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WHAT THIS PAPER ADDS

Endovascular aneurysm repair (EVAR) has become the predominant modality for the treatment of infrarenal
abdominal aortic aneurysms (AAAs) in The Netherlands. There are concerns regarding the long term durability of
EVAR, lifelong follow up routines, and adherence to these surveillance programmes. This study has highlighted
that discontinued imaging surveillance post EVAR is common in The Netherlands. Moreover, discontinued yearly
follow up in patients with initial post-operative computed tomography angiography without abnormalities is not
associated with poor outcomes (in terms of mortality or secondary interventions), suggesting that less frequent
surveillance may be envisaged. Future prospective studies are indicated to determine in which patient groups
follow up can be safely reduced.
Objective: Lifelong imaging surveillance is recommended following endovascular aneurysm repair (EVAR). This study
aimed to examine the association between adherence to post-operative surveillance and survival and secondary
interventions in patientswith an initial post-operative computed tomography angiogram (CTA)without abnormalities.
Methods: All consecutive patients undergoing EVAR for intact abdominal aortic aneurysm (AAA) in 16 hospitals
between 2007 and 2012 were identified retrospectively, with follow up until December 2018. Patients were
included if the initial post-operative CTA showed no types I e III endoleak, kinking, infection, or limb occlusion.
Discontinued follow up was defined as at least one 16 month period in which no imaging surveillance was
performed. Primary outcomes were aneurysm related mortality and secondary interventions, and secondary
outcome all cause mortality. KaplaneMeier analysis was used to estimate survival, and Cox regression analyses
to identify the association between independent variables and outcome. Sensitivity analyses were performed by
varying the definition of continued yearly follow up. The study protocol was published (bmjopen-2019-033584).
Results: 1 596 patients (552 continued, 1 044 discontinued follow up)were includedwith amedian (interquartile range)
follow up of 89.1 months (52.6). Cumulative aneurysm related, overall, and intervention free survival was 99.4/94.8/
96.1%, 98.5/72.9/85.9%, and 96.3/45.4/71.1% at 1, 5, and 10 years, respectively. American Society of Anesthesiologists
(ASA) classification (ASA IV hazard ratio [HR] 3.810, 95% confidence interval [CI] 1.296 e 11.198), increase in AAA
diameter (HR 3.299, 95% CI 1.408 e 7.729), and continued follow up (HR 3.611, 95% CI 1.780 e 7.323) were
independently associated with aneurysm related mortality. The same variables and age (HR 1.063 per year, 95% CI
1.052 e 1.074) were significantly associated with all cause mortality. No difference in secondary interventions was
observed between patients with continued vs. discontinued follow up (89/552; 16% vs. 136/1044; 13%; p ¼ .091).
Sensitivity analyses showed worse aneurysm related and overall survival in patients with continued follow up.
Conclusion: Discontinued follow up is not associated with poor outcomes. Future prospective studies are
indicated to determine in which patients imaging follow up can be safely reduced.
Keywords: Abdominal aortic aneurysm, Endovascular procedures, Vascular surgical procedures
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INTRODUCTION
 with an AAA who underwent elective EVAR between
In current practice, endovascular aneurysm repair (EVAR) is
the preferred surgical treatment of asymptomatic infrarenal
abdominal aortic aneurysms (AAAs). In The Netherlands, 79%
of elective AAA repairs are performed using EVAR.1,2 EVAR
offers important procedural benefits compared with open
surgical repair (OSR), i.e., lower peri-operative mortality,
fewer complications, and quicker post-operative recovery.3,4

However, there is a difference in durability between EVAR
and OSR. Long term results of previous clinical trials reveal
equal overall survival rates, but significantly more secondary
interventions in patients treated by EVAR.5e7 Due to a
continued risk of endograft related complications and
rupture following EVAR, strict imaging surveillance is
considered mandatory for all patients, and recommended by
current international guidelines8,9 and endograft manufac-
turer’s instructions for use (IFU). However, adherence to
strict yearly follow up protocols is often suboptimal and
inconsistent.10,11 Previous research has not demonstrated
any beneficial effect on survival when comparing patients
with continued and discontinued imaging surveillance;
however, increased secondary intervention rates were
observed in patients with continued follow up.10,12,13

