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Nationwide study of the treatment of mycotic

abdominal aortic aneurysms comparing open and

endovascular repair in The Netherlands
Quan Dang, MD, Randolph G. Statius van Eps, MD, PhD, Jan J. Wever, MD, PhD, and Hugo T. C. Veger, MD,
in collaboration with the Dutch Society of Vascular Surgery, the Steering Committee of the Dutch Surgical
Aneurysm Audit, and the Dutch Institute for Clinical Auditing,* The Hague, The Netherlands
ABSTRACT
Objective: Mycotic aneurysms of the abdominal aorta (MAAA) can be treated by open repair (OR) or endovascular
aneurysm repair (EVAR). This nationwide study provides an overview of the situation of MAAA treatment in The
Netherlands in 2016.

Methods: A retrospective cohort study was conducted with all centers that registered aortic abdominal aneurysms in the
Dutch Surgical Aneurysm Audit in 2016. Questionnaires on 1-year outcomes were sent to all centers that treated patients
with MAAA. The primary aim was to determine 30-day and 1-year mortality and morbidity of OR- and EVAR-treated
patients. Morbidity was determined by the need for reoperations and the number of readmissions to the hospital.

Results: Twenty-six MAAA were detected in the Dutch Surgical Aneurysm Audit database of 2016, resulting in an inci-
dence of 0.7% of all registered abdominal aortic aneurysms. The 30-day mortality for OR and EVAR treated patients was 1
in 13 and 0 in 13, respectively. Major and minor reinterventions within 30 days were needed for two (one OR and one
EVAR) and two (one OR and one EVAR) patients, respectively. Two patients (15.4%) in the OR group and one patient (7.7%)
in the EVAR group were readmitted to hospital within 30 days. In total, 1-year outcomes of 23 patients were available. In
the OR group, one patient (9.1%) died in the first postoperative year. There was one major reintervention (removal of
endoprosthesis and spiralvein reconstruction) in the EVAR group. Two patients (18.2%) treated with OR and two (16.7%)
treated with EVAR required a minor reintervention. In both groups, four patients (OR, 36.4%; EVAR, 33.3%) were read-
mitted to hospital within 1 year postoperatively.

Conclusions: Both OR- and EVAR-treated patients show acceptable clinical outcomes after 30 days and at the 1-year
follow-up. Depending on the clinical course of the patient, EVAR may be considered in the management of this
disease. (J Vasc Surg 2020;72:531-40.)

Keywords: Mycotic; Infectious; Abdominal aneurysm; Endovascular aneurysm repair; Clinical audit
The term mycotic aortic aneurysm was first coined to
describe an infected aorta as a secondary complication
of endocarditis.1 It seems to be a misnomer nowadays,
because infections of the aorta are rarely caused by
fungal micro-organisms. The term infected aneurysm,
which encompasses infections of preexisting aneurysms
and primary artery infections resulting in an aneurysm, is
considered to be more comprehensive than mycotic
aortic aneurysm.2 In Europe, incidence rates vary be-
tween 0.6% and 2.0% of all aortic aneurysms. However,
the incidence goes up to 13% in East Asia owing to the
high prevalence of Salmonella infections, which are often
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responsible for infected aneurysms.3-5 Compared with
atherosclerotic aneurysms, mycotic aneurysms have a
worse prognosis, because they have a tendency to
grow rapidly and a relatively high risk of rupture. More-
over, patients with mycotic aortic aneurysm often
already have severe comorbidities before admission.6,7

Diagnosing a mycotic aortic aneurysm can be chal-
lenging owing to the lack of standardized diagnostic
criteria. Blood cultures may contribute to the diagnosis,6

but a negative blood culture cannot rule out the diag-
nosis because blood cultures are found to be negative
in 25% to 50% of all patients with these aneurysms.6-8
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ARTICLE HIGHLIGHTS
d Type of Research: Multicenter, retrospective cohort
study of the Dutch Surgical Aneurysm Audit

d Key Findings: In 26 patients with mycotic abdominal
aortic aneurysms, the 30-day mortality was 1 in 13
(7.7%) for open repair (OR) and 0 in 13 (0.0%) for
endovascular aneurysm repair (EVAR). After 1 year,
one additional OR-treated patient died. Five patients
required reintervention in the follow-up period (3
EVAR, 2 OR).

