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Unibody bifurcated endografts have the advantage of reducing the
operative time, avoiding migration and iliac limb dislocation in pa-
tient with abdominal aortic aneurysm (AAA). We report our long-
term experience in patients who underwent endovascular aortic re-
pair (EVAR) due to infrarenal AAA with Endologix AFX® endograft
system. Between January 2013–December 2018, 68 patients with in-
frarenal AAA had EVAR procedure with Endologix AFX® endograft
system. Mean follow-up was 40.4 ± 19.5 months, and all patients
had computed tomography periodically, with colored Doppler ultra-
sonography (CDUS) every six months. Mean age was 68.5± 7.1 years
and, 63 (92.6%) patients were male. Early mortality, renal complica-
tions, stent-graft migration and cardiac complications were not seen
in early post-operative period. There was no early mortality in the
group and no conversion to open repair. In long-term follow-up 12
patients (17.6%) had endoleak (5 with type II, 7 with type III). Over-
all survival estimated by Kaplan-Meier analysis was 94.1% at 1 year,
85.2% at 2 years, 74.1% at 3 years and 54.0% at 5 years. Freedom from
second intervention and conversion was 98.4% at 1 year, 95.3% at 2
years, 93.3% at 3 years and 87.4% at 5 years. Endologix AFX® endo-
graft provides a fast, safe and effective endograft for the early period,
therefore it seems more suitable for elderly and comorbid patients.
This endograft has low reintervention rates however according to our
results, aneurysms larger than 6 cm may have more sideway displace-
ment possibility and by this way type III endoleak. Proper patient se-
lection and sufficient overlap are the key issues. Close monitoring is
mandatory at the follow-up period.
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1. Introduction
Endovascular aneurysm repair (EVAR) has gained wide

acceptance as the preferred method of treating aortic
aneurysms with suitable anatomy. The technique is associ-

ated with lower early mortality, morbidity, faster discharge
and patient turnover by offering small incisionswithminimal
invasive nature [1–4]. The adverse events in the endovascu-
lar procedures may be due to endograft, challenging aortic
anatomy or iatrogenic. Endografts are dynamically in evolu-
tion according to the early and late results of the randomized
studies to reduce the adverse events related to structural im-
pairments.

Unibody bifurcated endografts have the advantage of re-
ducing the operative time and avoiding iliac limb dislocation
in the long term. The Endologix AFX® (Endologix, Inc.,
Irvine, CA, USA) endograft system for endovascular abdom-
inal aortic aneurysm repair is the only graft with anatomi-
cal fixation to the aortic bifurcation in comparison to most
other endografts that use suprarenal neck as the main fixa-
tion point. In short and mid-term outcomes, the Endologix
AFX® endograft had a low-rate of device and procedure-
related complication but there is not yet enough study that
showed long-term results [5].

United States Food and Drug Administration (FDA) ap-
proval was originally granted for Endologix Powerlink sys-
tem in 2004 [6], a modification to this device was introduced
in 2011 as the AFX endograft, which used a lower profile
17F delivery system. A proximal and distal landing zone
length of ≥15 mm, neck diameter between 18–32 mm and
infrarenal angulation to the aneurysm of ≤60 degrees were
the recommended instructions for use [7, 8]. A change in
the original IFU in 2013 recommended a minimum aortic
component overlap of 30 mm to 40 mm which was followed
in 2014 by introduction of the change of expanded polyte-
trafluoroethylene (e-PTFE) material from Strata to Duraply
referring to a highly dense, helical wrap providing longitudi-
nal strength. Finally, the instructors regarding the minimum
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length of overlap were further revised in 2016 as follows:
overlap length equals half the maximum aortic aneurysm di-
ameter plus 20 mm [9].

Endoleaks are defined by persistent blood flow within the
aneurysm sac intraoperatively or following EVAR. During
the follow-up, in a meta-analysis, type II, III or IV endoleak
could be seen in 13.7% of patients [10]. Late type III endoleak
is an uncommon but serious complication caused by fabric
tears, disruptions or junctional separation of the endograft
components.

