac aneurysm (CIA), which
was detected on CTA at 17 months after the operation. The
condition was resolved with internal iliac artery (IIA) emboli-
zation and insertion of 2 overlapped Fluency stents (Bard Inc,
Karlsruhe, Germany) into the gap between the iliac extension
stent graft and the aneurismal wall and 1 Express LD stent
(Boston Scientific, Natick, MA) for extending the iliac exten-
sion stent graft. Type II endoleaks were identified in 2 patients
on complete angiography. Latest CTA showed these 2 type II
endoleaks still existed both during the venous phase of enhance-
ment. However, the aneurysms in these patients increased by
less than 5 mm; therefore, both patients received conservative
therapy with regular imaging surveillance (Table 3). Among the
other 11 patients, the aneurysm diameter reduced in 9 patients
and was stable in 2 patients.

The left CIA ruptured in 1 patient at 30 months after the
operation. In this patient, the left IIA was coiled, and then, 2
overlapped Endurant balloon-expandable stents (Medtronic
Inc., Sunrise, FL) were inserted to extend the iliac extension
stentgraft. Additionally, stenosis of the right iliac extension
stent graft was noted, and it was treated with an Express LD
stent. Among the 15 patients, 2 (13.33%) required secondary
interventions.

Mortality and Morbidity
All 15 patients were followed up. The median follow-up

time was 30 months (range, 8–52 months). The 30-day post-
operative mortality rate was 0%, and the all-cause mortality rate
was 13.33% (2/15). One patient died from hemispheric stroke at
30 months after the operation. The other patient died from a
condition that was unrelated to the aorta at 17 months after the
operation, and the patient’s family members were unwilling to
provide more information about the cause of death (Figure 3).

One patient experienced left renal artery dissection at the

Medicine � Volume 95, Number 10, March 2016
distal covered stent intraoperatively and was treated with a
Zilver stent (Cook Medical) combined with a Scuba stent. The
definition of contrast-induced nephropathy (CIN) is an increase

minute FT, minute Contrast, mL F/U Time, month

40 80 280 40
00 110 280 37
40 90 280 17
60 160 300 49
85 120 300 38
40 85 280 52
00 100 300 29
40 70 250 48
80 60 350 8
80 60 300 9
80 60 250 9
80 60 280 30
70 70 250 17
40 75 450 19
40 85 400 35

nal artery, OT¼ operation time, RRA¼ right renal artery, S¼ scallop,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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of 25% or more, or an absolute increase of 0.5 mg/dL or more in
serum creatinine from baseline value, at 48 to 72 hours follow-
ing the exposure to contrast media. According to this definition,
2 patients with renal insufficiency experienced CIN after
FEVAR. In these 2 patients, the postoperative creatinine level
increased, respectively, 50 and 65 mol/L compared with pre-
operative level, and decreased and stabilized at the preoperative
baseline, respectively, at 7 and 10 days after the operation. One
patient each had arrhythmia, heart failure, pneumonia, urinary
infection, and puncture point hematoma. All of these compli-
cations were treated conservatively, and they did not result in
serious consequences.

The target visceral branch patency rate was 100% during
the follow-up period, and no migration or fracture of the devices
was noted (Table 4; Figure 4).

DISCUSSION
With rapid advancements in EVAR globally, a shift from

open repair to EVAR for the treatment of AAAs was seen in
China over the last decade. EVAR has several advantages over
open surgery in the reduction of mortality and morbidity.1,2,8

However, JAAAs with an unsuitable proximal fixation zone
cannot be managed with conventional EVAR owing to high
incidences of proximal endoleak, device migration, and aneur-

FIGURE 3. Kaplan–Meier analysis of freedom from death.
ysm rupture. Initial reports from single centers9,10 and multiple
centers5,7,11 have suggested that FEVAR using the Zenith
fenestrated device is effective for the treatment of JAAAs.