d Take Home Message: Acceptable clinical outcomes
were seen after 1 year follow-up in OR- and EVAR-
treated patients with mycotic abdominal aortic
aneurysm. Depending on the clinical course of the
patient, EVAR may be considered in the manage-
ment of this disease.
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Whether a positive blood culture is required for the diag-
nosis remains a point of discussion.9-12 In the absence of
specific computed tomography (CT) findings and nega-
tive blood cultures, a mycotic aortic aneurysm may still
exist, but may also easily be mistaken for an inflamma-
tory aneurysm. Inflammatory aneurysms usually have
an autoimmune cause, are sterile, and require a different
treatment approach.13

The treatment of a mycotic aneurysms of the abdom-
inal aorta (MAAA) involves surgery and administration
of antibiotics, but the optimal treatment is uncertain.
Open repair (OR) was long regarded as the gold stan-
dard, but at the end of the previous millennium, endo-
vascular aneurysm repair (EVAR) was introduced for
MAAA as possible curative treatment.14 Over the years,
it has shown to be an acceptable and durable treatment
option15,16 although it can still be regarded with skepti-
cism by not resecting the infected area and placing
foreign material inside the MAAA.
Owing to the rarity of the disease, it is difficult to

perform large-scale studies with sufficient statistical
power. Most of the previous studies were from a single
center and had a heterogeneous study population. The
scarcity in reliable data leads to local differences in the
approach and treatment of MAAA.
This study describes the experience of MAAA treatment

in The Netherlands, based on the Dutch Surgical Aneu-
rysm Audit (DSAA) data from 2016. The primary aim is
to assess the 30-day and 1-year mortality and morbidity
of patients with MAAA treated with OR or EVAR. In addi-
tion this study evaluated the incidence of MAAA, the
rationale for choosing OR or EVAR and the duration of
postoperative antibiotic treatment.

METHODS
Patient and data collection. A retrospective cohort

study was conducted with all 57 centers in The
Netherlands that registered patients in the DSAA in
2016. The DSAA is a quality registration of the Dutch Insti-
tute of Clinical Auditing. This nationwide registration for
aneurysms aims to improve the quality of aneurysm sur-
gery.17 The initial DSAA registration consists of the
following parameters: patient characteristics and
comorbidities, aneurysm characteristics, laboratory re-
sults, surgical intervention details, complications, and
postoperative course (ie, treatment outcomes through
30 days postoperative). Postoperative morbidity was
determined by the need for reoperations and the num-
ber of readmissions to the hospital.
Our inclusion process consisted of two steps, that is, (1)

selecting potential patients who could possibly have a
MAAA from the DSAA database and (2) eligibility assess-
ment by a vascular surgeon of each participating center.
For the first step, all 57 hospitals that treat abdominal
aortic aneurysms (AAA) were asked to participate and
share their data of potential patients with MAAA (ie,
AAA registered with an infectious, [auto-]inflammatory
or unknown origin) registered in the DSAA database be-
tween January 1, 2016, and December 31, 2016. Access
was only granted to anonymized patient data in the reg-
istry after obtaining permission from the treating hospi-
tals. Owing to privacy regulations, review of patient
charts for eligibility assessment and additional data
collection could only be done by (a vascular surgeon of)
the participating center itself. Central data monitoring
by the researchers was not possible; data fidelity was
confirmed by every participating center.
To classify an AAA as mycotic, diagnostic criteria that