We report our long-term experience of patients who un-
derwent endovascular infrarenal abdominal aortic aneurysm
electively with Endologix AFX® endograft system.

2. Methods
2.1 Study design

In our Cardiovascular Surgery Department, during Jan-
uary 2013–December 2018, 68 patients with elective in-
frarenal abdominal aortic aneurysm had EVAR procedure
with Endologix AFX® endograft system by the same sur-
gical team. Urgent procedures, ruptured aneurysms and
procedures including hybrid operations, simultaneous coro-
nary bypass or other cardiovascular operationswere excluded
from the study. The study protocol was approved by lo-
cal institutional review board (Turkey Yuksek Ihtisas Hos-
pital, 29620911-929-1303). The study was conducted in ac-
cordance with the principles of Declaration of Helsinki. No
informed consent was obtained because of the retrospective
nature of data collection from hospital records in the study.

The patients were predominantly American Society of
Anesthesiologists (ASA) class II–IV, with a high prevalence
of cardiopulmonary comorbidities. 30 patients (44.1%) were
symptomatic because of the aneurysm, mostly umbilical pain.
All patients had undergone EVARprocedure in electiveman-
ners.
2.2 Operative procedure

Preoperatively each patient had a customized plan upon
multislice contrast enhanced computerized tomography (CT)
for aneurysm anatomy, dimensions, length and endograft
sizes. Graft diameter was determined by oversizing the
graft 10–20% with respect to measured neck diameter and
anatomy. Graft length was chosen to preserve at least one
hypogastric artery. Measurement of the AAA centerline or
greater curvature length is currently preferred, not the tradi-
tional straight-line method, for EVAR planning purposes.

The reporting standards according to the guidelines from
the Society for Vascular Surgery were used as indications
[1]. Almost all procedures were performed with unilateral
femoral artery exposure for main body and percutaneously
for the aortic extension for access. EVARwas performed un-
der general, local, or regional anesthesia in the hybrid room
equipped with “Siemens Artees Zee” fluoroscopy. Access was
carried out through an ipsilateral open exposure and con-
tralateral percutaneous access for all patients. When per-
forming aortic extension, at least 3 cm of overlap was per-

formed in all patients. A completion angiogram was per-
formed to document the status after endograft implantation.
Technical success was defined a successful deployment of the
endograft and completion of the procedure with no type I or
III endoleaks and without the need for a secondary interven-
tion or open repair within the first 24 hours.

2.3 Surveillance
Postoperative surveillance protocol included physical ex-

amination, blood samples and imaging control with abdomi-
nal aortic Doppler and/or multislice contrast CT. In the fol-
low up period, all patients had a CT between the first three
months and after that all patients were evaluated with ab-
dominal aortic Doppler ultrasound every six-month period
and CT annually. For patients with a shrinking aneurysm
sac and/or>3 years of stability, a non contrast enhanced CT
and CDUS was preferred. No patient had CT control be-
fore discharge after the procedure, however, this should be
performed if there was any suspicion at the completion an-
giogram, a hostile anatomy or ongoing symptomatology.

2.4 The technical features of the Endologix AFX® endograft
The Endologix AFX® device consists of a main bifurcated

unibody and a proximal aortic extension, resting on the aor-
tic bifurcation to provide anatomic fixation and the proxi-
mal extension in order to provide sealing at the aortic neck.
Endologix AFX® represents the second generation of the En-
dologix endograft system and uses novel stratawith high den-
sity e-PTFE. This device is commercially available since 2011.
The skeleton of the endograft is made of cobalt-chromium al-
loy in a multilinked self-expanding unibody. The stent is lo-
cated inside the endograft, so the stent is not directly related
to the aneurysm sac, facilitating conformity. However, this
is almost always a technical difficulty for endovascular rein-
terventions. Unique to this device graft material is externally
mounted. It is attached only to the proximal and distal ends
at the proximal aortic extension and allows e-PTFE facilitat-
ing to seal to challenging aortic necks. During the course of
the study, Endologix AFX® bifurcated device was available
in diameters 22, 25 mm and 28 mm; lengths ranging from
40–120 mm for body and 30–55 mm for limbs. The proximal
extension was available in suprarenal manner. The device is
delivered with 17 French introducer system ipsilaterally and
9-French sheath contralaterally. Instructions for use requires
an aortic neck and iliac seal zone length of≥15 mm, neck di-
ameter between 18–32 mm and infrarenal angulation to the
aneurysm of≤60 degrees.
2.5 Statistical analysis

