Check for

updates

ELSEVIER

National Numbers of Secondary Aortic
Reinterventions after Primary Abdominal
Aortic Aneurysm Surgery from the Dutch
Surgical Aneurysm Audit

Eleonora G. Karthaus,"” Anco Vahl>* Bernard H.P. Elsman,” Michel W.J.M. Wouters,”
Gert J. de Borst® and Jaap F. Hamming,' and the Dutch Society of Vascular Surgery, In

Van den Akker P.J., Akkersdijk G.J., Akkersdijk G.P., Akkersdijk
W.L., van Andringa de Kempenaer M.G., Arts C.H., Avontuur J.A.,
Bakker O.J., Balm R., Barendregt W.B., Bekken J.A., Bender M.H.,
Bendermacher B.L., van den Berg M., Berger P., Beuk R.J., Blanken-
steijn J.D., Bleker R.J., Blok J.J., Bode A.S., Bodegom M.E., van der
Bogt K.E., Boll A.P., Booster M.H., Borger van der Burg B.L., de Borst
G.J., Bos-van Rossum W.T., Bosma J., Botman J.M., Bouwman L.H.,
Brehm V., de Bruijn M.T., de Bruin J.L., Brummel P., van Brussel
J.P., Buijk S.E., Buijs M.A., Buimer M.G., Burger D.H., Buscher
H.C., Cancrinus E., Castenmiller P.H., Cazander G., Coester A.M.,
Cuypers P.H., Daemen J.H., Dawson I., Dierikx J.E., Dijkstra M.L.,
Diks J., Dinkelman M.K., Dirven M., Dolmans D.E., van Doorn R.C.,
van Dortmont L.M., Drouven J.W., van der Eb M.M., Eefting D., van
Eijck G.J., Elshof J.W., Elsman B.H., van der Elst A., van Engeland
M.I., van Eps R.G., Faber M.J., de Fijter W.M., Fioole B., Fokkema
T.M., Frans F.A., Fritschy W.M., Fung Kon Jin P.H., Geelkerken
R.H., van Gent W.B., Glade G.J., Govaert B., Groenendijk R.P., de
Groot H.G., van den Haak R.F., de Haan E.F., Hajer G.F., Hamming
J.F., van Hattum E.S., Hazenberg C.E., Hedeman Joosten PP, Helleman
JN, van der Hem LG, Hendriks JM, van Herwaarden JA, Heyligers
J.M., Hinnen J.W., Hissink R.J., Ho G.H., den Hoed P.T., Hoedt
M.T., van Hoek F., Hoencamp R., Hoffmann W.H., Hogendoorn W.,
Hoksbergen A.W., Hollander E.J., Hommes M., Hopmans C.J., Huis-
man L.C., Hulsebos R.G., Huntjens K.M., Idu M.M., Jacobs M.J., van
der Jagt M.F., Jansbeken J.R., Janssen R.J., Jiang H.H., de Jong
S.C., Jongbloed-Winkel T.A., Jongkind V., Kapma M.R., Keller B.P.,
Khodadade Jahrome A., Kievit J.K., Klemm P.L., Klinkert P., Koedam
N.A., Koelemaij M.J., Kolkert J.L., Koning G.G., Koning 0.H., Konings
R., Krasznai A.G., Krol R.M., Kropman R.H., Kruse R.R., van der Laan
L., van der Laan M.J., van Laanen J.H., van Lammeren G.W., Lamp-
rou D.A., Lardenoye J.H., Lauret G.J., Leenders B.J., Legemate D.A.,
Leijdekkers V.J., Lemson M.S., Lensvelt M.M., Lijkwan M.A., Lind
R.C., van der Linden F.T., Liqui Lung P.F., Loos M.J., Loubert M.C.,
van de Luijtgaarden K.M., Mahmoud D.E., Manshanden C.G., Mattens
E.C., Meerwaldt R., Mees B.M., von Meijenfeldt G.C., Menting T.P.,
Metz R., Minnee R.C., de Mol van Otterloo J.C., Molegraaf M.J., Mon-
tauban van Swijndregt Y.C., Morak M.J., van de Mortel R.H., Mulder
W., Nagesser S.K., Naves C.C., Nederhoed J.H., Nevenzel-Putters A.M.,
de Nie A.J., Nieuwenhuis D.H., Nieuwenhuizen J., van Nieuwenhuizen
R.C., Nio D, Noyez V.J., Oomen A.P., Oranen B.1., Oskam J., Palamba
H.W., Peppelenbosch A.G., van Petersen A.S., Petri B.J., Pierie M.E.,
Ploeg A.J., Pol R.A., Ponfoort E.D., Post 1.C., Poyck P.P., Prent A.,
ten Raa S., Raymakers J.T., Reichart M., Reichmann B.L., Reijnen
M.M., de Ridder J.A., Rijbroek A., van Rijn M.J., de Roo R.A., Rouwet
E.V., Saleem B.R., Salemans P.B., van Sambeek M.R., Samyn M.G.,
van't Sant H.P., van Schaik J., van Schaik P.M., Scharn D.M., Schel-
tinga M.R., Schepers A., Schlejen P.M., Schlosser F.J., Schol F.P.,