were most commonly used in the literature and daily
practice, were mostly adopted (ie, clinical presentation
[pain, fever $38�C, sepsis, and/or concomitant infec-
tion], laboratory tests [elevation of inflammatory
markers like C-reactive protein and white blood cells,
and/or positive cultures], and/or specific findings on CT
scan or magnetic resonance imaging [rapid expansion
of the AAA, saccular morphology, multilobular aneu-
rysms/eccentric aneurysms, periaortic gas, and/or peri-
aortic soft tissue mass]). Besides having been classified
as MAAA by (a vascular surgeon of) the participating
center, all included patients in our study must have
received antibiotic treatment other than the periopera-
tive prophylaxis. In The Netherlands, where the policy on
use of antibiotics is quite restrictive for the purpose of
preventing antibiotic resistance, it is likely that patients
received antibiotic treatment before or after the pro-
cedure only when a MAAA was highly suspected. Exclu-
sion criteria were (1) secondarily infected aneurysms (eg,
revisions owing to infected grafts), (2) inflammatory AAA
without antibiotic treatment other than perioperative
antibiotic administration, and (3) infected aneurysms
located elsewhere.
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A self-made questionnaire (see the Appendix, online
only) was used to prospectively acquire additional infor-
mation regarding the preoperative, perioperative, and
postoperative course. More specifically, the following in-
formation was acquired: method of MAAA diagnosis,
cultured pathogens and antibiotic treatment, rationale
for choosing OR or EVAR, type of OR and postoperative
morbidity from 30 days to 1 year.

Data management. Castor EDC (Amsterdam, The
Netherlands) was used as data management software.
Questionnaires were also made and sent with this soft-
ware. All registry data were anonymized and could not
be linked to individual patients by the researchers.
Because these registrations were done in the context
of quality improvement, additional consent from the
patients was not necessary.

Ethics. The study was approved by the local ethical
committee of the HAGA hospital (METCZWH18-018).
The study conforms to the STROBE guideline for cohort
studies.18

Data analysis. Data analysis was performed using SPSS
25 (IBM; Chicago, Ill). Descriptive statistics were used to
describe the mortality and morbidity of the OR and
EVAR approach. Nominal and ordinal variables were re-
ported as frequencies and percentages. Pearson’s c2 or
Fisher’s exact test was used to compare categorical
data, as appropriate. Continuous variables were reported
as means and standard deviations and were compared
using the Mann-Whitney U-test. A P value of less than
.05 was considered as significant.

RESULTS
A total of 3740 patients with an AAA were registered in

the DSAA of 2016 (Fig 1). Only nine centers did not pro-
vide permission within the study period. A total of 47
aneurysms with an infectious or inflammatory pathogen-
esis were identified, treated in 26 hospitals. Twenty-one
cases were excluded after sending the questionnaires,
not meeting the inclusion criteria for MAAA. Eight pa-
tients with MAAA were not classified as infectious in
the DSAA database but appeared to have antibiotic
treatment or positive cultures. With 26 patients included
in the analyses, the observed incidence of MAAA in 2016
was 0.7% among the registered AAA. For the 1-year anal-
ysis, long-term data for three patients could not be
retrieved by the hospitals and were regarded as lost to
follow-up. Therefore, 23 patients were included in the
1-year analysis, 11 patients in the OR group and 12 in the
EVAR group.

Clinical characteristics. The baseline characteristics of
the 26 included patients are displayed in Table I. The
mean age of the OR and EVAR group were 70.7 years
and 67.1 years, respectively. Cardiac history was
unremarkable in three and six patients of the OR and
EVAR group, respectively. One patient in the OR group
had malignancy at time of MAAA diagnosis. The mean
size of all included MAAA were 50.8 mm and 54.8 mm
for the OR and EVAR groups, respectively; most MAAA
were located infrarenal (84.6% in the OR group and
92.3% in the EVAR group).
In the diagnostic process (Table II), a CT angiogram was

used in 61.5% of the OR and 76.9% of the EVAR group.
Preoperative positive cultures were seen in almost half
of the cases of the two treatment groups (OR, 38.5%;
EVAR, 46.2%). Of 26 cases, 16 (61.5%) had positive cultures
when adding the perioperative and postoperative results
of the cultures. In three cases, the clinical presentation
was also determinative for MAAA diagnosis.
Blood cultures showed a large variety of micro-

organisms. An infection with Coxiella burnetti, which
was determined by serology, occurred in two patients.
Infection with Salmonella species (typhymurium and
group D), Staphylococcus species (hominis, capitis, and
epidermidis) and Streptococcus species (agalactiae, san-
guis, and pneumoniae) were seen in four, three, and
three patients, respectively. All aneurysms without posi-
tive cultures were treated with postoperative antibiotics,
although one of these cases was also treated with preop-
erative antibiotics.
Urgent surgery within 72 hours after presentation was