The initial post-operative computed tomography angio-
gram (CTA) guides patient stratification during follow up.
This scan either shows complications, such as endoleaks,
occlusion, or endograft malposition, or the absence thereof.
If the initial CTA shows no abnormalities the risk of a sec-
ondary intervention is low.14e16 Doubts remain as to
whether yearly imaging surveillance is essential for all EVAR
patients, and if patients whose initial post-operative CTA
showed no abnormalities could be considered for less
intensive follow up, as suggested by the European Society
for Vascular Surgery (ESVS) guidelines.8

It is hypothesised that there would be no difference in
aneurysm related mortality between patients with
continued vs. discontinued follow up, and that patients with
continued imaging surveillance undergo more secondary
interventions.
MATERIALS AND METHODS

This multicentre retrospective observational study was
performed in accordance with the STROBE guidelines,17 and
complied with the Declaration of Helsinki. The study was
approved by the local Institutional Review Board
(W18_102#18.130), registered with The Netherlands Trial
Registration (NL6953), and the protocol was published.18 In
accordance with the Dutch Code of Civil Procedure, the opt
out procedure was used; by default patient records were
used for research, unless the patient objected to partici-
pation within four weeks of notification.
Study population

All consecutive patients at 16 academic and teaching hos-
pitals in The Netherlands (one hospital did not participate)
January 2007 and January 2012 were included. This selec-
tion provided a maximum follow up of 6 e 11 years on 1
December 2018. Inclusion criteria were the presence of an
intact infrarenal aortic or aorto-iliac aneurysm treated by
standard EVAR, and a CTA without abnormalities (no type I
e III endoleak, kinking, infection or limb occlusion) per-
formed within 90 days of the initial procedure. Patients with
ruptured or isolated iliac aneurysms or requiring chimney or
fenestrated EVAR were excluded.
Data collection

Data were collected from patient medical records by two
investigators (A.G., S.M.) and entered into an electronic
database built with Castor EDC (ISO 27001 and NEN 7510
certified).19 Baseline characteristics included age, sex,
American Society of Anesthesiologists (ASA) classification
and endograft type. Anatomical characteristics included
pre-operative AAA diameter, neck length, neck angulation,
and iliac artery diameters. Follow up data comprised all
imaging studies (duplex ultrasonography [DUS], CTA, mag-
netic resonance angiography) including the AAA diameter,
abnormal findings, interventions, and death. Also, imaging
studies made for other reasons outside protocol were used.
Data were censored at the date when either the patient
died or when the end of follow up on 1 December 2018 was
reached. Deaths were ascertained by linking the records of
the study population and the National Death Register based
on sex, name, and date of birth.
Surveillance programmes

All participating centres provided their respective surveil-
lance protocol (Table 1). These local surveillance protocols
dated from 2018 and earlier. Follow up protocols varied per
institution, in the first year CTA and DUS were most
frequently used and usually DUS annually thereafter.
Definitions

Continued follow up was defined as undergoing imaging
surveillance at least once every 16 months throughout the
entire follow up period, as most patients were rescheduled
within three to four months if they missed their annual
follow up visit (consensus decision of the study group).
Patients missing at least one follow up visit (imperfect
follow up) were included as discontinued to imaging follow
up. The reasons why patients missed their follow up visit
could not be retrieved from their medical files. Imaging
studies were evaluated by radiologists from participating
centres and not re-analysed for the purpose of this study.
Abnormal radiological findings during follow up were
recorded as follows: type I e IV endoleak, endograft
migration > 10 mm, endograft infection, endograft kinking,
limb occlusion, or sac growth (anteroposterior [AP] diam-
eter).20,21 Patients were distributed over three groups
depending on the reported aneurysm diameter over time:



Table 1. Surveillance programmes after endovascular repair of an intact abdominal aortic aneurysm in participating centres in The
Netherlands

Centre First imaging Yearly thereafter

1 A CT angiogram (CTA) after 4e6 w and clinical visit. No abnormalities: yearly
duplex ultrasound (DUS). Abnormalities: CTA is repeated. Endoleak type I/III:
intervention

DUS

2 Two weeks clinical visit. A CTA, plain film Xray and clinical review at3 mo post-
procedure. CTA at 12 mo. DUS þ plain film Xray at year 2, 3, and 5. CTA at 5 y post
procedure

DUS, 1/5 y CTA

3 6 week CTA. No abnormalities: DUS after 6 mo and thereafter annually. Type I
endoleak: intervention or strict surveillance, type II: normal follow up