234

Scholtes V.P., Schouten 0., Schreve M.A., Schurink G.W., Sikkink
C.J., te Slaa A., Smeets H.J., Smeets L., Smeets R.R., de Smet A.A.,
Smit P.C., Smits T.M., Snoeijs M.G., Sondakh A.O., Speijers M.J.,
van der Steenhoven T.J., van Sterkenburg S.M., Stigter D.A., Stokmans
R.A., Strating R.P., Stultiéns G.N., Sybrandy J.E., Teijink J.A., Telgen-
kamp B.J., Teraa M., Testroote M J.,. Tha-In T., The R.M., Thijsse WJ,
Thomassen 1., Tielliu I.F., van Tongeren R.B., Toorop R.J., Tournoij E.,
Truijers M., Tiirkcan K., Tutein Nolthenius R.P., Unli ¢., Vaes RH.,
Vafi A.A., Vahl A.C., Veen E.J., Veger H.T., Veldman M.G., Velthuis
S., Verhagen H.J., Verhoeven B.A., Vermeulen C.F., Vermeulen E.G.,
Vierhout B.P., van der Vijver-Coppen R.J., Visser M.J., van der Vliet
J.A., Vlijmen-van Keulen C.J., Voorhoeve R., van der Vorst J.R., Vos
A.W., de Vos B., Vos C.G., Vos G.A., Voute M.T., Vriens B.H., Vriens
P.W., de Vries A.C., de Vries D.K., de Vries J.P., de Vries M., van der
Waal C., Waasdorp E.J., W. de Vries, van Walraven L.A., van Wanroij
J.L., Warlé M.C., van de Water W., van Weel V., van Well A.M., Welten
G.M., Welten R.J., Wever J.J., Wiersema A.M., Wikkeling O.R., Will-
aert W.I., Wille J., Willems M.C., Willigendael E.M., Wilschut E.D.,
Wisselink W., Witte M.E., Wittens C.H., Wong C.Y., Wouda R., Yazar
0., Yeung K.K., Zeebregts C.J., van Zeeland M.L.

Conflicts of interest: The authors declare that they have no conflicts of
interest.

Funding: This research received no specific funding.

"Department of Surgery, Leiden University Medical Center, Leiden,
the Netherlands.

2Dutch Institute for Clinical Auditing, Leiden, the Netherlands.
> Department of Surgery, OLVG, Amsterdam, the Netherlands.

“Department of Clinical Epidemiology, OLVG, Amsterdam, the
Netherlands.

°Department of Surgery, Deventer Hospital, Deventer, the
Netherlands.

®Department of Vascular Surgery, University Medical Center
Utrecht, Utrecht, the Netherlands.

Correspondence to: Eleonora G. Karthaus, MD, Department of Sur-
gery (Zone K6-R), Leiden University Medical Center, Albinusdreef 2,
2333 ZA Leiden, the Netherlands; E-mail: egkarthaus@gmail.com

Ann Vasc Surg 2020; 68: 234-244
https://doi.org/10.1016/j.avsg.2020.04.034

© 2021 The Authors. Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/
4.0/).

Manuscript received: February 17, 2020, manuscript accepted: April 7,
2020; published online: 24 April 2020


mailto:egkarthaus@gmail.com
https://doi.org/10.1016/j.avsg.2020.04.034
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.avsg.2020.04.034&domain=pdf

Volume 68, October 2020

collaboration with the Steering Committee of the Dutch Surgical Aneurysm Audit, the Dutch
Institute for Clinical Auditing Leiden, Amsterdam, Deventer, and Utrecht, The Netherlands

Background: Long-term secondary aortic reinterventions (SARs) can be a sign of (lack of)
effectiveness of abdominal aortic aneurysm (AAA) surgery. This study provides insight into
the national number of SARs after primary AAA repair by endovascular aneurysm repair
(EVAR) or by open surgical repair in the Netherlands.

