
 

 

 University of Groningen

Outcome of Fenestrated Endovascular Aneurysm Repair in Octogenarians
Henstra, Leonie; Yazar, Ozan; de Niet, Arne; Tielliu, Ignace F. J.; Schurink, Geert W. H.;
Zeebregts, Clark J.
Published in:
European Journal of Vascular and Endovascular Surgery

DOI:
10.1016/j.ejvs.2019.06.002

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Henstra, L., Yazar, O., de Niet, A., Tielliu, I. F. J., Schurink, G. W. H., & Zeebregts, C. J. (2020). Outcome
of Fenestrated Endovascular Aneurysm Repair in Octogenarians: A Retrospective Multicentre Analysis.
European Journal of Vascular and Endovascular Surgery, 59(1), 24-30.
https://doi.org/10.1016/j.ejvs.2019.06.002

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 12-10-2022

https://doi.org/10.1016/j.ejvs.2019.06.002
https://research.rug.nl/en/publications/4c5438cb-2de3-46c3-a90f-ccfa22498e1d
https://doi.org/10.1016/j.ejvs.2019.06.002


Eur J Vasc Endovasc Surg (2020) 59, 24e30
Outcome of Fenestrated Endovascular Aneurysm Repair in Octogenarians: A
Retrospective Multicentre Analysis
Leonie Henstra a,c, Ozan Yazar b,c, Arne de Niet a, Ignace F.J. Tielliu a, Geert W.H. Schurink b, Clark J. Zeebregts a,*
a Department of Surgery, Division of Vascular Surgery, University Medical Centre Groningen, University of Groningen, Groningen, the Netherlands
b Department of Vascular Surgery, Maastricht University Medical Centre, Maastricht, the Netherlands
c Leo
equally
* Cor

Groning
Netherl
E-ma
1078

Elsevie
https
WHAT THIS PAPER ADDS

The fenestrated endograft for complex abdominal aortic aneurysm appears as a valuable treatment option in the
experience of two tertiary referral centres.
Objective: An ageing population leads to more age related diseases, such as complex abdominal aortic
aneurysms (AAA). Patients with complex AAAs and multiple comorbidities benefit from fenestrated
endovascular aneurysm repair (FEVAR), but for the elderly this benefit is not completely clear.
Methods: Between 2001 and 2016 all patients treated for complex AAA by FEVAR at two tertiary referral centres
were screened for inclusion. Group 1 consisted of patients aged 80 years and older and group 2 of patients
younger than 80 years of age. The groups were compared for peri-operative outcome, as well as patient and
re-intervention free survival, and target vessel patency during follow up.
Results: Group 1 consisted of 42 patients (median age 82 years; interquartile range [IQR] 81e83 years) and group
2 of 230 patients (median age 72 years; IQR 67e77 years). No differences were seen in pre-operative
comorbidities, except for age and renal function. Renal function was 61.4 mL/min/1.73 m2 vs.74.5 mL/min/
1.73 m2 (p < .01). No differences were seen between procedures, except for a slightly longer operation time
in group two. Median follow up was 26 and 32 months, respectively. No difference was seen between the
groups for estimated cumulative overall survival (p ¼ .08) at one, three, and five years, being 95%, 58%, and
42% for group 1, and 88%, 75%, and 61% for group 2, respectively. There was no difference seen between
groups for the estimated cumulative re-intervention free survival (p ¼ .95) at one, three, and five years,
being 84%, 84%, and 84% in group 1, respectively, and 88%, 84%, and 82% in group 2, respectively.
Ultimately, no difference was seen between groups for the estimated cumulative target vessel patency
(p ¼ .56) at one, three, and five years, being 100%, 100%, and 90% for group 1, and 96%, 93% and 92% for
group 2, respectively.
Conclusion: Age itself is not a reason to withhold FEVAR in the elderly, and choice of treatment should be based
on the patient’s comorbidities and preferences.
Keywords: Complex abdominal aortic aneurysm, Fenestrated endovascular aneurysm repair, Octogenarian
Article history: Received 8 December 2018, Accepted 4 June 2019, Available online 11 November 2019
� 2019 European Society for Vascular Surgery. Published by Elsevier B.V. All rights reserved.
INTRODUCTION

Abdominal aortic aneurysm (AAA) is an age related and
potentially life threatening disease, due to the risk of
rupture.1,2 The life expectancy of the Western population
has increased and, consequently, more octogenarians will
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need treatment for an AAA.2e5 The elderly are often
considered to be unfit for open surgical AAA repair.6

Endovascular aortic repair (EVAR) has increasingly
replaced open repair for the treatment of an AAA.5,7 EVAR
in octogenarians is associated with less morbidity and
mortality than open repair.8 However, the 30 day mortality
after EVAR is higher than in patients younger than 80 years
and varies from 2.6% to 7.0%.8e10