The variables were investigated using visual (histograms,
probability plots) and analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk test) to determine the normality of
their distribution. Normally distributed continuous variables
were expresses as mean ± standard deviation (SD) or me-
dian values with range if not normally distributed. Cate-
gorical variables were expressed as number and percentages.
Aneurysm diameter was compared using theMann-Whitney
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U test. Kaplan-Meier analysis was conducted to demon-
strate freedom from all-cause mortality and freedom from
secondary interventions. A p value of <0.05 was considered
to be statistically significant, and all statistical analyses were
performed using the SPSS for Windows version 15.0 statis-
tical software program (SPSS Inc., Chicago, IL, USA).

3. Results
3.1 Patients and procedural data

Baseline characteristics of patients are listed in Table 1. In
our series, mean age was 68.5 ± 7.1 years and 63 (92.6%)
patients were male. Most seen comorbidities were hyper-
tension (64.7%) and coronary artery disease (CAD) (54.4%).
Mean abdominal aorta diameter was 60.4 ± 8.7 mm. Local
anesthesia was used for 36 (52.9%) patients, spinal anesthesia
for 4 (5.9%) and general anesthesia for 28 (41.2%). Mean in-
tervention duration was 132.4± 25.4 min, total fluoroscopy
durationwas 17.2± 4.1min andmean volume of 66.3± 16.9
mL contrast agent was used (Table 2). Mean radiation expo-
sure was 3.2 ± 0.9 mGy·m2. In two patients, thoracic en-
dovascular aortic aneurysm repair was performed simultane-
ously. 151 components were used for 68 patients (2.2 ± 0.5
components for each patient). Early mortality (30-day or in-
hospital mortality), renal complications, stent migration and
cardiac complications were not seen in early post-operative
period. Among the periprocedural complications, access site
problems were experienced by eight patients resolved with
embolectomy in four andwith graft interposition for the rest.
Mean hospital stay was 3.1± 2.1 days after intervention.

Table 1. Demographics of patients.
Features n (%) or mean± SD

Male gender 63 (92.6)
Age, years 68.5± 7.1
ASA grade

2 25 (36.8)
3 29 (42.6)
4 14 (20.6)

Comorbidities
Diabetes mellitus 15 (22.1)
Hypertension 44 (64.7)
Hyperlipidemia 18 (26.5)
Chronic obstructive pulmonary disease 25 (36.8)
Renal disease 12 (17.6)
Peripheral artery disease 6 (8.8)
Coronary artery disease 37 (54.4)
Heart failure 6 (8.8)
Smoking habit 26 (38.2)
History of cerebrovascular accident 3 (4.4)
Malignancy 9 (13.2)

Aneurysm diameter, mm 60.4± 8.7
Left ventricle ejection fraction, % 52.0± 10.2

SD, Standard deviation.

Table 2. Peri-operative data.
Features n (%) or mean± SD

Endovascular aneurysm repair 68 (100)
Thoracic endovascular aneurysm repair 2 (3)
Iliac extension 13 (19.1)
Anesthesia

Local 36 (52.9)
Spinal 4 (5.9)
General 28 (41.2)

Embolectomy 4 (5.9)
Graft interposition 4 (5.9)
Mean intervention duration, minute 132.4± 25.4
Total fluoroscopy duration, minute 17.2± 4.1
Amount of contrast agent (mL) 66.3± 16.9

SD, Standard deviation.