Methods: Observational study included all patients undergoing SAR between 2016 and 2017,
registered in the compulsory Dutch Surgical Aneurysm Audit (DSAA). The DSAA started in
2013, SARs are registered from 2016. Characteristics of SAR and postoperative outcomes
(mortality/complications) were analyzed, stratified by urgency of SAR. Data of SARs were
merged with data of their preceded primary AAA repair, registered in the DSAA after January
2013. In these patients undergoing SAR, treatment characteristics of the preceded primary
AAA repair were additionally described, with focus on differences between stent grafts.
Results: Between 2016 and 2017, 691 patients underwent SAR, this concerned 9.3% of all
AAA procedures (infrarenal/juxtarenal/suprarenal) in the Netherlands (77% elective/11% acute
symptomatic/12% ruptured). Endoleak (60%) was the most frequent indication for SAR. SARs
were performed with EVAR in 66%. Postoperative mortalities after SAR were 3.4%, 11%, and
29% in elective, acute symptomatic, and ruptured patients, respectively. In 26% (n = 181) of
the patients undergoing SAR their primary AAA repair was performed after January 2013 and
data of primary and SAR procedures could be merged. In 93% (n = 136), primary AAA repair
was EVAR. Endografts primarily used were nitinol/polyester (62%), nitinol/polytetrafluoroethy-
lene (8%), endovascular sealing (21%), and others (9%), compared with their national market
share of 76% (odds ratio [OR], 0.52; 95% confidence interval [Cl], 0.38—0.71), 15% (OR,
0.50; ClI, 0.29—-0.89), 4.9% (OR, 5.04; Cl, 3.44—7.38), and 4.1% (OR, 2.81; Cl, 1.66—4.74),
respectively.

Conclusions: In the Netherlands, about one-tenth of the annual AAA procedures concerns an
SAR. A quarter of this cohort had an SAR within 1—5 years after their primary AAA repair. Most
SARs followed after primary EVAR procedures, in which an overrepresentation of endovascular
sealing grafts was seen. Postoperative mortality after SAR is comparable with primary AAA repair.
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INTRODUCTION

The choice of surgical technique in primary abdom-
inal aortic aneurysm (AAA) repairs is mainly based
on patient and aneurysm-related characteristics.
Because of lower postoperative mortality and
morbidity after treatment with endovascular aneu-
rysm repair (EVAR) compared with conventional
open surgical repair (OSR), EVAR has become the
preferred procedure in the elective setting and in
many centers even in the acute setting.'”’ Howev-
er, when choosing a treatment strategy, it is also
important to take long-term outcomes into account,
such as surgical secondary reinterventions. Second-
ary reinterventions are undesirable for the patient
and additionally contributes to higher costs of care.
Follow-up studies of the EVAR-1 trial and Dutch
Randomized Endovascular Aneurysm Management
(DREAM) trial, comparing EVAR and OSR in pa-
tients with elective AAA, demonstrated a similar
long-term survival but a significantly higher overall
secondary reintervention rate in patients treated

with EVAR.” ® After the DREAM (12 years) and
EVAR-1 trial (15 years), the secondary reinterven-
tion rate was, respectively, 38% and 26 % in patients
treated with EVAR, compared with 21% and 12% in
patients treated with OSR.%” Over a period of time,
endovascular devices and techniques have been
further developed aiming to improve its safety and
durability, which possibly affects the generaliz-
ability of these results for today practice.” In addi-
tion, the use of EVAR has continued to increase
over the past decades and is currently used in almost
80% of all patients undergoing elective AAA sur-
gery in the Netherlands.” Presumably both factors
will influence the amount of secondary aortic rein-
terventions (SARs) that is carried out in daily prac-
tice. However, it is unclear what the current
extent of this problem is on a national scale and
what the consequences are for patients.

With the use of the nationwide Dutch Surgical
Aneurysm Audit (DSAA), which registers all SAR
procedures since 2016, first, we aimed to provide
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insight into the national number of open surgical
and endovascular SARs after primary OSR or pri-
mary EVAR. Second, we aimed to describe patient,
aneurysm and treatment characteristics, and out-
comes of patients undergoing SAR.

METHODS
Data Source and Patient Selection

The data set is retrieved from the DSAA. This
mandatory and nationwide audit was initiated in
2013 and prospectively registers all patients under-
going surgery for an aortic aneurysm or dissection.
Initially, only patients undergoing a primary
abdominal aortic (infrarenal/juxtarenal) repair
were registered in the DSAA. Since January 2016,
all primary aortic procedures (EVAR and OSR) for
an infrarenal/juxtarenal/suprarenal AAA and all
SARs (endovascular or open procedure) after a pri-
mary AAA repair were also included in the audit.
Data are registered via a web-based survey or pro-
vided via a batch data file per hospital and are
collected on procedural level. Of each individual
surgical procedure, corresponding patient charac-
teristics, procedure characteristics, and 30 days or
in hospital postoperative outcome are registered.
With each procedure, the vascular surgeon must
then indicate whether it concerns a primary AAA
procedure or an SAR. Patients undergoing multiple
surgical aortic procedures are thereby re-registered
in each case.