Fenestrated EVAR (FEVAR) is used to treat complex an-
eurysms, including short neck infrarenal or juxtarenal
AAAs.11 FEVAR is a feasible alternative to open repair, with
a 30 day mortality varying from 2.0% to 5.8%.12,13 With the
introduction of FEVAR elderly patients, who are too frail for
open surgery but who have a complex AAA unsuitable for
EVAR and in whom watchful waiting is not an option, got a
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Table 1. Baseline characteristics of 272 patients undergoing
fenestrated endovascular aneurysm repair (FEVAR), stratified
by age

Octogenarians
(n [ 42)

Non-octogenarians
(n [ 230)

p
value

Mean age � SD
(range) e y

82.3 � 2.5
(80e91)

71.4 � 6.1
(50e79)

<.01

Men 37 (88) 199 (87) .78
ASA � 3 29 (69) 165 (72) .73
Diabetes mellitus 3 (7) 37 (16) .14
Hyperlipidaemia 21 (50) 159 (69) .01
Arterial
hypertension

28 (67) 183 (80) .98

Coronary artery
disease

29 (69) 137 (60) .24

Pulmonary disease 10 (24) 82 (36) .15
Mean renal
function � SD
(range) e mL/min/
1.73 m2 (eGFR)

61.4 � 17.4
(29e96)

74.5 � 22.1
(25e132)

<.01

Data are n (%) unless otherwise stated.
SD ¼ standard deviation; ASA ¼ American Society of
Anaesthesiologists’ score; eGFR ¼ estimated glomerular filtration rate.
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new opportunity to get treatment.14 A recent study by
Locham et al. showed the 30 day mortality rate in octoge-
narians with complex AAA who were treated by either open
repair or FEVAR.15 The octogenarians undergoing open
repair had a higher 30 day mortality rate than patients
treated by FEVAR (8.5% vs. 4.1%).15 A few other studies
with small sample sizes on the outcomes of FEVAR in oc-
togenarians have been published recently.7,16 Their findings
suggest that octogenarians might not benefit from treat-
ment by FEVAR, but the results are ambiguous. Knowledge
of the results of FEVAR in octogenarians remains sparse.
Most studies focus on peri-operative mortality and short
term survival.15,16 Information about other outcomes, such
as re-interventions and survival in the longer term, is
limited. To the authors’ knowledge only the studies by
Hertault et al. and Roy et al. presented data on mid term
results; consequently, more results will enable assessment
of FEVAR in the elderly.7,17

This study aimed to evaluate the results of FEVAR in
octogenarians related to patient survival, complications,
and number of re-interventions, and target vessel patency
in the mid term.
MATERIALS AND METHODS

Study design

This retrospective cohort study included patients with a
short neck infrarenal or pararenal AAA. The patients were
treated primarily or after previous aneurysm repair with
type I endoleak or para-anastomotic aneurysm. One urgent
treatment of a contained ruptured aneurysm after EVAR
was also included as the fenestrated stent graft was already
in the authors’ possession. Patients with thoraco-abdominal
aortic aneurysm were excluded. The custom made fenes-
trated endografts used were the Zenith Fenestrated
endografts (Cook Medical, Bloomington, IN, USA) or the
Fenestrated Anaconda endograft (Terumo Aortic, Inchinnan,
UK). Data were collected from two tertiary referral centres
for patients treated between 2001 and 2016. The study was
approved by the institutional review board (METc-2017-
540). Retrospective patient file research does not fall under
the scope of the Dutch Act on Medical Scientific Research
involving Human Beings. Therefore, informed patient con-
sent was not required and not obtained. Patient related
data were analysed anonymously.
Data collection and definitions

Data collection included demographics and comorbidities,
including cardiovascular and pulmonary disease, renal fail-
ure, dialysis, and diabetes mellitus. Procedural information
included type of fenestrated endograft, number of fenes-
trations, operating time, adjunctive procedures, and (assis-
ted) primary technical success. Patients treated with a
fenestrated endograft including only scallops were
excluded.
Cases were assigned to two groups: patients aged 80
years and older were assigned to group 1 (octogenarian
group), and patients younger than 80 years were assigned
to group 2 (non-octogenarian group). Both groups were
divided into quartiles (�2006, 2007e2009, 2010e2012,
and �2013) to check for change in median age at the time
of surgery.