performed in 18 patients (7 OR, 11 EVAR). Within 2 hours
after clinical presentation, four patients were treated
with OR and two patients were treated with EVAR.
Symptomatic aneurysm was the reason for an urgent
(ie, within 72 hours) operation in 92.3% and 63.6% of
the EVAR and OR group, respectively. Approximately
one-third (36.4%) of all OR patients underwent an acute
OR owing to rupture of the aneurysm.
Only 23.1% of all patients treated with OR were anatom-

ically eligible for EVAR; the reasons for not choosing the
other treatment modality were patient comorbidity
(23.1%), condition of the patient (15.4%), and preference
of the operating team (7.7%). In six EVAR treated cases
(46.2%), OR was not chosen because of the preference
of the operating team for endovascular treatment. In
seven cases (53.8%) the reason for not choosing OR was
the poor condition or the many comorbidities of the
patient.

Treatment characteristics. Table III shows the surgical
details of the included patients. The most often per-
formed type of OR was an in situ reconstruction (61.5%).
Two EVAR patients received a spiralvein reconstruction
at a later moment; one of these patients was treated
with EVAR as bridge to spiralvein reconstruction, the
other was unintended.
OR-treated patients were hospitalized for a mean of

20.6 days, of which a mean of 11.8 days spent in the inten-
sive care unit (ICU). For the EVAR treated patients, these



Registered as “inflammatory” or 
“unknown”, n = 29

Refused par cipa on or did not 
provide permission within study 

period. N = 9 centers

Provide permission but did not treat
MAAA. N = 22 centers

Excluded due to no (suspicion of) 
infec ous pathology, n = 21

Aneurysms mee ng inclusion criteria, 
n = 26.

N = 17 centers

1-year follow-up data available, n = 23

Total registered aneurysms DSAA 
2016, n = 3740.
N = 57 centers

Lost to follow-up, n = 3

Cases registered as MAAA
n = 18

Fig 1. Inclusion criteria. DSAA, Dutch Surgical Aneurysm
Audit; MAAA, mycotic aneurysm of the abdominal aorta.
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durations were on average 17.1 days (total) and 0.46 days,
respectively.
All patients received postoperative antibiotic treat-

ment during hospitalization (Fig 2). The duration of
the antibiotic treatment after discharge varied between
6 weeks and ongoing. The postoperative use of antibi-
otics was unknown in five patients (two lost to follow-
up and three no information available). Only one
patient had a persistent ongoing infection with Coxiella
burnetti. This patient and the other two patients with
ongoing antibiotic treatment (hydroxychloroquine,
amoxicillin, clindamycin respectively) were all treated
with EVAR.

Postoperative mortality. One patient of the OR group
died within 30 days after the procedure for an unknown
reason (Table IV). In the EVAR group, no deaths were
observed in the 30-day postoperative time frame. In the
postoperative course between 30 days and 1 year, only
one patient treated with OR died (9.1%).

Postoperative morbidity. A major reintervention within
30 days was required in one patient (7.7%) treated with
OR and one patient (7.7%) treated with EVAR. Minor rein-
terventions were needed for one patient (7.7%) in the OR
group and one (7.7%) in the EVAR group. In total, three
patients (two OR, one EVAR) were readmitted to the
hospital within 30 days.
Four patients in each group were readmitted to the
hospital in the period through 1 year postoperative. In to-
tal, four patients (two OR, two EVAR) received a minor
reintervention. The minor reinterventions in the OR
group (16.7%) were a puncture of abdominal abscess
and percutaneous transluminal angioplasty owing to
occlusion or stenosis of the extra-anatomic bypass. In
the EVAR group the minor reinterventions (18.2%) were
CT puncture of an infected para-aortic hematoma, and
type III endoleak treated by additional endograft place-
ment. One major reintervention (8.3%) was needed for
an EVAR-treated patient (removal of the endoprothesis
and spiralvein reconstruction owing to persisting infec-
tion with Capnocytophaga canimorsus).