In this study, we included all patients undergoing
SAR, concerning the iliac and/or abdominal aorta,
after the start of registration in January 2016 until
December 2017. To consider a patient eligible for
analysis the date of birth, date of surgery, type of
surgical procedure, urgency of surgical procedure,
and survival status at the time of discharge, and 30
days postoperatively had to be known. In these pa-
tients undergoing SAR (i.e. individual procedural
records) we have no standard information about
the primary AAA procedure. However, when pa-
tients undergoing SAR had undergone their primary
AAA repair between January 2013 (start of the
DSAA) and December 2017 and were registered in
the DSAA, data of the primary AAA repair and
SAR were merged (Fig. 1) and formed a subcohort.
When the primary AAA repair was performed
before January 2013, data on the primary AAA
repair were not available and could not be merged
with the SAR data.

All patients undergoing thoracic aortic surgery
were excluded from this study.
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Verification of the DSAA data was carried out in
2015 by a third trusted party, through a random sam-
ple of hospitals and will be continued in the future.'’

Definitions

All surgical SARs after primary AAA repair concern-
ing the iliac and/or abdominal aorta are considered
as an SAR. All reintervention procedures occurring
within 30 days after primary AAA repair or during
initial admission were considered as postoperative
reinterventions and not as SAR. Secondary reinter-
ventions performed by other specialties, such as
interventional radiologists, and all other secondary
reintervention procedures not related to the aorta
were not registered in the DSAA and therefore not
included as an SAR in this study. Postoperative mor-
tality was defined as mortality within 30 days after
SAR or during admission (30 days/in hospital). Post-
operative complications were categorized by surgi-
cal and nonsurgical complications. A hybrid
procedure is defined as a procedure in which open
and endovascular techniques are combined.

Statistical Analysis

Patient and aneurysm characteristics, treatment,
and outcomes of the total cohort of patients under-
going SAR were stratified by the urgency of SAR
(i.e., elective, acute symptomatic, and acute
ruptured) and analyzed with descriptive statistics.
In addition, postoperative outcomes of SARs were
compared with outcomes of primary AAA repairs
with ¢-tests and chi-squared tests. In case the missing
data in a categorical or continues variable was
exceeding 5%, a category “‘missing/unknown”
was added. In the subcohort of patients with both
data on the primary AAA procedure and the SAR,
combined treatment characteristics, time to SAR,
and outcomes were described using descriptive sta-
tistics. The ratio of different types of stent grafts,
used at primary AAA repair, in patients undergoing
SAR was compared with the ratio of the national
market share of these grafts. All statistical analyses
were performed using SPSS statistical software
(version 24; IMB Corp, Armonk, NY).

RESULTS

Between January 2016 and December 2017, 8,234 pa-
tients were registered in the DSAA and eligible for
analysis, of which 7,425 (90.2%) patients were under-
going AAA surgery, 718 (8.7%) patients were under-
going thoracic aortic aneurysm surgery, and in 91
(1.1%) patients the location of the aneurysm was
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unspecified. Of all patients undergoing AAA surgery,
691 patients (9.3%) underwent an SAR after primary
AAA surgery, of which 21 patients (3.0%) also under-
went a second SAR. These 691 patients who under-
went SAR were included in this study.

All Patients Undergoing Secondary
Aortic Reconstruction Surgery

The total SAR cohort consisted predominantly of
males (n = 613, 89%) and had a mean age of
75 years (standard deviation 7.8). Patient character-
istics are shown in Table I.

Most patients (n = 530, 76.7%) were undergoing
SAR in elective setting, and 10.9% (n = 75) and
12.4% (n = 86) were undergoing SAR because of an
acute symptomatic or ruptured AAA, respectively.
Endoleaks after EVAR (n = 412, 60%) were most
often the indication for SAR, followed by progression
of aneurysmatic disease (aneurysm growth not caused
by an endoleak) (n = 185, 26.8%), false aneurysm
(n = 49, 7.1%), and infected prostheses (n = 42,
6.1%). In most patients (n = 453, 65.6%), SAR was
performed with an endovascular procedure, 21%
(n = 145) with an open procedure, in 3.2% (n = 22)
the SAR was converted from endovascular to open
procedure, and in 1.3% (n = 9) a hybrid procedure
was performed. In the remaining 8.9% (n = 62) of
SARs, the procedure was unspecified.

Postoperative complications after SAR occurred in
26.5% (n = 141) of elective patients, in 48.7%
(m = 29) of acute symptomatic patients, and in
62.7% (n=54) of patients with a ruptured aneurysm
(Table II). In 7.2%, 10.7%, and 25.6% postoperative
reintervention was necessary within 30 days after the
SAR or during the hospital stay. More than 50% of
these postoperative reinterventions were open pro-
cedures, most of them after an open SAR. Postopera-
tive mortality (30 days/in hospital) was 3.4%,
10.7%, and 29.1% in elective, acute symptomatic,
and ruptured aneurysm patients, respectively. Table
III shows the comparison of observed (unadjusted)
postoperative outcomes of SARs and of primary
AAA procedures in the same period. Postoperative
mortality after SAR was comparable to primary
AAA repair in all urgency settings. There were
more postoperative complications after elective
SARs compared with elective primary AAA repairs.