The primary technical success was defined as the suc-
cessful introduction and deployment of the device and the
absence of surgical conversion or mortality, type I or III
endoleaks, or graft limb obstruction, extending into the first
24 h post-operatively. When successful unplanned endo-
vascular procedures were done within 24 h, they were
defined as assisted primary technical success.1 Endoleaks
were defined as described by Jain et al.18 Post-operative
information about re-intervention and 30 day mortality
was also registered. Follow up information included patient
survival rate, re-intervention free survival rate, and target
vessel patency.
Statistical analysis

Chi square tests were used for differences between groups
with categorical variables. Distribution normality was tested
with the ShapiroeWilk test. Results are presented as
mean � standard deviation (SD) for normally distributed
data, and as median (interquartile range [IQR]) for skewed
data. Differences between groups with continuous variables
were analysed with the Student’s t test (normal distribu-
tion), or with the ManneWhitney U test (skewed distribu-
tion). Differences in continuous data between multiple
groups were tested with the KruskaleWallis test. For paired



Table 2. Aneurysm specific baseline characteristics of 272
patients undergoing fenestrated endovascular aneurysm
repair (FEVAR), stratified by age

Octogenarians
(n [ 42)

Non-octogenarians
(n [ 230)

p
value

Mean aneurysm
diameter � SD
(range) e mm

65.3 � 8.4
(54e89)

63.3 � 8.6
(42e92)

.17

Proximal aneurysm location
Short neck
aneurysm

20 (48) 91 (40) .95

Juxtarenal
aneurysm

22 (52) 126 (55) .77

Suprarenal
aneurysm

0 (0) 13 (6) .12

Type Ia endoleak 3 (7) 12 (5) .62
Para-anastomotic
aneurysm

0 1 (0.4) .67

Data are n (%) unless otherwise stated. SD ¼ standard deviation.
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data, the Wilcoxon signed rank test was used. Kaplane
Meier analysis and log rank test were used for patient
survival, re-intervention free survival, and target vessel
patency. P values < .05 were considered statistically sig-
nificant. SPSS version 24.0 (IBM, Armonk, NY, USA) was used
for analysis.

RESULTS

Characteristics

A total of 272 patients (236 men) were included. Baseline
characteristics are shown in Tables 1 and 2. Group 1 con-
sisted of 42 (15.4%) cases (median age 82 years, range 80e
91 years) and group 2 of 230 (84.6%) cases (median age 72
years, range 50e79 years). The median age in the four time
Table 3. Procedural outcomes of fenestrated endovascular
aneurysm repair (FEVAR) in 272 patients, stratified by age

Octogenarians
(n [ 42)

Non-
octogenarians
(n [ 230)

p
value

Intra-operative
mortality

0 (0) 0 (0) 1.00

Primary technical
success

33 (79) 179 (78) .84

Assisted primary
technical success

38 (90) 214 (93) .56

Endoleak on
completion
angiography

12 (29) 55 (24) .35

Iliac branched device 1 (2) 1 (0.4) .18
Adjunctive procedure 9 (21) 59 (26) .56
Median contrast
volume (IQR) e mL

150
(100e183)

170
(130e210)

.07

Median procedure
time (IQR) e min

171
(145e235)

200
(160e267)

.048

Data are n (%) unless otherwise stated.
IQR ¼ interquartile range.
periods did not change (p ¼ .79 in group 1; p ¼ .98 in group
2), nor was there a difference seen in the relative number of
cases in group 1 vs. group 2 (p¼ .09). Two hundred and fifty
five patients were treated with the Zenith fenestrated graft
(41 in group 1 and 214 in group 2), while 17 patients were
treated with a Fenestrated Anaconda (one in group 1 and
16 in group 2; p ¼ .26). A total of 89 fenestrations (mean
2.1.74) were incorporated in group 1 and 527 fenestrations
(mean 2.3.80) in group 2 (p ¼ .20).
Intra-operative results

On completion angiogram, in group 1, two type Ia (4.8%),
one type Ia/IIIc (2.4%), one type Ic (2.4%), and eight type II
(19.0%) endoleaks were observed. During follow up, the
two type Ia endoleaks resolved spontaneously, the type Ia/
IIIc endoleak needed Amplatzer vascular plug embolisation
of the left renal artery (LRA) and coiling with thrombin in-
jection of the aneurysm sac, and the type Ic endoleak was
treated by relining of the LRA. In group 2, eight type Ia
(3.5%), one type Ib (.4%), one type Ic (.4%), 43 type II
(18.7%), one type IIIa (0.4%), and one type IIIc (0.4%)
endoleaks were recorded (Table 3). All the type I endoleaks
resolved spontaneously during follow up, expect for one
type Ia endoleak. The follow up computed tomography
angiography (CTA) revealed a type IIIc instead of a type Ia
endoleak, which was treated by relining of the target ves-
sels. No significant difference was noted between the two
groups regarding primary technical success or primary
assisted technical success (p ¼ .84 and p ¼ .56,
respectively).
Early outcome

Thirty day morbidity and mortality for the two groups are
presented in Table 4. The 30 day mortality was 2.4% in
Table 4. Early outcomes after fenestrated endovascular
aneuryms repair (FEVAR) in 272 patients, stratified by age

