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Endovascular Aneurysm Repair in Patients

with Conical Neck Anatomy
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Purpose: Cone shape neck is regarded as non-instruction for use (IFU) in
most commercial stent graft. However, in real practice, liberal application of
endovascular aneurysm repair (EVAR) for outside of 1FU happens. We investigate
non-adherence to conical neck anatomy in terms of early aneurysmal exclusion
results.

Materials and Methods: From January 2010 to December 2013, 105 patients with
abdominal aortic aneurysm (AAA) underwent EVAR in Daegu Catholic University
Medical Center. Among them, 38 patients (36.2%) had AAA with conical neck.
We investigated the clinical characteristics of patients and the details of conical
neck. We also analyzed the clinical results, such as endoleak, migration, procedure
failure, perioperative mortality, and admission duration between conical neck and
non-conical neck.

Results: The maximum diameter of AAA was larger (60.95 mm vs. 52.68 mm,
P=0.016) and the infrarenal neck length was shorter (25.07 mm vs. 38.13 mm,
P=0.000) in conical neck group. During the procedure, type la endoleak occurred
more in conical neck group (23.7% vs. 6.0%, P=0.013) and it could be successfully
solved with additional adjunctive treatments, such as balloon or Palmaz stent.
Although there was no statistical significance, mortality was higher and admission
duration was longer in the conical neck (15.8% vs. 6.0%, 16.62+13.12 days vs.
13.03+13.13 days). Mean follow-up duration was 319.2+366.45 days. Successful
aneurysmal exclusion was achieved.

Conclusion: The presence of conical neck may not be a contraindication for EVAR.
However, conical neck requires careful observation for additional adjunctive
treatments because it increases the risk of type la endoleak.
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INTRODUCTION

repair (OAR) [1]. In order to perform EVAR, suitable aneu-

rysmal neck anatomy, such as length, angle and shape is

Endovascular aneurysm repair (EVAR) has been high-
lighted as the current standard procedure for the treatment
of abdominal aortic aneurysm (AAA), because the early
mortality and morbidity were lower than open aneurysm
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needed. Specific anatomic requirements of the proximal
aneurysm neck have been defined by aortic stent graft
manufacturers as instructions for use (IFU). Many reports
demonstrated difficulties performing EVAR in patients with
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non-1FU neck anatomy. EVAR with non-1FU has been relat-
ed with increased technical failure [2], type la endoleak [3,4]
and secondary intervention [2,5]. As one of the hostile neck
anatomy, conical neck is difficult to be sealed by the stent
graft from aneurysmal sac and it is considered as a con-
traindication to EVAR in some reports [6-9]. Conical neck
increased the risk of postprocedural complications such
as proximal endoleak and stent graft migration [6,7,9,10].
Conical neck is variously defined for each articles (Table 1)
[6,7,10-13]. Because most articles defined conical neck only
by simple shape and diameter without considering the neck
length, it were insufficient in view of the impact on the
neck fixation in the EVAR. In this study, we classify neck
anatomy according to the definition by Albertini et al. [11]
considering the length and diameter of the AAA neck and
evaluate the complications and mortality after EVAR.

MATERIALS AND METHODS
1) Study population

A retrospective data were collected for patients who
underwent EVAR from January 2010 to December 2013

Table 1. The definitions of conical neck

Study
Stanley et al. [6]

Definition

Diameter progressively increases between
the renal arteries and the sac with a
proximal neck contour change >3 mm

Chuter [7] Change in proximal neck diameter of
>5 mm from proximal to distal
Dias et al. [10] Increase in proximal neck diameter >2 mm

for each cm of length

Albertini et al. [11]  'Neck coefficient' calculated using
the following formula (diameter, D):
Arctangent ([D3-D1]/[neck length])x
180/t

If the absolute value of the neck
coefficient was >10, it was defined as
conical or inverted conical; aortic neck
configurations were defined as straight,
conical, inverted conical, hourglass, or
barrel types.

Jordan et al. [12] The percentage increase in aortic neck
diameter between the renal artery and
a specified length distally. Conicity was
defined through four levels: 5, 10, and
15 mm beyond to the renal artery and at

the distal margin of the visual neck.