Patients Undergoing SAR Matched to
Their Primary AAA Repair Registered in
the DSAA

Of all patients undergoing an SAR, 26% (n = 181)
was registered in the DSAA with their primary
AAA repair between January 2013 and December
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2017 and could be evaluated for the combined treat-
ment characteristics of the primary AAA repair and
of the SAR (Fig. 1). In the remaining 74% (n = 510)
of patients undergoing SAR the primary AAA was
not registered in the DSAA, which implies that
they, in all probability, had undergone their primary
AAA repair before 2013. The primary procedure in
these patients is thereby unknown.

In the matched subcohort of 181 patients, the
median maximum AAA diameter at the moment
of primary AAA repair was 60 mm (interquartile
range 55—73 mm). The median time from primary
AAA procedure until SAR was 25 months (inter-
quartile range 11—35 months).

Of the 181 patients, 93% (n = 169) was primarily
treated with EVAR, 6.1% (n = 11) with OSR, and
0.6% (n = 1) with a hybrid procedure. Figure 2 pro-
vides an overview of the surgical technique used in
the primary AAA procedures and after SARs. Types
of endovascular grafts that were most frequently
used in the primary EVAR procedures were nitinol/
polyester stent grafts (n = 104; 62%), nitinol/polyte-
trafluoroethylene stent grafts (n = 14; 8%), endovas-
cular sealing stent grafts (n = 35; 21%), and others
(n = 16; 9%). Table IV specifies the indications for
SAR per type of endovascular stent and the market
share per type in the Netherlands. The proportion of
primary endovascular sealing stent grafts in patients
with an SAR is significant (21% vs. 4.9%, [odds ratio,
5.04; 95% confidence interval, 3.44—7.38]). All other
types of stent grafts were equally represented in the
SAR group, relative to their market share.

In the 12 patients (6.7%) with a primary OSR or
hybrid procedure, the indications for SAR were pro-
gression of aneurysmatic disease (n = 5, 45%), infected
prosthesis (n = 4, 36%), false aneurysm (n =1, 9.1%),
and other unspecified reasons (n = 2, 18.2%).

The majority of the subcohort (7 = 136, 75.1%)
was primarily treated in an elective setting, 10.5%
(n = 19) in acute symptomatic, and 14.4%
(n = 26) in ruptured setting. Figure 3 shows the ur-
gency settings of the primary procedures and after
SARs. A total of 80% of patients with an elective pri-
mary AAA repair did undergo their SAR in an elec-
tive setting as well (z =109, 80.1%). The remaining
8.1% (n=11) and 11.8% (n = 16) of primary elec-
tive patients underwent an SAR in an acute symp-
tomatic or ruptured setting. Of these 27 patients, 6
(22%) died of complications of the SAR procedure.

DISCUSSION

Between January 2016 and December 2017, 691 pa-
tients underwent a SAR in the Netherlands, which
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| 510 patients (74%) had a primary AAA treatment before 2013

-
|
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Before the DSAA, no data available
Inclusion of primary AAA procedures only

] Inclusion of primary aortic procedures and
secondary reintervention procedures

Fig. 1. Flow chart of patients included in this study.

counts for 9.3% of all AAA procedures performed.
Endoleak was the most frequent indication for
SAR, from which we can conclude that at least
60% of all SARs followed after primary EVAR.
Most SARs were performed in an elective setting
and more than half with an endovascular procedure.
Postoperative mortality after SAR was 3.4%, 11%,
and 29% in patients with elective, acute symptom-
atic, and ruptured AAA, respectively, which is in
line with the results after primary procedures. About
a quarter of the patients was previously registered in
the DSAA for their primary AAA repair between
2013 and 2017 (i.e., short-term/midterm SAR).
This implies that the remaining 3-quarters had their
primary AAA repair before the start of the audit and
therefore information on their primary AAA repair
(i.e., long-term SAR) is lacking.

The vast majority of SARs followed after primary
DSAA registered EVAR procedures (169/181), in
which an overrepresentation of endovascular seal-
ing stent grafts was seen. Only half of these primary
EVAR procedures could be treated with again an
endovascular procedure during SAR. Furthermore,
one-fifth of patients with a primary elective AAA
procedure underwent an acute symptomatic or
ruptured SAR.

Although elective EVAR is known to have a
lower postoperative mortality than elective OSR,
this survival benefit disappears after about 2 years. "

In addition, it appears that EVAR entails more SARs,
which in turn leads to higher costs. Although the
follow-up study of the Open versus Endovascular
Repair trial did not demonstrate higher overall sec-
ondary reintervention rate in patients treated with
EVAR compared with OSR, the first follow-up
studies of the DREAM and EVAR-1 trial did.*>'?
However, these 2 studies did not include all
laparotomy-related reinterventions. More recently,
12- and 15-year follow-up studies of these same tri-
als included all secondary reinterventions directly
and indirectly related to the primary AAA repair
and confirmed a significantly higher overall second-
ary reintervention rate in elective patients treated
with EVAR compared with OSR.®” The same results
were seen in a large American observational
study.'' To evaluate how the outcomes of these
studies relate to daily practice (real world), you
would ideally follow a large cohort of patients with
primary AAA, such as registered in the DSAA,
over a period of time.