Octogenarians
(n [ 42)

Non-
octogenarians
(n [ 230)

p
value

Mean ICU length of
stay � SD (range) e d

0.2 � 0.6
(0e3)

0.9 � 4.6
(0e62)

.39

Mean lenght of hospital
stay � SD e d

5.8 � 3.4
(1e18)

6.9 � 10.8
(1e120)

.54

Mean postoperative
renal function � SD
(range) e mL/min/1.73
m2 (eGFR)

61.0 � 22.7
(8e117)

72.5 � 26.5
(13e154)

.01

Spinal cord ischaemia 0 (0) 5 (2) .34
Visceral ischaemia 1 (2) 9 (4) .63
Lower limb ischaemia 2 (5) 15 (7) .67
30 day mortality 1 (2) 7 (3) .82

Data are n (%) unless otherwise stated.
SD ¼ standard deviation; eGFR ¼ estimated glomerular filtration rate;
ICU ¼ intensive care unit.
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Figure 1. Cumulative Kaplan Meier estimates of patient survival
after fenestrated endovascular aneurysm repair (FEVAR), strati-
fied by age. Group 1 consists of octogenarians; group 2 consists of
non-octogenarians. SE ¼ standard error.
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group 1. In one patient, a renal artery was presumably
punctured by a guidewire, leading to bleeding and devel-
opment of a haematoma in the left kidney. This patient,
with an already poor cardiac condition, evolved rapidly into
cardiogenic shock and death, without the opportunity for
re-intervention. The 30 day mortality was 3.0% (seven pa-
tients) in group 2. Five patients died of gastrointestinal
ischaemia. Four had a superior mesenteric artery (SMA)
and/or coeliac artery (CA) occlusion. Although laparotomy
was performed, these occlusions led to multi-organ failure
and death at 2, 2, 4, and 11 days, respectively. In the last
patient there was a SMA dissection which, despite open
surgical patch plasty, eventually led to death 23 days post-
operatively. Two patients died of myocardial infarction, both
on post-operative day four.

In group 1, three patients underwent a re-intervention
within 30 days (7.1%). In the first, a post-operative groin
bleed was sutured on the evening of initial surgery. In the
second, there was dissection of the external iliac and
common femoral arteries, and an endarterectomy was
performed, including placement of an iliac stent four days
post-operatively. In the last patient the LRA stent discon-
nected during operation, and could not be bridged. On day
seven coil embolisation of the LRA was performed because
of persistent endoleak.

In group 2, 13 patients needed a re-intervention within
30 days (5.6%). The five patients undergoing laparotomy
were mentioned above. Three patients had an iliac artery
occlusion followed by a bypass (day 0) in one and stent
placement in two (both day 15). In two patients additional
stenting was performed: one on day six to the right renal
artery (RRA) due to stent fracture and another on day 15 to
a LRA, resolving a type III endoleak. In one patient the SMA
stent showed a stenosis and additional percutaneous
transluminal angioplasty was performed on day five. In two
patients a compartment syndrome, with ischaemia of the
lower leg, was noted on the day of operation and a fas-
ciotomy of the lower leg was performed.

In patients with signs of spinal cord ischaemia, a spinal
drain was used to lower spinal pressure. This was only done
in group 2 patients (five cases [2.2%]). One patient was
paraplegic post-operatively due to thalamic ischaemia
possibly combined with spinal ischaemia. After spinal
drainage and rehabilitation a paresis of the left leg per-
sisted. In the other four cases the patient had paresis of
both lower limbs, which disappeared fully after spinal
drainage.

Mid term outcome

Patient survival. Median follow up in group 1 was 26
months (IQR 12e58 months) and in group 2 it was 32 (IQR
9e58 months) (p ¼ .72). In 16 cases follow up after 30 days
was available, of whom eight died (one in group 1 and
seven in group 2), and in eight cases (one in group 1 and
seven in group 2) no follow up was available. In those last
cases the follow up took place at the primary referral
centre.

No difference was seen between groups for estimated
cumulative patient survival (p ¼ .08) at 1, 3, and 5 years,
being 95% � 4%, 58% � 9%, and 42% � 10%, respectively
for group 1, and 88% � 2%, 75% � 3%, and 61% � 4%,
respectively for group 2 (Fig. 1).

In group 1, the causes of death were cardiac failure in
three, respiratory failure in one, a cerebrovascular event in
one, and malignancy in three. In three cases the deaths
were considered aneurysm related. One patient had a type
Ib endoleak and aneurysm growth, but refused further
treatment, subsequently leading to rupture 45 months
post-operatively. A second patient was admitted 17 months
after surgery with a mycotic aneurysm, subsequently
developing abdominal pain and instability during admission.
On suspicion of aneurysm rupture conservative care was
chosen with subsequent death. The cause of death was
unknown in 12 cases.