TABLE 4. Follow-Up Data

Variable Value

Morbidities, n, %
Cardiac events 2 (13.33)
Urinary infection 1 (6.67)
Pneumonia 1 (6.67)
CIN 2 (13.33)
Puncture point hematoma 1 (6.67)

LOS (days), mean�SD 11.33� 2.02 (range, 7–15)
Target vessel patency, % 100%

CIN¼ contrast-induced nephropathy, LOS¼ length of hospital stay,
SD¼ standard deviation.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Our study found that FEVAR using the Zenith fenestrated
device is effective for the treatment of JAAAs in the mainland
of China, with satisfactory outcomes. However, the number of
FEVAR procedures using the Zenith fenestrated device is lower
in China than in developed countries.7,11 In China, the cost of
the Zenith fenestrated device is about US$50,000, and even for
patients with medical insurance, the cost is high at approxi-
mately USD$40,000. Most patients are unable to afford the
Zenith fenestrated device and therefore choose other treatments.
Additionally, the relatively large delivery system is not appro-
priate for female Chinese patients. Therefore, only male patients
were included in the present study. Moreover, presently, there is
no generally accepted definition for JAAAs, and physicians
continue to use conventional devices for the treatment of
patients who might actually benefit from sophisticated devices
in China.

In the present study, the fenestrated stent graft was suc-
cessfully deployed in all patients, and the technical success rate
was 100%. Additionally, the 30-day postoperative mortality
rate was 0%, and the all-cause mortality rate was 13.33%.
Moreover, no death occurred owing to artery rupture. These
results are consistent with those reported from developed
countries.7,11 The relatively strict criteria of patient selection
and the meticulous manufacturing process for the device
(approximately 12 weeks) based on CTA images might have
been responsible for the good results.

The device implantation should be performed by phys-
icians who have a lot of experience, and clear anatomical
criteria are required for the design of these fenestrated devices.
In China, only few large centers can perform FEVAR. In the
present study, 4 of the 15 patients did not have standard
anatomical inclusive criteria for the Zenith device. Two patients
had infrarenal lengths of 4 and 6 mm, and the infrarenal angle
was 608 in both patients. The other 2 patients had infrarenal
angles of 308 and 08, and the infrarenal length was 0 mm in both
patients. Device migration or stent fracture was not noted in any
of these 4 patients. However, 1 patient who had an infrarenal
angle of 608 and infrarenal length of 4 mm experienced a type
Ia endoleak.

The mean volume of contrast medium used was
303.33� 56.27 mL (range, 250–450 mL) which was much
more than infrarenal abdominal aneurysm endovascular repair.
In this study, 2 patients with renal insufficiency underwent CIN
after operation. So how to reduce contrast medium and protect
renal function, especially for patients with renal insufficiency
(RI) is necessary to be noted. Hydration therapy (1000 mL
normal saline in the 12 hours before the operation to the 1st
24 hours after FEVAR) is an effective way to lower the risk of
CIN. Compared with low-osmolality, nonionic iohexol, iso-
osmolality, nonionic iodixanol such as Iodixanol (Visipaque) is
more easily to decrease the incidence of CIN in patients with
RI.12 Proper use of markers in the fenestrated stent graft,
accurately preoperative anatomy landmarker positioning,
longer interval between 2 contrast injections and infrequent
aimless angiography can reduce contrast medium in the pro-
cedure. Intravascular ultrasound (IVUS) could be an alternative
to intraarterial contrast agents (IACA). However, it is imposs-
ible to determine stent alignment and endoleaks accurately for
IVUS, so the combination of IVUS and IACA is a better way to
achieve good result and reduce contrast medium.13 Three-
dimensional (3D) image fusion of a preoperative computed