DUS, CTA if new endoleak and/or
sac size increase

4 First day after discharge consult via phone. Clinical visit after two weeks. Six weeks
clinical review þ CTA

DUS

5 CTA after 4 w DUS þ ABI þ biplanar plain film
Xray. CTA if new endoleak and/or
sac size increase

6 Clinical visit þ DUS 6e8 w. DUS after 3 mo. DUS þ plain film Xray every 2 y
7 CTA at 6 w, colour flow DUS at 6 mo Colour flow DUS

On indication: CTA
8 CTA at 4 w and 12 mo DUS
9 CTA at 4 w and 12 mo DUS
10 CTA at 4 w and 12 mo DUS, 1/5 y CTA
11 6 w clinical visit þ CTA DUS or CTA every 5 years
12 CTA at 6 w, CTA or DUS þ plain film Xray at 6 mo DUS þ plain film Xray
13 6 w clinical visit þ DUS, DUS at 3 mo DUS
14 CTA at 4 w and 12 mo. No abnormalities: yearly DUS. Abnormalities: CTA at 3 mo,

endoleak I/III: intervention
DUS

15 CTA at 6 w þ biplanar plain film Xray. DUS at 6 mo DUS, CTA if sac size increase
16 Pre-discharge: biplanar plain film Xray. CTA at 6 weeks, CTA at 12 months þ

biplanar plain film Xray
DUS, CTA if new endoleak and/or
sac size increase

Abnormalities first CTA:
� Type I endoleak: intervention
� Type II endoleak: strict follow up protocol
� After 6 mo: biplanar plain film Xray þ CT, if sac size increase >10% / CTA
� After 12 mo: biplanar plain film Xray þ CT
No abnormalities first CTA:
� Minimal follow up
� After 12 mo: biplanar plain film Xray þ CT

CT ¼ computed tomography; CTA ¼ computed tomography angiography; DUS ¼ duplex ultrasonography; ABI ¼ ankle brachial index.
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increased, stable, or decreased. Sac growth and shrinkage
were determined as an increase or decrease of > 5 mm
between two consecutive imaging studies, or if there was >
5 mm growth or shrinkage in comparison with the initial
post-operative AAA diameter. The aneurysm diameter was
recorded as stable if less than 5 mm sac growth or shrinkage
occurred.20 Secondary interventions were defined as pro-
cedures to fix endograft related complications that were
detected on imaging studies.20

Outcomes

The primary outcome parameters of this study were
aneurysm related death and secondary interventions. Sec-
ondary outcomes included all cause mortality, radiological
findings during follow up and aneurysm rupture.
Statistical analysis

The sample size calculation was based on a superiority
design for secondary interventions and non-inferiority for
aneurysm related mortality.18 In patients with a post-
operative CTA without abnormalities and to correct for
10% incomplete or missing data, a total of 1 598 (1 438/
0.9) patients were required to detect a 7% difference for
the outcome secondary interventions, and 1 451 (1 306/
0.9) patients for aneurysm related death with a non-
inferiority limit of 3%.18 The ShapiroeWilk test, Q-Q
plots, and histograms were used to determine whether
continuous data were normally distributed. Continuous
variables were presented as mean and standard deviation
(SD) for normally distributed data, or median and inter-
quartile range (IQR) for non-normally distributed data.
Differences between groups were assessed using Student’s
t test or ManneWhitney U test, as appropriate. Categori-
cal variables were presented as counts and percentages,
differences between groups were analysed using the
Pearson c2 test or Fisher’s exact test. The KaplaneMeier
method was used to estimate survival, and the log rank
test to compare survival estimates between groups. Time
to aneurysm related and all cause mortality was calculated
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between start of follow up and time of death or December
2018. Secondary interventions were censored at the last
contact with the hospital for imaging. To account for
missing data, ten imputed datasets were constructed using
multiple imputation by predictive mean matching and
pooled with Rubin’s rule. Cox regression analyses con-
trolling for ASA classification, age, sex, endograft type,
initial AAA diameter, neck length, angulation, maximum
iliac diameter, and change in AAA diameter were used to
determine the hazard ratio (HR) and 95% confidence in-
terval (CI) of the variables associated with death and
secondary interventions. Continued follow up was inves-
tigated in Cox regression analyses to adjust the effect of
continued imaging surveillance by possible confounders. To
correct for misclassification and because of progressive
insight, sensitivity analyses were performed by varying the
definition of continued follow up. In this first sensitivity
analysis, all patients were reclassified and allocated as
continued with imaging surveillance if they underwent at
least 80% of their required follow up visits. In the second
sensitivity analysis continued follow up rates in the
participating centres were divided into low, medium or
high continued follow up rates to evaluate strategies
instead of patients. With these new variables (continued
follow up 80% and continued follow up participating cen-
tres) Cox regression analyses were repeated. The level for
statistical significance was set at a two sided p < .050. All
statistical analyses were calculated with SPSS software
version 26 and RStudio 3.6.1.