In group 2, causes of death were cardiac failure in 16,
respiratory failure in three, cerebrovascular events in six,
and malignancy in 12. Another five cases were considered
aneurysm related. In one patient, a laparotomy was per-
formed four months after surgery because of an endograft
infection. At 44 months the SMA occluded in this patient,
resulting in death. In another case occlusion of both renal
arteries led to death 100 months post-operatively. In three
cases there was an infected endograft, of which one
combined with a type Ia endoleak led to rupture and
death five months post-operatively. The two other cases
were managed conservatively, and both died 33 months
post-operatively. The cause of death was unknown in 38
cases.

Complications and re-intervention free survival. After the
30 day post-operative period, 23 patients needed a re-
intervention. Three patients had a re-intervention in group
1. In the first patient a persistent type Ic endoleak was
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treated by an additional LRA stent at 2.4 months. In the
second patient a stent was placed because of a sharp iliac
angle at 11 months, and in the third patient an uncovered
stent was placed for a type IIIa endoleak to push two aortic
endograft components together at 12.1 months.

Twenty patients underwent a re-intervention in group 2.
One patient had an uneventful index procedure and a
normal post-operative CTA. However, 2.9 months later the
patient presented at the emergency room with chest pain
and lower limb ischaemia. CTA detected a type B retrograde
thoraco-abdominal aortic dissection from the left subcla-
vian artery to just above the fenestrated endograft, with
occlusion of the SMA and thrombosis of a popliteal aneu-
rysm. Initially, a stent was placed in the SMA to preserve
patency and a femoropopliteal bypass was performed.
Three weeks later a second intervention was performed
with a carotidesubclavian bypass, stenting of the CA, and
thoracic stent graft. In one, a laparotomy was performed
after four months for endograft infection as mentioned
above, and in another groin re exploration for a groin ab-
scess at eight months. In one patient a severely stenotic LRA
prevented cannulation and stenting, and was therefore left
unstented. A second cannulation attempt was performed at
3.8 months to treat the type IIIc endoleak and the deteri-
oration in renal function. However, the digital subtraction
angiography (DSA) images showed total occlusion of the
artery, after which the attempt was abandoned. With
repeated DSA imaging, the LRA appeared to be occluded.
Only a small niche filled with contrast and there was
insufficient space to occlude the fenestration with an
Amplatzer plug. In the fifth case the CA occluded and
thrombolysis with urokinase was tried at 11 months,
without effect, and no further clinical consequences. In the
sixth case, at 14 months thrombin injection of a false
aneurysm of the femoral artery was performed. A lumbar
artery was coiled for a type II endoleak at 65 months in the
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Figure 2. Cumulative Kaplan Meier estimates of reintervention
free survival after fenestrated endovascular aneurysm repair
(FEVAR), stratified by age. Group 1 consists of octogenarians;
group 2 consists of non-octogenarians. SE ¼ standard error.
seventh case. Re-intervention of the iliac or femoral artery
was performed for occlusion in four cases by stent (2.4
months), thrombectomy (3.5 months), ilio-femoral (4.0
months), and ilio-iliac crossover bypass (5.0 months).
Relining of visceral arteries was performed for a fractured
stent (20 and 29 months), a stenosis or occlusion (7.3, 13.0,
15.0 and 62.0 months), a displaced stent (6.0 months), a
type Ib endoleak (31.6 months), or a type III endoleak (30.0
months).

No difference was seen between the groups for esti-
mated cumulative re-intervention free survival (p ¼ .95) at
1, 3, and 5 years, being 84% � 6%, 84% � 6%, and
84% � 6%, respectively for group 1, and 88% � 2%,
84% � 3%, and 82% � 3%, respectively for group 2 (Fig. 2).

Target vessel patency and renal function. At last follow-up
there had been three one target vessel occlusions (3.4%) in
group one (one in the LRA and two in the RRA), and 29
occlusions (5.4%) in group 2 (two in the CA, 9 in the SMA, 9
in the LRA, and 9 in the RRA [p ¼ .44]). All necessary in-
terventions are mentioned above. The estimated target
vessel patency at 1, 3, and 5 years were 100% � 0%,
100% � 0%, and 90% � 7% in group 1, respectively, and
96% � 1%, 93% � 1%, and 92% � 2% in group 2, respec-
tively (p ¼ .56; Fig. 3).

In group 1 the pre-operative mean estimated glomerular
filtration rate (eGFR; 61.417 mL/min/1.73 m2) remained
stable vs. a post-operative eGFR of 61.023 mL/min/1.73 m2

(p ¼ .47) and the last follow up eGFR (61.124 mL/min/
1.73 m2) (p ¼ .06). In group 2, the mean pre-operative eGFR
changed from 74.5 � 22 mL/min/1.73 m2 to 72.5 � 26 mL/
min/1.73 m2 post-operatively (p ¼ .77), and declined
further to 60 � 20 mL/min/1.73 m2 at the last follow up
(p < .001). There was no statistically significant difference
between the two groups regarding eGFR decline at the last
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follow up (p ¼ .91). No post-operative dialysis dependence
was observed in group 1 but occurred in five patients in
group 2 (p ¼ .34).