FEVAR Using the Zenith Fenestrated Device for JAAA
tomography (CT) scan with an intraoperative cone-beam com-
puted tomography (CBCT) image can overlay important ana-
tomical marks on the fluoroscopy screen to facilitate

www.md-journal.com | 5



findings of the present study. Nonetheless, the study showed the

sho
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endovascular orientation, thereby cutting down the requirement
for repeated contrast injections during procedures.14,15 Dijkstra
et al16 accomplished FEVAR with this technique and had
satisfactory outcome. 3D image integrated with IVUS or carbon
dioxide (CO2) digital subtraction angiograms (DSA) could
diminished as much as near 60% of contrast dose in conserva-
tive FEVAR.17,18

In view of an accurate detection of endoleaks with high
sensitivity, CTA is a favorable method for surveillance during
the follow-up period.19,20 Presently, there is no consensus on the
optimal CT image acquisition protocol for examining a patient
after endograft placement.21 The typical protocol includes 3
separate phases: a nonenhanced examination, an arterial phase,
and a venous phase.22 In order to avoid mistaking calcifying
thrombus having high attenuation for a endoleak on the con-
trast-enhanced images, noncontrast CT is essential. Type I and
type III endoleaks can be generally detected during arterial
phase. However, not all type II endoleaks can be visualized
during the arterial phase, and even during the venous phase,
since the contrast will not have had time to propagate through-
out the isolated aneurysm by the time images are acquired,
further, the blood backflow from the branch arteries in isolated
aneurysm are highly variable and often slow,23–25 which makes
type II endoleak hard to detect. Although delayed phase acqui-
sition,26 contrast-enhanced ultrasonography (CEUS),27 and
delayed phase MR imaging with a blood pool agent28 were
proposed to detect low-flow endoleaks, we hold that only under
the circumstance that the aneurysm sac is noted to be getting
larger and no endoleak is seen, these measures could be
performed. In our series, 11 patients without any detected
endoleaks in our CT image acquisition protocol might develop
low-flow endoleaks. In spite of this, on account of no enlarge-
ment of their aneurysm sac, further investigations were not
carried out. Two type type II endoleaks were visualized not
during the arterial phase but during the venous phase.

There is little debate on the prompt treatment of type I and
type III endoleaks that imply inadequate exclusion of the
aneurysm sac. However, in our opinion, whether to treat
type I endoleak promptly depends on the degree of it. This

FIGURE 4. (A, B) Two computed tomography angiography images
migration at 1 year after the operation.
could be judged by comparing the speed and intensity of flow of
the contrast agent into the main body of stent graft and the
aneurysm sac. If these are the same, the endoleak could be

6 | www.md-journal.com
judged to be serious and should be dealt with immediately. If the
speed of flow into the main body of stent graft is significantly
faster than into the aneurysmal sac, and the opacity in the main
body of stent graft is significantly more than in the aneurysmal
sac, the endoleak could be judged to be mild, with a moderate
endoleak falling between the 2 and could be strictly surveilled.
In this study, 1 case of immediate proximal type I endoleaks was
under surveillance without any management and disappeared in
the 6 month CTA. The speculative reason is the formation of
thrombi, which could interrupt the perigraft flow. Another
reason maybe the self-expanding nature of the stentgraft, which
gave rise to gradual neck remodeling.29,30

The present study had some limitations. The study
included a small number of patients and a short follow-up
period. Studies with a larger number of patients and a longer
follow-up period are needed to further confirm the findings of
the present study. A national database should be created in
China, similar to databases in developed countries, to allow
appropriate assessment of FEVAR using the Zenith fenestrated
device for JAAAs. The selection of some patients in our study
was not in accordance with the anatomical criteria for the Zenith
fenestrated device, and this may have influenced the results.
Moreover, this was a retrospective study, and therefore, pro-
spective studies should be performed to further confirm the

wing patency of 2 renal arteries without endoleaks and endograft
early and mid-term results of FEVAR using the Zenith fene-
strated device for JAAAs in China.

CONCLUSION
The early and mid-term results of FEVAR using the Zenith

fenestrated device were good, demonstrating that this procedure
is effective for the treatment of JAAAs. With further improve-

ments in the standard of living and changes in the treatment
preferences of physicians, FEVAR might become widely pop-
ular in China.
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