Farley et al. [13] A greater than 3 mm increase in diameter
within the first 10 mm of the aorta caudal

to the renal artery.

in Daegu Catholic University Medical Center. The collec-
tion and analysis included demographic and outcome data.
Among them, 38 patients had conical neck according to the
definition [11]. We compared conical neck with non-conical
neck in AAA patients who underwent EVAR.

2) Surgical procedure

All patients underwent EVAR of AAA under general
anesthesia or epidural anesthesia in an operating room
equipped with a portable fluoroscopy unit (GE-OEC 9900;
GE Healthcare, Salt Lake City, UT, USA). Bilateral cut-down
of the common or superficial femoral artery was performed
in all cases. We used the Zenith device (Cook Medical,
Bloomington, TN, USA) in most cases. In 10 cases, we used
Endurant aorto uni iliac devices (Medtronic Endovascular,
Santa Rosa, CA, USA) because the diameter of aortic bifur-
cation was less than 17 mm.

1f we noticed the immediate type la endoleak after stent
graft deployment, we priorly repeated balloon dilation of
the proximal seal zone with Coda balloon (Cook Medical).
If type la endoleak persisted, Palmaz balloon expandable
stent (Cordis, Miami Lakes, FL, USA) was performed to seal
the proximal neck of AAA. All Palmaz stents were placed
just below the level of the lowest renal artery, with minimal
to no overlap onto the native aorta.

3) Patient assessment

Three-dimensional computed tomographic angiography
(3D CTA) was examined to plan EVAR and to check the aor-
toiliac anatomy. Measurements were performed on a Ter-
aRecon workstation using Aquarius, iNtuition Ed ver 4.4.6
(TeraRecon Inc., Foster City, CA, USA) reformatting cen-
terline and segmentating CTA data sets. The proximal and
distal neck diameter, infrarenal neck length, infrarenal an-
gulation, and the maximal diameter of AAA were obtained.
Primarily, conical neck was determined by examining at
the visual outward appearance of the neck and then we
measured diameters using reconstructed images perpen-
dicular to the longitudinal axis of the neck, at the level of
the renal arteries (D1) and at the distal end of the neck (D2).
Neck length (L) was measured along the longitudinal axis.
Conical neck was defined according to Albertini et al. [11]
introducing ‘neck coefficient’ to provide an objective and
standardized definition of conical neck. The neck coeffi-
cient was calculated using the formula (Fig. 1). Conical neck
was classified if the absolute value of the neck coefficient
was 10 or more. Follow-up 3D CTA was performed within
the postoperative 1 week and then at 6 months and every
following year to determine the endoleak, fracture, kinking,
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D1

D2

Fig. 1. Calculation of the neck coefficient (a). Conical
neck (ae>10), inverted conical neck (a<-10), straight neck
(-10<a<10). o, arctangent ([D2-D1]/L)x180/x; D1, diameter
at the level of the renal arteries; D2, diameter at the distal
end of the neck; L, neck length.

migration, and patency of the stent graft.

4) Statistical analysis

Statistical analysis was performed using PASW Statistics
ver. 18.0 software (IBM Co., Armonk, NY, USA). Continuous
data are presented as mean and standard deviation. Cat-
egorical data are reported as the counts (percentage). The
chi-square test or Fisher’s exact test was used for compari-
son of qualitative variables and a Student t-test was used
for comparison of continuous variables. P-value<0.05 was
considered to be statistically significant.

RESULTS

Analysis of patient demographics and past medical his-
tory (Table 2) did not differ significantly between the two
groups. Mean age of the patients was 73.97+7.70 years in
conical neck group and 72.70+7.75 years in non-conical
neck group (P=0.419). The percentage of male was 78.9%
in conical neck group and 85.19% in non-conical neck group
(P=0.423). 24 patients (63.2%) in conical neck and 33 pa-
tients (49.3%) in non-conical neck had hypertension as co-
morbidity (P= 0.169).

Patients with conical neck differed significantly from
non-conical neck in the maximum diameter of AAA and
neck length. The maximum diameter of AAA was larger
(60.95 mm vs. 52.68 mm, P=0.016) and the infrarenal neck
length was shorter (25.07 mm vs. 38.13 mm, P=0.000) in
conical neck group. Neck angulation was similar in both
groups (48.25 vs. 46.49, P=0.785) (Table 3).