Endoleaks. After implantation, 15 endoleaks were noted in
15 patients (35.7%) in group 1 and 52 endoleaks in 50 pa-
tients in group 2 (22.0%) (p ¼ .06).

In group 1, one type Ia/IIIc endoleak, one type Ib, one
type Ic, 10 type II, one type IIIa, and one type IIIb endoleaks
were found. A re-intervention was performed in two cases,
as mentioned above.

In group 2, two type Ia endoleaks, one type Ib, one type Ic,
43 type II, and four type IIIc were found, and one patient had
a type Ib, type II, and type IIIc endoleak. Re-intervention was
performed in six patients. The patient with the three endo-
leaks had relining of an iliac artery for the type Ib endoleak,
coiling of a lumbar artery for the type II endoleak, and the
type IIIc endoleak was treated by watchful waiting. Relining of
one or more visceral arteries was performed for a type III
endoleak in four patients. One patient needed coiling of a
lumbar artery for a type II endoleak due to growing aneurysm
sac. All other endoleaks disappeared spontaneously or were
followed by watchful waiting.
DISCUSSION

This multicentre retrospective cohort study shows no sta-
tistically significant difference in survival and re-
intervention free survival benefit of FEVAR in the treat-
ment of complex AAA in octogenarians and in younger
patients.

Pre-operative patient characteristics were comparable in
both groups. Obviously, pre-operative age was different,
probably also resulting in lower pre-operative renal function
in the octogenarian group. The other similarities might be
the result of a selection of healthier elderly people, which
might result in a selection bias for the octogenarian group.
It could be argued that despite the absence of statistical
significance, a slight difference in aneurysm diameter be-
tween groups was observed (65 mm in group 1 vs. 63 mm
in group 2), and maybe this is the consequence of with-
holding treatment in cases with multiple comorbidities and
a borderline AAA diameter.

The assisted primary technical success in the present
study is similar to earlier work by Hertault et al. and
Timaran et al.7,16 The 30 day mortality in the octogenarian
group, however, is different than found by Hertault et al.
and Timaran et al. In the study by Timaran et al.,16 octo-
genarians with a mean age of 84 years (n ¼ 18) treated by
FEVAR for complex AAA were compared with patients with
a mean age of 71 years (n ¼ 67), and there was a 30 day
survival of 100% in both groups.16 Additionally, there was
no difference between groups for estimated survival at 20
months. The larger study by Hertault et al. included a group
with a mean age of 82 years (n ¼ 33) and a group with a
mean age of 70 years (n ¼ 255).7 They observed a slightly
higher 30 day mortality rate in the elderly group of 9%
vs.1.9% in the younger group after FEVAR.7 These findings
suggest that octogenarians might not benefit from treat-
ment by FEVAR.

The explanation of the discrepancy between those two
studies and the present one is not completely clear, but the
30 day mortality in the current study is comparable to other
studies not differentiating in age, suggesting age is not a
limiting factor for the technical success of FEVAR.12,19,20

In the general population, overall survival is expected to
be lower in octogenarians simply due to age. The estimated
overall survival rate at five years in this study did not differ
statistically from the non-octogenarian group (42% vs. 62%),
but it seems the octogenarian group has lower long term
cumulative survival than the non-octogenarian group and a
reported five year survival of 59.4%.17 Although a difference
can be seen, the lack of statistical significance in this fairly
large cohort suggests the difference is not as clear as that
described by Hertault et al.7

No difference was seen between groups for re-intervention
free survival. Timaran et al. found a re-intervention free sur-
vival of 90% in octogenarians at 20 months, but a 43% rate in
the non-octogenarian group.16 This difference is remarkable
although, due to a small sample size, not statistically signifi-
cant. Comparing this with the estimated re-intervention free
survival and available literature, it seems more plausible that
age does not influence AAA or endograft related re-
intervention rate during follow up.21

Target vessel patency related to age is not well described.
Besides a higher chance of cardiovascular disease with older
age, the elderly tend to have larger AAAs and more angula-
tion. It could be said that this makes them more difficult to
treat and therefore more at risk of stent occlusion than
younger patients.22 However, the present study showed good
estimated target vessel patency rates at five years (Fig. 3).