Because the DSAA was initially set up without
the registration of SARs, which was added only 3
years after the start of the audit, it is not (yet)
possible to make statements about the national inci-
dence of SARs after primary AAA (Fig. 1). However,
almost 10% of all AAA procedures performed in
2016—2017 concerns an SAR. No other national
quality registry ever reported their national annual
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Table I. Patient and treatment characteristics of patients undergoing SAR between 2016 and 2017

Elective Acute symptomatic Acute ruptured Total
N % N % N % N %
Number of patients 530 75 86 691
Age (mean, years) 74.9 SD 7.4 75.9 SD 8.9 74.4 SD 9.3 74.9 SD 7.8
Sex
Male 478 90.2 59 78.7 76 88.4 613 88.7
Female 52 9.8 16 21.3 10 11.6 78 11.3
Year of surgery
2016 211 39.8 31 41.3 45 52.3 287 41.5
2017 319 60.2 44 58.7 41 47.7 404 58.5
Pulmonary state
No dyspnea 348 65.7 42 56.0 49 57.0 439 63.5
Dyspnea 147 27.7 20 26.7 17 19.8 184 26.6
Severe dyspnea 25 4.7 4 5.3 3 3.5 32 4.6
Unknown 10 1.9 9 12.0 17 19.8 36 5.2
Cardiac state
No abnormalities 189 35.7 19 25.3 31 36.0 239 34.6
Peripheral edema 54 10.2 13 17.3 11 12.8 78 11.3
Raised central venous pressure 14 2.6 4 5.3 0 0 18 2.6
Antihypertensive medication 261 49.2 35 46.7 38 44.2 334 48.3
Unknown 12 2.3 4 5.3 6 7.0 22 3.2
Last preoperative electrocardiography
No abnormalities 209 39.4 21 28.0 29 33.7 259 37.5
Atrial fibrillation 56 10.6 10.7 9 10.5 73 10.6
Ischemia 22 4.2 0 0 1 1.2 23 3.3
Other abnormalities 185 34.9 34 453 25 29.1 244 35.3
No electrocardiography 58 10.9 12 16.0 22 25.6 92 13.3
performed
Type of aneurysm
Infrarenal 295 55.7 46 61.3 54 62.8 395 57.2
Juxtarenal 87 16.4 6 8.0 9 10.5 102 14.8
Suprarenal 19 3.6 2.7 2 2.3 23 3.3
Unknown 129 24.3 21 28.0 21 24.4 171 24.7
Pathogenesis
Infected prosthesis 24 4.5 8 10.7 10 11.6 42 6.1
Endoleak 329 62.1 41 54.7 42 48.8 412 59.9
False aneurysm 32 6.0 6 8.0 11 12.8 49 7.1
Progression of aneurysmatic 143 27.0 18 254 23 26.7 185 26.8
disease
Unknown 2 0.4 1 1.3 0 0.0 3 0.4
Surgery
Endovascular 365 68.9 41 54.7 47 54.7 453 65.6
Open 93 17.5 20 26.7 32 37.2 145 21.0
Converted to open 16 3.0 4 5.30 2 2.3 22 3.2
Hybrid 3 0.6 4 5.30 2 2.3 9 1.3
Other 53 10.0 6 8.0 3 3.5 62 8.9

volume of SARs and let alone the outcome.'” '¢

Since EVAR was introduced in 1991 and now per-
formed in a steady percentage of approximately
80% of patients with elective AAA, one can state
that the national annual number of SARs provides
a good insight into the extent of the problem in daily
practice.”'’

There is a presumption that the number of pa-
tients treated with EVAR outside the instructions
for use (IFU) is increasing. Unfortunately, this is in-
formation not yet registered in the DSAA. In the
literature only relatively small series are reported
comparing outcomes after EVAR within and outside
IFU, which showed conflicting results in
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Table II. Postoperative outcomes of patients undergoing SAR