3.2 Follow-up period
Mean follow-up was 45.5 ± 21.4 months (range 1 to 85

months) and, 12 patients (17.6%) had endoleak (5 with type
II, 7 with type III). Patients with type II endoleaks which
was detected in the completion angiogram had no growth
in aneurysm diameter at follow-up. Additionally, there was
no detected new type II endoleak in the follow-up period.
Three of these type II endoleaks (60.0%) were resolved spon-
taneously at the first year.

Three patients with type III endoleak did not accept any
intervention who were ASA class IV (Fig. 1). These pa-
tients all died because of aneurysm rupture at 12–18 months
after the diagnosis of type III endoleak. One patient re-
ferred to hospital with ruptured aneurysm and died intraop-
eratively. Other twopatients had also symptomatic contained
ruptured aneurysm and firstly endovascular interventionwas
attempted, however both failed and, open surgical repair was
performed and discharged (Fig. 2). One of these patients ex-
perienced fabric tear close to bifurcation after a blunt trauma
[11]. The last patient was discharged after successful en-
dovascular intervention (Fig. 3). All type III endoleaks were
symptomatic and 5 patients were already diagnosed with CT.
The other two patients were referred to our outpatient clinic
and type III endoleak was detected firstly with CDUS and
then confirmed by CT. The mean time interval between the
primary EVAR procedure and type III diagnosis was 24.7 ±
9.8 months (range 12–37 months). Patients with type III en-
doleaks are listed with aortic diameters, aortic size indexes
(ASI) as a summary in Table 3. All patients have an aortic
diameter>60 mm, and ASI>3. 0.1 unit increase in ASI was
found to be a predictor for type III endoleak (OR: 2.37, 95.0%
CI: 1.14–4.90, p = 0.020). On the other hand, the preoper-
ative diameter of aneurysm was significantly higher for the
patients with type III endoleak (67.4 mm vs 59.6 mm; p =
0.010).

There was no early mortality in the group and no con-
version to open repair. Technical success was achieved in all
patients. Overall survival estimated by Kaplan-Meier analy-
sis was 94.1% at 1 year, 85.2% at 2 years, 74.1% at 3 years and
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Fig. 1. Preoperative, 6th and 14thmonthCTAand firstmonth overlap
measurements of a type III endoleak of patient #4 (IFU compatible).
Although there was an adequate overlap at first month scans, the separatio-
nand kinking of the endografts during the follow-up can be seen.

54.0% at 5 years (Fig. 4A). Freedom from second intervention
and conversion was 98.4% at 1 year, 95.3% at 2 years, 93.3%
at 3 years and 87.4% at 5 years (Fig. 4B). On the other hand,
actual mortality was 36.8% at our patient cohort. Aneurysm
relatedmortality occurred in six patients, and the other causes
of death were cardiac problems in 12 patients, malignancies
in six patients and renal failure in one patient.

No graft infection, migration and post-implantation syn-
drome were found during follow-up period.

4. Discussion
EVAR is widely accepted treatment of choice for AAA.

The superiority of EVAR over open surgery was seen es-
pecially in short-term outcomes [1–4]. The use of the En-
dologix AFX® endograft was associated with a low rate of de-
vice and procedure-related complications in this period [12–
15]. The Endologix AFX® endograft system is a single-body
bifurcation graft that is different from other grafts. Anatomic
fixation in native bifurcation has the potential to reduce the
risk of distal migration in long term. This advantage was also
seen in our series. There was no migration.

In contrast to all other endografts, AFX stent frames are
located inside to facilitate the aortic conformability. How-
ever, this endoskeleton can be challenging at reintervention
times, especially for guidewire entrapment or the passage for
the endograft bodies.

The texture is e-PTFE, located outside the skeleton, and
only proximal and distal endings are sutured. Therefore, it
provides flexibility and better adaptation to the irregular aor-
tic neck in the proximal sitting area since the graft material

Fig. 2. The enlargement of the endoskeleton and the demonstrative
main body deployment problem over the guidewire, the endovascu-
lar attempt converted to a successful open repair (patient #1). Struc-
tural deterioration and the separation of endografts can be seen on angio-
graphic views. Endovascular rescue for this patient was unsuccessful and
the extreme deterioration of the endograft is presented on the right side.

canmove freely in an “active seal”manner [16, 17]. This inde-
pendent movement of the graft material from the stent may
be a factor for uncoupling as the columnar strength may di-
minish when fixation is at the aortic bifurcation.