One interesting issue in this study is the lower post-
operative renal function in the octogenarian group
(Table 3). The pre-operative renal function was lower in the
octogenarian group (Table 1), probably related to older age.
During follow up renal function remained stable in the
octogenarian group, while there was a decline in renal
function in the younger group. It is possible that the small
sample size led to a type II statistical error or a lower pre-
operative renal function made clinicians initiate a more
active treatment of renal function or use more protective
measures. Altered renal function did not lead to dialysis
dependency in this study. A decline in renal function often
happens after FEVAR and age is an independent risk factor
of long term decline in renal function after FEVAR. Special
care should be taken in those with already borderline renal
function.12,23,24

A relatively higher (non-significant) number of endoleaks
was seen in the octogenarian group. As higher age involves
greater peri-operative risk, it is possible that the treatment
of octogenarian patients was done preferably with an
endovascular approach over open surgical repair, despite
more challenging anatomy, consequently leading to a
slightly higher number of type I endoleaks. It seems that
there is no other clear reason why there were more
endoleaks in the octogenarian group.
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CONCLUSIONS AND RELEVANCE

The treatment of patients with a complex abdominal aortic
aneurysm will include more elderly people owing to the
increasing longevity of the population. In the elderly
particularly, survival rates after treatment with fenestrated
endografts will remain part of the discussion, but age itself
is not a reason to refuse treatment. The choice of treatment
should be weighed by all comorbidities and the preference
of the patient.

CONFLICTS OF INTEREST

A. de Niet received an unrestricted research grant from
Terumo Aortic. G.W. Schurink is a Proctor for Cook Medical.
C.J. Zeebregts is a consultant for Terumo Aortic.

FUNDING

None.

REFERENCES

1 Chaikof EL, Blankensteijn JD, Harris PL, White GH, Zarins CK,
Bernhard VM, et al. Reporting standards for endovascular aortic
aneurysm repair. J Vasc Surg 2002;35:1048e60.

2 Henebiens M, Vahl A, Koelemay MJ. Elective surgery of abdom-
inal aortic aneurysms in octogenarians: a systematic review.
J Vasc Surg 2008;47:676e81.

3 Ortman M, Velkoff V, Hogan H. An Aging Nation: the Older Popu-
lation in the United States. 2014. Available at: https://www.census.
gov/prod/2014pubs/p25-1140.pdf. 2014, accessed 27 February
2018.

4 European Health Information Gateway. Life expectancy at age 65.
2018. Available at: https://gateway.euro.who.int/en/indicators/
hfa_55-1050-life-expectancy-at-age-65-years/. 2018, accessed
February 2018.

5 Lange C, Leurs LJ, Buth J, Myhre HO, EUROSTAR collaborators.
Endovascular repair of abdominal aortic aneurysm in octogenar-
ians: an analysis based on EUROSTAR data. J Vasc Surg 2005;42:
624e30.

6 Adams PD, Ritz J, Kather R, Patton P, Jordan J, Mooney R, et al.
The differential effects of surgical harm in elderly populations.
does the adage: “They tolerate the operation, but not the com-
plications” hold true? Am J Surg 2014;208:656e62.

7 Hertault A, Sobocinski J, Kristmundsson T, Maurel B, Dias NV,
Azzaoui R, et al. Results of F-EVAR in octogenarians. Ann Vasc
Surg 2014;28:1396e401.

8 Raval MV, Eskandari MK. Outcomes of elective abdominal aortic
aneurysm repair among the elderly: endovascular versus open
repair. Surgery 2012;151:245e60.

9 Han Y, Zhang S, Zhang J, Ji C, Eckstein HH. Outcomes of endo-
vascular abdominal aortic aneurysm repair in octogenarians:
meta-analysis and systematic review. Eur J Vasc Endovasc Surg
2017;54:454e63.
10 Lagergren E, Chihade D, Zhan H, Perez S, Brewster L, Arya S, et al.
Outcomes and durability of endovascular aneurysm repair in oc-
togenarians. Ann Vasc Surg 2019;54:33e9.

11 Georgiadis GS, van Herwaarden JA, Antoniou GA,
Giannoukas AD, Lazarides MK, Moll FL. Fenestrated stent grafts
for the treatment of complex aortic aneurysm disease: a mature
treatment paradigm. Vasc Med 2016;21:223e38.

12 Cross J, Gurusamy K, Gadhvi V, Simring D, Harris P, Ivancev K,
et al. Fenestrated endovascular aneurysm repair. Br J Surg
2012;99:152e9.

13 de Niet A, Reijnen MM, Tielliu IF, Lardenoije JW, Zeebregts CJ.
Fenestrated endografts for complex abdominal aortic aneurysm
repair. Surg Technol Int 2016;29:220e30.

14 Tinelli G, Crea MA, de Waure C, Di Tanna GL, Becquemin JP,
Sobocinski J, et al. Apropensity-matched comparisonof fenestrated
endovascular aneurysmrepair and open surgical repair of pararenal
and paravisceral aortic aneurysms. J Vasc Surg 2018;68:659e68.