Elective Acute symptomatic Acute ruptured Total
N o/0 N 0/O N 0/O N 0/0
Postoperative
complications
No complication 389 73.4 46 61.3 31 36.0 466 67.4
Surgical complication 40 7.5 5 6.7 13 15.1 58 8.4
Nonsurgical 72 13.5 17 22.7 26 30.2 115 16.6
complication
Surgical and 29 5.5 7 9.3 15 17.4 51 7.4
nonsurgical
complication
Unknown 0 0.0 0 0.0 1 1.2 1 0.1
complication
Permanent injury
because of
complication®
No 100 70.9 17 58.6 20 36.4 137 61.2
Yes 29 20.6 8 27.6 28 50.9 65 29.0
Unknown 12 8.5 4 13.8 7 12.7 23 10.3
Reintervention within
30 days/in hospital
No 492 92.8 66 88.0 63 73.3 621 89.9
Yes 38 7.2 8 10.7 22 25.6 68 9.8
Unknown 0 0.0 1 1.3 1 1.2 2 0.3
Type of reintervention”
Endovascular 8 21.1 3 37.5 6 27.3 17 25.0
procedure
Percutaneous 1 2.6 0 0.00 1 4.5 2 2.9
procedure
Endoscopic 1 2.6 0 0.00 0 0.0 1 1.5
procedure
Reoperation open 21 55.3 4 50.0 14 63.6 39 57.4
procedure
Other 7 18.4 1 12.5 1 4.5 9 13.2
Re-admission (within 30 5.70 9 12.0 7 7.0 46 6.7
30 days after
discharge)
Postoperative mortality 18 3.4 8 10.7 25 29.1 51 7.4
(30 days/in hospital)
?Calculated in all patients with a postoperative complication.
"Calculated in all patients with a reintervention.
postoperative  outcomes and reintervention and graft migration only occurs in EVAR
rates.'® ?° However, other studies have already  patients.”*?* %> In most of our patients, endoleak

demonstrated that anatomic characteristics of the
AAA are predictive for reintervention after
EVAR.”""** Although larger studies with longer
follow-up periods are needed to evaluate the influ-
ence of treatment outside IFU on SARs, the
increasing use of EVAR outside IFU most likely af-
fects the number of SARs.

As anew aneurysm, graft infection, and graft ste-
nosis are reported indications for SAR in patients
primarily treated with EVAR or OSR, endoleak

(60%) was the indication for SAR. So at least 60%
of all SARs performed between 2016 and 2017 fol-
lowed after a primary EVAR procedure. By merging
data of SARs with data on the corresponding primary
AAA procedures, we were able to provide insight
into combined treatment characteristics in 26% of
the DSAA. Although we already concluded that at
least 60% of SARs in the total cohort occurred after
a primary EVAR procedure, this was actually the
case in 93% of the subcohort. This high percentage



Table III. Surgical treatment and outcomes of SAR compared with primary AAA repairs 2016—2017

Elective Acute symptomatic Acute ruptured
Primary repair SAR Primary repair SAR Primary repair SAR
N % N % P value N % N % P value N % N % P value
Surgical procedure 0.000 0.000 0.003
Endovascular 3,974 77 365 69 370 65 41 55 403 41 47 55
Converted to open 5 0.1 16 3.0 3 0.5 4 5.3 7 0.7 2 2.3
Open 1,102 22 93 18 195 34 20 27 556 56 32 37
Hybrid 24 0.5 3 0.6 2 0.3 4 5.3 11 1.1 2 2.3
Other 31 0.6 53 10 4 0.7 6 8.0 10 1.0 3 3.5
Postoperative 0.001 0.623 0.855
complications
No complication 4,100 80 389 73 386 67 46 61 315 32 31 36
Surgical complication 284 5.5 40 7.5 38 6.6 5 6.7 134 14 13 15
Nonsurgical 586 11 72 14 116 20 17 23 334 34 26 30
complication
Surgical and 155 3.0 29 5.5 34 5.9 7 9.3 197 20 15 17
nonsurgical
complication
Unknown 11 0.2 0 0.0 0 0.0% 0 0.0 7 0.7 1 1.2
complication
Permanent injury 0.014 0.282 0.388
because of
complication”
No 839 81 100 71 136 72 17 59 307 46 20 36
Yes 129 13 29 21 38 20 8 28 296 44 28 51
Unknown 65 6.3 12 8.5 14 7.4 4 14 67 10 7 13
Reintervention within 0.015 0.166 0.315
30 days/in hospital
No 4,896 96 492 93 536 94 66 89 789 80 63 73
Yes 228 4.4 38 7.2 37 6.5 8 10.8 192 20 22 26
Unknown 5 0.1 0 0.0 0 0.0 0 0.0 6 0.6 1 1.2
Re-admission (within 301 5.9 30 5.7 0.855 46 8.0 9 12.2 0.230 60 6.1 6 7.1 0.718
30 days after
discharge)
Postoperative mortality 86 1.7 18 3.4 0.005 35 6.1 8 10.7 0.135 313 32 25 29 0.613

(30 days/in hospital)

Calculated in all patients with a postoperative complication.
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Fig. 2. Type of primary surgical procedure followed by type of SAR in patients undergoing a primary AAA procedure

after 2013 and an SAR between 2016 and 2017.