RESULTS

In total, 1 596 patients were included (Supplementary
Figure S1), 552 patients had continued yearly imaging
Table 2. Baseline characteristics in 1 596 patients with continued vs
an intact abdominal aortic aneurysm (AAA)

Variable Missing Contin
up (n

Age e y 0 73.4 �
Male sex 0 495 (8
AAA diameter e cm 2 6.1 �
ASA classification 0

I 6 (1.1)
II 225 (4
III 283 (5
IV 36 (6.5
Unknown 2 (0.4)

Endograft 0
Endurant (Medtronic) 240 (4
Zenith (Cook) 175 (3
Excluder (Gore) 70 (12
Talent (Medtronic) 22 (4.0
Powerlink (Endologix) 2 (0.4)
Anaconda (Vascutek) 4 (0.7)
Other/Unknown 39 (7.0

Neck length e cm 468 3.1 �
Neck angulation e degrees 1 336 48.3 �
Maximum iliac diameter e cm 598 1.9 �

Data are presented as n (%) or mean � standard error of the mean. ASA
surveillance according to the definition, and 1 044 patients
discontinued. The mean (SD) age was 73.5 years (7.8) and
there was preponderance of males (n ¼ 1 425; 89%). Pa-
tient characteristics are presented in Table 2. The amount of
imputed missing data ranged from 0.1% to 37.5%. Neck
angulation was missing from > 50% of the radiology re-
ports, and therefore excluded from further analyses.
Adherence to yearly imaging surveillance varied widely
between participating centres from 15.8% to 54.7%
(Supplementary Table S1). The percentage of follow up
visits declined in later years following primary EVAR
(Supplementary Table S2). The 30 day mortality rate
following primary EVAR was 0.4% (7/1 596).
Primary outcomes

As of 1 December 2018, there were 807 deaths of 1 596
EVAR patients: 320 patients died of non-aneurysm related
causes, 34 patients of aneurysm related causes (20 with
continued and 14 with discontinued follow up), and in 453
patients the cause of death was unknown. The median (IQR)
follow up until death or December 2018 for the entire
cohort was 89.1 months (52.6). The median (IQR) follow up
for patients with continued follow up was 75.4 months
(66.1), while for patients with discontinued follow up it was
92.4 months (41.4), p < .001. Freedom from aneurysm
related death was 96.9% and 92.0% at five and 10 years for
patients with continued follow up, and 99.7% and 98.0% at
five and 10 years for patients with discontinued follow up
(log rank; p < .001, Fig. 1).

There was no difference between the two groups in the
number of patients undergoing secondary interventions
(89/552; 16% vs. 136/1 044; 13%; p ¼ .091). Also, no
. discontinued follow up after endovascular aneurysm repair of

ued follow
[ 552)

Discontinued follow
up (n [ 1 044)

p value

0.314 73.6 � 0.248 .52
9.7) 930 (89.2) .86
0.041 6.0 � 0.030 .39

.91
7 (0.7)

0.9) 424 (40.7)
1.5) 543 (52.1)
) 68 (6.5)

2 (0.2)
.032

3.5) 383 (36.7)
1.7) 381 (36.5)
.7) 115 (11.0)
) 74 (7.1)

6 (0.6)
2 (0.2)

) 83 (7.9)
0.062 3.0 � 0.041 .053
2.95 54.8 � 2.87 .12

0.060 1.9 � 0.041 .46

¼ American Society of Anesthesiologists.
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difference was observed in numbers of acute secondary
interventions (symptomatic presentation) between patients
with continued and discontinued follow up (16/89; 18% vs.
30/136; 22%; p ¼ .48). The median (IQR) time to a sec-
ondary intervention was 56 months (61.7). The most com-
mon indications were type I endoleak and limb occlusion
(Table 3). The median (IQR) follow up for the entire cohort
until last contact with the hospital was 65 months (61.0),
and no difference in follow up duration was observed be-
tween patients with continued or discontinued imaging
follow up (p ¼ .33). Freedom from secondary interventions
was higher in patients with discontinued follow up (Log
rank; p ¼ .003) (Fig. 2). Cumulative intervention free sur-
vival was 96.1%, 85.9%, and 71.1% at one, five, and 10
years, respectively.
Secondary outcomes

Overall survival was higher in patients with discontinued
imaging follow up (log rank; p < .001) (Supplementary
Figure S2). The overall survival rates were 94.8%, 72.9%,
and 45.4% at one, five, and 10 years, respectively. Overall
survival was 80.3% and 49.6% at five and 10 years for pa-
tients with discontinued imaging follow up, and 58.6% and
35.5% at five and 10 years for patients with continued
follow up.