Besides long-term outcomes with abdominal aortic
aneurysm (AAA) treated with unibody bifurcated endograft,
our study demonstrated excellent short-term results, with
no intra-procedural open surgical conversion and no 30-day
mortality encountered. The first finding was related to the
long-term prognosis of treatment of AAAwithminimally in-
vasive procedure. Cumulative survival was 54.0% at 5th year
in this patient cohort. Because of the presence of CAD in
54.4% of our patient population, one can think that all-cause
mortality was high in the long term due to diseases such as
CAD and other vascular system disorders. Increasing malig-
nancy rates with advanced age may also have caused this high
mortality rate. Moreover, patients who are at high risk for
surgery and older patients are now treated with endovascular
intervention; in the long term, death due to non-aneurysm
causes is more common. In Bahia et al. [18] meta-analysis,
they showed no improvement in mortality, with a mean
69.0% rate, of elderly patients over the years. There is long-
term follow-up of different endografts in the literature. In a
recent study, overall survival at 7 years was 50.3% to 61.4%
[19]. Therefore, this high mortality in long-term; it should
be kept inmind that it is more dependent on additional issues
like cardiac morbidity or malignity, not aneurysm related. In
order to avoid extra nephrotoxic agent, we did not perform
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Table 3. Detailed description of patients with type III endoleak.
Patient IFU compatible AA diameter (mm) BSA ASI Outcome

1 Negative 85 1.99 4.26 Survived (OS)
2 Negative 70 1.66 4.22 Death (No intervention)
3 Positive 60 1.66 3.6 Death (No intervention)
4 Positive 82 2.10 3.9 Death (Rupture)
5 Positive 67 1.94 3.5 Survived (Endovascular)
6 Positive 62 2.00 3.1 Death (No intervention)
7 Negative 72 2.00 3.6 Survived (OS)

IFU, Instructions for use; AA, Aortic aneurysm diameter (initial); BSA, Body surface area; ASI, Aortic size index; OS, Open
surgery.

Fig. 3. Successful endovascular reintervention for type III endoleak
(patient #5). The patient was admitted for ruptured aneurysm. The separa-
tion of the endografts and the endoleak between the endografts can be seen.
A bridging tubular endograft was deployed between the previous endograft.

routine coronary angiography (CAG) on patients without
cardiac symptoms. We routinely used transthoracic echocar-
diography and electrocardiogram. In cases where surgical
stress was low and no cross clamp, we did not experience car-
diac morbidities in the early period. In our series with high
cardiac comorbidities, long-term cardiac mortality may have
caused a significant reduction in survival.

As all designs carry their own pros and cons; there seems
a component uncoupling problem, as the main body and aor-
tic extension disconnection, tried to dissolve by the manu-
facturer’s suggestion as to maximize the overlap and some
changes over the material used. Manufacturers’ material ex-
change does not seem to be sufficient for eliminating the type
III endoleak, so proper patient selection, sufficient overlap
are the key issues.

Endoleak type III due to fabric tears or disintegration of
the endograft components has been a concern in EVAR.

From study 701 EVAR patients treated with the Endologix
Powerlink and Endologix AFX® endograft, Skibba et al. [16]
reported type III endoleak in 17 patients (2.4%). Welborn et
al. [13] showed a similar incidence (2.3%) in 108 patients
treated with the AFX endografts. Even though, the 30 mm
and more overlap requirement was always applied in our
clinic, six of the patients in our series had an endoleak type
IIIa and one type IIIb, during long-term follow-up. It was
10.3% and close to 7.3% of Lemmon et al. [5]. Among the
type III endoleak patients, five were already diagnosed with
CT however the other two patients were detected firstly with
CDUS and than confirmed byCT. This correlation leads us to
another study concerning the primary tool for EVAR surveil-
lance [20] where we found high correlation of type I and III
endoleak detection with CDUS and CT.