Investigating the conical neck group in detail (Table 4),
average diameter ratio was 141.92% when diameter ratio
was defined as the ratio of distal neck diameter (D2) divided

https://doi.org/10.5758/vsi.2017.33.2.59

Table 2. Patients' clinical characteristics

Non-conical Conical
Variable neck neck P-value
(n=67) (n=38)
Age (y) 72.70+7.75 73.97+7.70 0.419
Male 57 (85.1) 30 (78.9) 0.423
Hypertension 33 (49.3) 24 (63.2) 0.169
Ischemic heart disease 14 (20.9) 12 (31.6) 0.223
Cerebrovascular accident 11 (16.4) 10 (26.3) 0.223
Diabetes mellitus 10 (14.9) 4(10.5) 0.766
Chronic obstructive 7 (10.4) 5(13.2) 0.675
pulmonary disease
Chronic renal failure 2 (3.0) 3(7.9) 0.350
Smoking 21 (31.3) 16 (42.1) 0.267

Values are presented as mean+standard deviation or number (%).

Table 3. The details of abdominal aortic aneurysm figure

Non-conical Conical
Variable neck neck P-value
(n=67) (n=38)
AAA maximal diameter 52.68+17.64 60.95+14.59 0.016°
(mm)
Neck angulation (°) 46.49+33.01 48.25+29.20 0.785
Neck length (mm) 38.13£17.06  25.07+12.66  0.000°

Values are presented as mean+standard deviation.
AAA, abdominal aortic aneurysm.
*P<0.05 (Student's t-test).

Table 4. The details of conical neck

Hostile condition Conical neck (n=38)

Diameter ratio >160% 7 (18.4)
Neck angulation >60° 12 (31.6)
Neck length <15 mm 7 (18.4)

Values are presented as number (%).
Diameter ratio (%)=distal neck diameter/proximal neck diameter.

by proximal neck diameter (D1) (diameter ratio [%]=D2/
D1x100). In 38 patients with conical neck, 7 patients had
severe conic shape with 160% or more diameter ratio. Se-
vere neck angulation (>60°) and severe shorter neck (<15
mm) were accompanied by conical neck in 12 patients
(31.6%) and 7 patients (18.4%).

The immediate type la endoleak after stent-graft de-
ployment was frequent in the conical neck (23.7% vs. 6.0%,
P=0.013), but it was successfully solved with additional
adjunctive treatments using balloon or Palmaz stent. Al-
though there was no statistical significance, overall mortal-
ity during follow-up was higher (15.8% vs. 6.0%, P=0.163)
and admission duration was longer in the conical neck (16.62
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days vs. 13.03 days, P=0.187). Twelve patients (11.4%) with
ruptured AAA were inlcuded in this study. Among these
patients, 4 patients with conical neck and 2 patients with
non-conical neck expired after EVAR during perioperative
period. No stent graft migration was detected in our series
(Table 5).

According to the analysis of type la endoleak by neck
anatomy (Table 6), conical neck and short neck were the
risk factors of type la endoleak in both univariate and mul-
tivariate analysis.

DISCUSSION

EVAR has substituted OAR as the more common treat-
ment of choice for patients with AAA after the first intro-
duction of EVAR in 1988 [14]. However there are several
limitations to execute EVAR. Since earnest research about
EVAR in the early 1990s, it has been considered that post-
procedural complications (proximal endoleak and stent
graft migration) are related with aortic neck anatomy dif-
ficult to stent graft proximal seal [15]. The term ‘hostile
neck’ with unfavorable aortic neck anatomy was introduced
for the first time in 2003 [16]. In many studies including
meta-analysis and review articles, adverse clinical events
and imaging findings occurred in hostile neck [17-19]. The
incidence of conical neck, one of the hostile neck anatomy
in AAA patients which underwent EVAR had been reported
from 18% to 24% [6,10,11]. The effectiveness and safety
of EVAR has been debatable in AAA patients with coni-
cal neck, because making a reliable seal was difficult to
achieve. Conical neck had the risk of postprocedural com-
plications due to the difficulty of proximal stent graft fixa-
tion and seal in some papers [6,7,9,10]. On the contrary, the
length, angle and size rather than the shape of the neck had
been introduced as risk factors for type la endoleak in other