When comparing patients with continued vs. dis-
continued follow up, abnormal radiological findings were
seen more often in the “continued follow up” group (192/
552; 35% vs. 226/1 044; 22%, p < .001) (Table 4). On
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Figure 1. Cumulative KaplaneMeier estimate of
with continued and discontinued imaging surve
(EVAR) of an intact abdominal aortic aneurysm.
imaging many patients had multiple abnormal findings, so
this resulted in 739 abnormal findings during follow up. The
commonest abnormal radiological findings in patients with
continued follow up were sac growth and type II endoleak.

Twenty-nine patients (1.8%) presented with aneurysm
rupture, equally divided between the groups (10/552; 1.8%
vs. 19/1044; 1.8%). The causes of aneurysm rupture were:
type I endoleak in 15 patients (3/15 previously detected on
imaging surveillance), type II endoleak in three patients (2/3
previously detected), one patient with type III endoleak (not
previously detected), two patients with endograft kinking
(not previously detected), and in eight patients no cause or
previously detected abnormalities were recorded. The me-
dian (IQR) time to rupture was 73 months (44.7). The me-
dian diameter (IQR) at the time of rupture was 7.8 cm (1.9).
The majority of ruptures (18/29; 62%) occurred more than
five years after the primary procedure. The cumulative
freedom from AAA rupture was 98.9% and 94.5% at five and
10 years, respectively.
Cox regression analyses

Table 5 gives results of the Cox regression analyses for
both primary outcomes. In multivariable analysis, ASA
classification (ASA IV HR 3.810, 95% CI 1.296 e 11.198),
change in AAA diameter (increase HR 3.299 per cm, 95% CI
1.408 e 7.729, decrease HR 0.256 per cm, 95% CI 0.096 e
0.688) and continued follow up (HR 3.588, 95% CI 1.760-
7.314) were significantly related to aneurysm related
death.
Time after EVAR – mo

48 60 72 84 96 108 120 132

2 0 3 2 0 1 1 0

53 61 109 211 153 128 98 72

3 2 1 0 1 2 0 0

35 39 30 86 73 52 27 11

868 809 724 561 377 236 122 36

345 305 268 209 130 66 25 6

Log rank p < .001

aneurysm related mortality in 1 596 patients
illance after endovascular aneurysm repair



Table 3. Complications and secondary interventions within five years and in total in 552 and 1 044 patients with continued vs.
discontinued follow up following endovascular aneurysm repair of an intact abdominal aortic aneurysm

Radiological finding Interventions in patients
with continued follow up

Interventions in patients
with discontinued follow up

5 years
(n [ 58)

Total
(n [ 89)

5 years
(n [ 104)

Total
(n [ 136)

Endoleak type I 11 18 16 21
Endoleak type I þ sac growth 4 5 6 8
Endoleak type I þ migration 1 2 1 1
Endoleak type I þ kinking 0 1 0 0
Endoleak type II 8 11 14 15
Endoleak type II þ sac growth 3 6 0 4
Endoleak type II þ migration 1 1 0 0
Endoleak type II þ kinking 1 1 0 0
Endoleak type II þ limb occlusion 1 3 1 1
Endoleak type III 0 5 1 5
Endoleak type III þ sac growth 1 1 4 4
Endoleak type IV 0 0 0 1
Endograft migration 1 2 4 4
Endograft kinking 3 6 3 3
Endograft kinking þ sac growth 0 0 2 2
Endograft kinking þ limb occlusion 4 4 4 5
Limb occlusion 14 20 28 36
Endograft infection 2 2 7 7
Sac growth 4 9 10 14
Other 4 5 10 13
No abnormal finding previous imaging 13 18 29 32
Rupture endovascular repair (open repair) 6 8 (1) 2 (3) 17 (9)
Total 82 129 145 202
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continued and discontinued imaging surveillance after endovascular aneurysm repair (EVAR)
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Table 4. Number of abnormal findings during surveillance
imaging linked to adherence to imaging follow up in 552
and 1 044 patients with continued vs. discontinued follow
up following endovascular aneurysm repair of an intact
abdominal aortic aneurysm