The treatment of type III endoleak often employs an en-
dovascular approach as first line. In case of failure open late
conversion and repair are mandatory. Meticulous preopera-
tive planning and proper choice of endograft for a sufficient
overlap arevery important.

To avoid type III endoleaks, maximizing component over-
lap or more proper patient selection may be a choice. Proper
patient selection for Endologix AFX® endograft should in-
clude saccular aneurysms, infrarenal AAA with narrow aor-
tic bifurcations and with short infrarenal-bifurcation lengths
where modular endografts have technical disadvantages.
Also older patients with ASA IV status necessitating a faster
procedure may be proper candidates.

It is well established that the dominant forces on modular
EVAR components are directed sideways and that such force
increases along the greater curvature with aortic or endograft
angulation [21, 22]. The resulting sideways displacement of
the endograft is more prevalent in larger aneurysmswith suf-
ficient volume in the aneurysm sac to accommodate this con-
formational change and is associated with an increased inci-
dence of type I and III endoleaks [23]. Long term integrity
of the central overlap zone between the two modular com-
ponents thus depends on appropriate outward radial force
from the proximal extension, the sealing mechanism of the
expanded PTFE endograft covering, adequacy of the overlap
zone between the two aortic components and the degree of
angulation.
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Fig. 4. Kaplan-Meier survival analysis. (A) Cumulative survival of patients. (B) Freedom from secondary interventions (dashed lines show 95.0% confi-
dence intervals).

The probability of type III endoleak was increased two-
fold by 0.1 unit increase at ASI. Moreover, the interpretation
that AAA larger than 60 mm and ASI over 3 had the possi-
bility of type III endoleak may be revealed as the all patients
with type III endoleaks were adjusted to these criteria.

Type II endoleaks were detected in the completion an-
giogram in 5 patients (7.4%). They were all followed up and
three of them (60.0%) disappeared in the first year while the
others were closely followed for the aneurysm sac enlarge-
ment. No aneurysm sac enlargement was seen and therefore
no reintervention was necessitated.

No graft infection and post-implantation syndrome were
seen. There are studies suggesting e-PTFE grafts are associ-
atedwith a lower probability of postoperative fever, however
there is no randomized clinical support [24].

Clinical reports confirm low limb occlusion rates [14, 18].
Stent grafts each have different variations in graft material,
stent material and configuration. These differences are made
for providing the perfect adaptation of graft and iliac artery
anatomy, especially with angulated, calcified or nonuniform
atherosclerotic landing zones. Clinical studies confirm low
limb occlusion rates [9, 14, 18, 25]. Patients treated with
the Endologix Powerlink and Endologix AFX® endografts
during an 8-year period, reported only three (0.4% of all
patients) graft thrombosis that needed reintervention [16].
Limb thrombosis has low prevalence in patients with AFX
endografts. In our long-term follow-up, the patients did not
need to reintervention for limb issues. We only had peripro-
cedural access site problems, resolved with femoral embolec-
tomy and/or graft interposition.

Study limitations are the retrospective design, a single
center experience with a relatively small patient population
that may prevent statistical significance. There was no ran-
domization as only Endologix AFX® endograft for elective
AAAwere chosen. There is no actual comparison with other
endografts.

5. Conclusions
Endologix AFX® endograft does not require contralateral

limb cannulation, therefore it enables a relatively fast proce-
dure. Predisposition of performing with local anesthesia, it is
more suitable for elderly and comorbid patients. This endo-
graft has low reintervention rate even though all mandates
reintervention. According to our results, aneurysms larger
than 6 cm has more sideway displacement possibility and by
this way type III endoleak. Especially in terms of type III en-
doleak, it should be closely monitored at follow-up. Man-
ufacturers material exchange not seems to be sufficient for
eliminating the type III endoleak, so proper patient selection,
sufficient overlap are the key issues.
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