Table 5. Follow-up results

Non-conical Conical
Variable neck neck P-value
(n=67) (n=38)
Post deploy immediate 4 (6.0) 9 (23.7) 0.013°
type la endoleak
Additive procedure for ~ Palmaz stent:  Palmaz stent:
type la endoleak 2 cases 5 cases
Reballoon: Reballoon:
2 cases 4 cases
Stent graft migration 0 0
Admission duration (d)  13.03+13.13  16.62+13.12 0.187
Overall mortality 4 (6.0) 6 (15.8) 0.163

papers [11,12]. The European Collaborators on Stent Graft
Techniques for Aortic Aneurysm Repair database demon-
strates a significantly increased risk of type la endoleaks
at short-term and medium-term follow-up with short (<15
mm) proximal neck and higher incidences of proximal
neck dilation, type la endoleak, and need for secondary
interventions with severe (>60°) infrarenal aortic neck an-
gulation [5]. In our study, the proportion of conical neck
occupied 36.2% in AAA patients who received EVAR by
the definition of conical neck considering the length of the
neck. Type la endoleak occurred more frequently in conical
neck and short (<15 mm) proximal neck in both univariate
and multivariate analysis. Because endoleak after EVAR is
important to the risk of sac expansion and rupture if left
untreated, secondary intervention is required to prevent
endoleak [20]. AAA patients with conical neck shape had
the larger maximum diameter of AAA (P=0.016), the smaller
length of infrarenal neck (P=0.000) and severe angled neck
(>60°, 31.6%). Such hostile neck anatomies accompanied
with conical neck seem to increase the frequency of type
la endoleak. Precise and delicate planning on morphologic
evaluations of the proximal neck before EVAR is vital to
prevent endoleak.

Oversizing has also made a significant decrease in
proximal endoleak to provide suitable seal in the proxi-
mal landing zone. Stent graft oversizing within the range
of 10% to 20% larger than AAA neck diameter has been
recommended [21-23]. Oversizing by the most distal and
largest aortic neck diameter in a conical neck may happen
to an excessive oversizing for the proximal neck diameter.
Excessive oversizing (>20%) of stent graft may aggravate
this late aortic neck dilation. Late aortic neck dilation was
significantly related to migration [24]. Excessive oversizing
(>309%) with the Zenith AAA Endovascular Graft increased
the risk of device migration and AAA expansion [25]. On
the contrary, Mwipatayi et al. [26] suggested that exces-
sive oversizing (>300) was appropriate and they had no
evidence of type la endoleak and distal migration although
the proximal neck oversizing was significantly larger in
the conical neck (42.9%=+17.5%). We chose the stent graft
size within the range of 10% to 20% greater than the most

Table 6. Analysis of type la endoleak by neck anatomy

. Univariate Multivariate
Variable
(P-value) OR (95% Cl) P-value
Conical neck 0.013? 7.133 (1.419-35.851)  0.017°
Short neck (<15 mm) 0.019°  17.127 (2.389-122.804) 0.005°
Angled neck (>60°) 0.336 2.826 (0.695-11.490) 0.147

Values are presented as number (%) or meansstandard deviation.
’P<0.05 (Student's t-test, chi-square test).

OR, odds ratio; Cl, confidence interval.
*P<0.05 (Chi-square test, logistic regression).
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distal and largest neck diameter. The incidence of endoleak
was higher in the conical neck but it overcame with a sim-
ple adjuvant treatment. Excessive proximal oversizing could
reinforce wall contact and proximal seal by radial forces.
Excessive proximal oversizing does not make the in folding
or wrinkling of graft fabric based on the experiments using
in vitro glass model. The stretching and narrowing of stent
graft unlike the original size in proximal neck may be con-
sidered reasonable.

Our hospital policy has been considering EVAR as a
priority and had many EVAR (105 cases). When the stan-
dard EVAR was not available for the aneurysm structure,
modified EVAR (3 cases) and open repair (23 cases) were
performed. The more stent graft materials, technologies,
intraoperative adjuncts, and surgical experiences devel-
oped, the more outcomes following EVAR in patients with
hostile neck improved. To overcome hostile neck including
conical neck, the flexible and conformable stent grafts with
proximal anchoring pins were suggested [27,28]. Custom-
made fenestrated endograft systems and the chimney graft
technique have been invented to solve anatomic limita-
tions [29,30]. Our data showed higher frequency of type
la endoleak after EVAR with conical neck anatomy and we
overcame endoleak by intraoperative adjuncts, such as bal-
looning and balloon-expendable bare stent.
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