Abnormal finding
in imaging

Continued
follow up
(n [ 552)

Discontinued
follow up
(n [ 1 044)

p value

Endoleak type I 40 (7.2) 56 (5.4) .13
Endoleak type II 80 (14.5) 63 (6.0) .001
Endoleak type III 14 (2.5) 17 (1.6) .21
Endoleak type IV 1 (0.2) 2 (0.2) .96
Endograft migration 10 (1.8) 13 (1.2) .37
Endograft kinking 18 (3.3) 20 (1.9) .094
Limb occlusion 27 (3.7) 41 (3.9) .36
Sac growth 88 (15.9) 119 (11.4) .010
Endograft infection 12 (2.2) 9 (0.9) .029
Other abnormalities 52 (9.4) 57 (5.5) .003
Total 342 397

Data are presented as n (%).
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In multivariable analysis pre-operative AAA diameter (HR
1.255 per cm, 95% CI 1.108 e 1.422), maximum iliac
diameter (HR 1.171 per cm, 95% CI 1.018 e 1.347), increase
in AAA diameter (HR 7.335 per cm, 95% CI 4.608 e 11.677),
age (HR 0.962 per year, 95% CI 0.945 e 0.978), endograft
type (Gore Excluder HR 0.558, 95% CI 0.326 e 0.958), and
continued follow up (HR 1.368, 95% CI 1.021-1.831) were
significantly associated with secondary interventions.

In univariable analysis of all cause mortality age, AAA
diameter, ASA classification, endograft type, maximum iliac
diameter, change in AAA diameter, and continued follow up
were statistically significant. In multivariable analysis, age
(HR 1.063 per year, 95% CI 1.052 e 1.074), ASA classifica-
tion (ASA IV HR 1.498, 95% CI 1.136 e 1.975), change in
AAA diameter (increase HR 0.495 per cm, 95% CI 0.385 e
0.637, decrease HR 0.418 per cm, 95% CI 0.357e 0.489),
and continued follow up (HR 1.957, 95% CI 1.688 e 2.268)
were significantly associated with all cause mortality. All
analyses before imputation are displayed in Supplementary
Table S3.

Sensitivity analyses

After applying the alternative definition of continued follow
up in which patients were classified as continued imaging
surveillance if they had 80% of their follow up visits, 1 018
patients had continued follow up and 578 discontinued. In
multivariable analysis, maximum iliac diameter (HR 1.370
per cm, 95% CI 1.030 e 1.821), decrease in AAA diameter
(HR 0.299, 95% CI 0.095 e 0.943), and continued follow up,
80% (HR 4.706, 95% CI 1.371 e 16.152) were significantly
associated with aneurysm related mortality. In multivariable
analysis AAA diameter (HR 1.346 per cm, 95% CI 1.164 e
1.556), maximum iliac diameter (HR 1.316 per cm, 95% CI
1.123 e 1.543), increase in AAA diameter (HR 7.161, 95% CI
3.871 e 13.247), age (HR 0.967, 95% CI 0.946 e 0.989), and
continued follow up, 80% (HR 1.774, 95% CI 1.157 e 2.719)
were significantly associated with secondary interventions.
Multivariable analysis showed that age (HR 1.067, 95% CI
1.055 e 1.078), ASA classification (ASA IV HR 1.511, 95% CI
1.144 e 1.995), change in AAA diameter (increase HR 0.440
per cm, 95% CI 0.341 e 0.567, decrease HR 0.392 per cm,
95% CI 0.334 e 0.459), and continued follow up 80% (HR
1.932, 95% CI 1.651 e 2.260) were significantly associated
with all cause mortality (Supplementary Table S3). There
was a significant difference between the two groups in the
proportion of patients undergoing secondary interventions
(168/1 018; 17% vs. 57/578; 10%; p < .001).