15 Locham S, Faateh M, Dakour-Aridi H, Nejim B, Malas M. Octo-
genarians undergoing open repair have higher mortality
compared with fenestrated endovascular repair of intact abdom-
inal aortic aneurysms involving the visceral vessels. Ann Vasc Surg
2018;51:192e9.

16 Timaran DE, Knowles M, Ali T, Timaran CH. Fenestrated endo-
vascular aneurysm repair among octogenarians at high and stan-
dard risk for open repair. J Vasc Surg 2017;66:354e9.

17 Roy IN, Millen AM, Jones SM, Vallabhaneni SR, Scurr JRH,
McWilliams RG, et al. Long-term follow-up of fenestrated endo-
vascular repair for juxtarenal aortic aneurysm. Br J Surg
2017;104:1020e7.

18 Jain AK, Oderich GS, Tenorio ER, Karkkainen JM, Mendes BC,
Macedo TA, et al. Natural history of target vessel endoleaks after
fenestrated-branched endovascular aortic repair. J Vasc Surg
2018;67:e53e4.

19 Verhoeven EL, Vourliotakis G, Bos WT, Tielliu IF, Zeebregts CJ,
Prins TR, et al. Fenestrated stent grafting for short-necked and
juxtarenal abdominal aortic aneurysm: an 8-year single-centre
experience. Eur J Vasc Endovasc Surg 2010;39:529e36.

20 Semmens JB, Lawrence-Brown MM, Hartley DE, Allen YB,
Green R, Nadkarni S. Outcomes of fenestrated endografts in the
treatment of abdominal aortic aneurysm in western Australia
(1997e2004). J Endovasc Ther 2006;13:320e9.

21 Silveira D, Pitoulias G, Torsello G, Donas KP. Outcomes of total
endovascular treatment of juxtarenal aortic aneurysms in octo-
genarians. J Vasc Surg 2016;63:909e14.

22 Savji N, Rockman CB, Skolnick AH, Guo Y, Adelman MA, Riles T,
et al. Association between advanced age and vascular disease in
different arterial territories: a population database of over 3.6
million subjects. J Am Coll Cardiol 2013;61:1736e43.

23 Aitken SJ, Naganathan V, Blyth FM. Aortic aneurysm trials in
octogenarians: are we really measuring the outcomes that matter?
Vascular 2016;24:435e45.

24 Tran K, Fajardo A, Ullery BW, Goltz C, Lee JT. Renal function
changes after fenestrated endovascular aneurysm repair. J Vasc
Surg 2016;64:273e80.

http://refhub.elsevier.com/S1078-5884(19)30454-X/sref1
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref1
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref1
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref1
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref2
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref2
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref2
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref2
https://www.census.gov/prod/2014pubs/p25-1140.pdf
https://www.census.gov/prod/2014pubs/p25-1140.pdf
https://gateway.euro.who.int/en/indicators/hfa_55-1050-life-expectancy-at-age-65-years/
https://gateway.euro.who.int/en/indicators/hfa_55-1050-life-expectancy-at-age-65-years/
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref5
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref5
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref5
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref5
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref5
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref6
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref6
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref6
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref6
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref6
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref7
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref7
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref7
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref7
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref8
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref8
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref8
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref8
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref9
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref9
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref9
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref9
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref9
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref10
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref10
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref10
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref10
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref11
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref11
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref11
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref11
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref11
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref12
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref12
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref12
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref12
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref13
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref13
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref13
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref13
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref14
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref14
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref14
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref14
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref14
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref15
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref15
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref15
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref15
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref15
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref15
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref16
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref16
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref16
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref16
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref17
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref17
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref17
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref17
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref17
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref18
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref18
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref18
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref18
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref18
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref19
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref19
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref19
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref19
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref19
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref20
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref20
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref20
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref20
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref20
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref20
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref21
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref21
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref21
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref21
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref22
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref22
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref22
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref22
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref22
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref23
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref23
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref23
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref23
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref24
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref24
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref24
http://refhub.elsevier.com/S1078-5884(19)30454-X/sref24

	Outcome of Fenestrated Endovascular Aneurysm Repair in Octogenarians: A Retrospective Multicentre Analysis
	Introduction
	Materials and methods
	Study design
	Data collection and definitions
	Statistical analysis

	Results
	Characteristics
	Intra-operative results
	Early outcome
	Mid term outcome
	Patient survival
	Complications and re-intervention free survival
	Target vessel patency and renal function
	Endoleaks


	Discussion
	Conclusions and relevance
	Conflicts of interest
	Funding
	References