Table IV. The indication for secondary aortic reintervention per type of endovascular graft used in the

primary AAA procedure

Progression of

Use of endovascular
prosthesis in the

aneurysmatic Netherlands
Infected prosthesis Endoleak disease Unknown Total % 2013—2017
Nitinol/polyester 2 1.9% 87 84% 15 149% 0 0% 104 62 76%
Nitinol/PTFE 3 21% 10 71% 1 71% 0 0% 14 8 15%
Endovascular 0 0% 28 80% 7 20% 0 0% 35 21 4.9%
sealing
Other 0 0% 13 81% 2 13% 1 6.3% 16 9 4.1%
5 3.0% 138 82% 25 14.8% 1 0.6% 169 100 100%

may partly be explained by the fact that about 70%
of all primary AAA repairs is performed with EVAR.”
Furthermore, we only report on SARs, where part of
secondary reinterventions after primary OSR is not
related to the aorta (i.e., laparotomy related).” "
Finally, the maximal follow-up of 5 years and the
way the audit was set up (i.e., missing the early
SARsin 2013—2015) could have influenced the pro-
portion of primary EVAR in this subcohort, as SARs
after primary EVAR usually occur at different times
of follow-up than SARs after primary OSR.®”*® In
addition, as 3-quarters of the SARs occur at least
more than 4 years after the primary AAA repair,
long-term follow-up seems to be necessary.

The large proportion of nitinol/polyester stent
grafts in patients who underwent SAR from the

subgroup analysis is in accordance with the high
percentage of national use of these stents. However,
21% of primary endovascular sealing stent grafts in
patients who underwent SAR was significantly
higher than the national use. The endovascular seal-
ing system was designed to overcome common is-
sues with endovascular systems, such as endoleaks
and graft migration, by which more patients with
a difficult anatomy of the aorta might be eligible
for treatment with endovascular technique.
Although previous studies demonstrated that these
endovascular sealing systems were safe and had
low SAR rates, others raised their concerns about
more reinterventions and risk of rupture.”’ >’
Again, the missing early SARs of patients undergo-
ing primary AAA repair between 2013 and 2015 in
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Fig. 3. Urgency of primary surgical procedure followed by urgency of SAR in patients undergoing a primary AAA pro-

cedure after 2013 and an SAR between 2016 and 2017.

our study could have influenced the proportion of
different stent grafts in our subcohort. Furthermore,
it is unclear how many and which patients were
treated outside IFU. Nevertheless, the significant
overrepresentation of endovascular sealing stent
grafts in national SARs is an important finding of
this study and needs further attention.

This study has some limitations that need to be
addressed. First, as the audit exclusively registers
surgical aortic procedures, we were only able to
evaluate surgical SARs. All laparotomy-related sec-
ondary reinterventions, such as incisional hernia
repair and bowel obstruction, that may be needed
after primary OSR and all SARs performed by the
interventional radiologist are therefore not included
in this analysis. Both would probably have increased
the number of secondary reinterventions performed
after primary AAA surgery considerably. Second, as
only patients undergoing surgery are registered, the
number of SARs performed does not necessarily
correspond to the number of SARs required.
Possibly only patients that are fit enough (and did
not die) undergo SAR, by which selection-bias
might be present. The number of SARs presented
in this study will, therefore, be an underestimation
of the actual number of SARs that is performed
(and possibly required) after primary AAA surgery
in the Netherlands.

Although part of our analyses are now hampered
because of missing SARs in the period 2013—2015,
with time the DSAA will be a complete registration
of primary AAA repairs and subsequent SARs.

With a few more years of auditing, it will be possible
to provide a national incidence of SAR and to eval-
uate differences in national SAR rates between sur-
gical techniques and additionally between the types
of EVAR stent grafts that are used. The latter is an
important step forward, as the audit can serve to
detect problems with specific stent grafts at an early
stage. In addition, one-fifth of patients with an
initial elective primary AAA repair underwent
SAR in an urgent or acute setting, with the associ-
ated increased morbidity, which indicates there
might be room for improvement. Finally, as we
know that SARs are frequently needed after
EVAR, it is a challenge to find out how the optimal
follow-up after EVAR should look like.

CONCLUSIONS

Data from the DSAA show that about one-tenth of
the annual AAA procedures concerns an SAR.
Endoleak was the most frequent reason for SAR.
About a quarter of this cohort had an SAR within
1—5 years after their primary AAA repair. Most
SARs were performed after a primary EVAR proced-
ure, in which an overrepresentation of endovascu-
lar sealing stent grafts was seen. Furthermore, only
half of primary EVAR procedures could again be
treated with an endovascular procedure during
SAR. Postoperative mortality after SAR is compara-
ble to primary AAA repair in all urgency settings. In
addition, there were more postoperative
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complications after elective SARs compared with
elective primary AAA repairs.

The authors would like to thank all surgeons, registrars,
physician assistants, and administrative nurses that registered
all the patients in the DSAA, as well as the DSAA group.
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