Continued imaging follow up in participating centres was
classified as low (up to 26%), medium (up to 36%) or high
(up to 55%). Multivariable analyses showed no significant
association between this distribution of continued follow up
rates in participating centres and all outcomes (aneurysm
related mortality, secondary interventions, and all cause
mortality) (Supplementary Table S3).
DISCUSSION

The current study has endeavoured to address the evidence
gap regarding the value of imaging surveillance in post-
EVAR patients whose initial post-operative CTA shows no
abnormalities. All participating hospitals used their own
surveillance protocol with many similarities to the ESVS
guidelines.8 Most patients who underwent EVAR did not
undergo yearly imaging. There was no difference in the
number of secondary interventions between patients with
continued and discontinued imaging follow up. However,
secondary interventions were seen earlier in the group with
continued post-EVAR surveillance. This was confirmed after
correcting for confounders by multivariable Cox regression.
Finally, in the univariable analysis it was found that
continued imaging surveillance was associated with
decreased survival, an outcome that remained consistent
after adjusting for confounders.

The value of the initial post-operative imaging has been
investigated before, demonstrating the risk of complications
and interventions is low if no abnormalities are shown on
initial imaging.14e16 In this study, patients with continued
imaging surveillance underwent 3% more secondary in-
terventions. This is less than the expected difference of 7%,
which may be explained by the fact that physicians have
become more restrained in intervening nowadays. These
findings suggest that not all complications require second-
ary intervention but may be monitored. It is not known
whether if abnormalities are seen on imaging, patients tend
to undergo stricter follow up.13,22 However, in sensitivity
analysis, including the continued follow up 80% variable,
patients with continued imaging surveillance underwent
more secondary interventions. This finding was similar to
Garg et al.,15 who found more interventions (10% vs. 1.4%)
in patients with complete against incomplete surveillance.
The intervention free survival rates were in line with pre-
vious studies.4,23

The results showed poor survival outcomes in patients
with continued imaging surveillance. Overall survival was



Table 5. Cox regression univariable and multivariable analyses of the effect of different variables on aneurysm related mortality
and secondary interventions in 1 596 patients following endovascular aneurysm repair of an intact abdominal aortic aneurysm
(AAA)

Univariable analysis Multivariable analysis

AAA mortality
HR (95% CI)

Interventions
HR (95% CI)

AAA mortality
HR (95% CI)

Interventions
HR (95% CI)

Age (per year) 1.014 (0.970e1.060) 0.966 (0.951e0.982) 0.962 (0.945e0.978)*
Sex 1.212 (0.426e3.444) 0.773 (0.484e1.237)
ASA classification

ASA I/II 1 1 1
ASA III 1.592 (0.740e3.423) 1.018 (0.777e1.333) 1.489 (0.685e3.236)
ASA IV 3.881 (1.324e11.372) 1.269 (0.747e2.199) 3.810 (1.296e11.198)

Endograft
Endurant (Medtronic) 1 1 1
Zenith Flex (Cook) 0.838 (0.383e1.831) 0.693 (0.507e0.948) 0.721 (0.516e1.008)
Talent (Medtronic) 1.376 (0.443e4.280) 1.084 (0.661e1.776) 0.792 (0.458e1.370)
Excluder (Gore) 0.407 (0.092e1.804) 0.516 (0.308e0.863) 0.558 (0.326e0.958)*
Other 0.595 (0.135e2.623) 1.206 (0.788e1.847) 0.963 (0.594e1.560)

AAA diameter e cm 1.319 (0.977e1.781) 1.262 (1.119e1.423) 1.255 (1.108e1.422)*
Neck length e cm 0.847 (0.593e1.209) 0.847 (0.593e1.209)
Max. iliac diameter e cm 1.226 (0.962e1.562) 1.227 (0.963e1.563) 1.171 (1.018e1.347)*
Continued follow up 3.529 (1.771e7.032) 1.497 (1.147e1.955) 3.611 (1.780e7.323)* 1.368 (1.021e1.831)*
Change AAA diameter

Stable 1 1 1 1
Increase 3.896 (1.672e9.078) 3.896 (1.672e9.078) 3.299 (1.408e7.729)* 7.335 (4.608e11.677)*
Decrease 0.291 (0.109e0.778) 0.291 (0.109e0.778) 0.256 (0.095e0.688)* 1.080 (0.684e1.706)

ASA ¼ American Society of Anaesthesiologists; HR ¼ hazard ratio; CI ¼ confidence interval; Max ¼ maximum.
* Significant difference.
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49.6% at 10 years for patients with discontinued follow up
vs. 35.5% for patients with continued follow up. Aneurysm
related survival was also worse: 98.0% and 92.0% for pa-
tients with discontinued and continued follow up, respec-
tively. This is an intriguing fact that needs to be looked at
carefully and which, considering the non-inferiority study
design, was unexpected. Multiple explanations for this
finding may be proposed. First, patients with continued
follow up could have multiple comorbidities and have im-
aging studies for other reasons, and therefore attend the
hospital more often. Second, symptomatic patients and
patients with abnormalities seen on imaging surveillance
tend to adhere better to their surveillance programme. This
finding was robust in the sensitivity analysis in which
similar variables were independently associated with all
cause mortality. However, other factors were associated
with aneurysm related mortality which is probably
explained by the low incidence of recorded aneurysm
related deaths. High rates of continued follow up in
participating centres did not lead to better outcomes.
Current guidelines focus on assessment of AAA diameter
with DUS and recommend CTA if the diameter increases.
Contrary to what might be expected, it was found that an
increase in AAA diameter was associated with lower all
cause mortality. There is no explanation for this finding,
which might be due to other comorbidities that were not
included in the dataset (residual confounding). During
follow up, some patients had several abnormal radiological
findings, or even findings that usually require secondary
interventions. Yet these scenarios failed to encourage
adherence to surveillance protocols, as only 50% of pa-
tients underwent yearly imaging surveillance in the first five
years following primary EVAR.24 This may be explained by
the fact that patients who have undergone AAA repair feel
disease free25 or the physician had indicated that the im-
aging frequency could be reduced in patients too frail to
undergo a secondary intervention.

The study showed that 73.0% of patients survived more
than five years after EVAR, while 45.6% survived more than
10 years after EVAR, equivalent to another long term
study.23 As life expectancy is rising, long term endograft
durability is of major importance. Based on the present
study, the durability of the implanted devices is satisfactory,
as the intervention free survival was 71.1% at 10 years.
However, newer generation stent grafts will need strict
surveillance as their long term results are still unknown, and
new technology failures must be avoided as evidenced by a
device that was designed to provide ”endovascular aneu-
rysm sealing’’.26

This study has limitations including its retrospective
observational study design with a risk of information bias.
It was unclear if patients were lost to follow up, if imaging
studies had been discontinued after uncomplicated sur-
veillance, or if patients had undergone imaging surveil-
lance elsewhere. Nonetheless, the long term results of a
treatment method also require retrospective analysis,
since not all potential problems can be foreseen. Patients
were included until 2012, limiting the ability to draw
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conclusions from more recent devices and in more EVAR
experienced vascular surgeons. Another important issue
to address is that there were no clear protocols as to
when a patient might be discharged from further follow
up. This could have modified the outcome that patients
would automatically be considered as patients with (dis)
continued follow up. However, this may affect both groups
equally. No analysis was performed whether patients were
treated in accordance with the IFU. Another major limi-
tation of this study is the missing information on cause of
death, and therefore the primary outcome regarding
aneurysm related mortality should be interpreted with
caution. Autopsy to confirm cause of death is not
routinely performed in The Netherlands, and therefore it
is likely that the proportion of aneurysm related deaths
has been underestimated. Another limitation was that the
reasons why patients were no longer under surveillance
imaging were not noted, and therefore it can only be
speculated what happened in the long interval between
last imaging and time of death. This may have resulted in a
distorted view as patients could have been referred back
to their initial hospital, and therefore be misclassified as
discontinued to imaging follow up.

The strengths of this study include the use of population
based data with long term follow up and the accuracy of
verifying deaths through the National Death Register. It also
comprises all imaging studies made following EVAR, and
thus provides a complete overview of national practice and
adherence to the ESVS guidelines.

The results show that no EVAR related abnormalities were
detected during follow up in the majority of patients (74%).
In this multicentre study, discontinued imaging follow up
was not associated with worse outcomes. This signals an
important opportunity for increasing the efficiency of the
post-EVAR follow up programme. Yearly imaging surveillance
may not always be necessary if initial post-operative CTA
shows no abnormalities. This suggestion should be validated
in future prospective studies to determine in which patients
imaging surveillance can be safely postponed. Incorporating
risk stratification based on pre-operative variables into the
development of surveillance protocols may reduce over-
treatment. Since patients with no abnormalities at their
initial post-EVAR CTA may be considered as low risk, imaging
surveillance could be delayed until five years after the initial
repair, as proposed by the ESVS guidelines. This would save
on healthcare system resources without endangering patient
safety, while at the same time increasing adherence among
those who do need surveillance.
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