DISCUSSION
This nationwide study gives a comprehensive over-

view of the situation regarding MAAA treatment in
the period of 1 year in The Netherlands. Among all
registered AAA, the incidence of MAAA in this study
was 0.7%, which was in concordance with previous
reported incidences of MAAA in Western Europe
(0.6%-2.0%). Of the 13 OR-treated patients, one died
within 30 days and one within 1 year. No mortality
was observed in the EVAR group. In total, four and
five reinterventions were needed in OR- and EVAR-
treated patients, respectively. This is the first study to
provide such overview of MAAA treatment in current
vascular surgical practice.
In the present study, mortality rates are lower than

those reported in previous studies.6,19-21 This difference
could be explained by (technical) innovations in MAAA
care in recent decades. Previous studies have mainly
included patients treated in a period when MAAA care
was not as established as it was in 2016. Moreover, the dif-
ference inmortality rates may also be due to the fact that
patients from previous studies had more comorbidities
than those from our cohort. For example, in a study by
Sörelius et al,19 a main cause of death was cancer among
the selected patients, whereas in our study only a few pa-
tients with MAAA suffered from cancer. Unfortunately,
our database could only analyze cardiac, pulmonary,
and malignancy status; owing to the main purpose of
quality registration, the DSAA database lacked detail on
other comorbidities. Other studies had a longer follow-
up time than the 1 year in our study. The study from
Sörelius et al19 also showed that especially the first year
postoperatively is important for mortality and morbidity.
However, infection related death still occurs in the period
of 1 to 5 years of follow-up.
The present study highlights the complexity and het-

erogeneity in MAAA diagnosis and management. First,
the lack of standardized diagnostic criteria for MAAA22

is also appreciable in our study. To decrease the likeliness
of excluding misregistered MAAA cases, all aneurysms
which were registered as inflammatory or unknown



Table I. Demographic and clinical characteristics of the patients included in the analyses (N ¼ 26)

OR (n ¼ 13) EVAR (n ¼ 13) P value

Age, years 70.7 6 7.3 67.1 6 10.5 .362

Male sex 11 (84.6) 9 (69.2) .64

Cardiac status preoperative .29

No cardiac history 5 (38.5) 6 (46.2)

Use of hypertension medication 3 (23.1) 3 (23.1)

Peripheral edema 3 (23.1) 0 (0.0)

Missing 2 (15.4) 4 (30.8)

Malignancy .54

No 10 (76.9) 12 (92.3)

Actual malignancy 1 (7.7) 0 (0.0)

Curative >5 years 1 (7.7) 1 (7.7)

Curative <5 years 1 (7.7) 0 (0.0)

Pulmonary status preoperative .41

No dyspnea 8 (61.5) 11 (84.6)

Dyspnea of effort 3 (23.1) 1 (7.7)

Unknown 2 (15.4) 1 (7.7)

Preoperative measurements

Systolic pressure 117.1 6 27.7 138.7 6 27.6 .18

Unknown 1 (7.7) 0 (0.0)

Heart rate 94.8 6 19.2 91.9 6 31.1 .31

Unknown 2 (15.4) 0 (0.0)

Creatinine 123.8 6 71.7 85.9 6 25.2 .32

Unknown 1 (7.7) 0 (0.0)

GCS preoperative .18

15 10 (76.9) 13 (100.0)

12-14 1 (7.7) 0 (0.0)

<9 2 (15.4) 0 (0.0)

Aneurysm characteristics

Diameter, millimeters 50.8 6 13.4 54.8 6 10.1 .47

Registered as infectious 10 (76.9) 8 (61.5) .67

Location of the aneurysm .99

Suprarenal 2 (15.4) 1 (7.7)

Infrarenal 11 (84.6) 12 (92.3)

EVAR, Endovascular aneurysm repair; GCS, Glasgow Coma Scale; OR, open repair.
Values are mean 6 standard deviation or number (%).

Journal of Vascular Surgery Dang et al 535

Volume 72, Number 2
etiology were also assessed. Indeed, eight patients with
MAAA (30.8%) were not classified as infectious in the
DSAA database. An important limitation is that no
consensus has been reached yet on whether a positive
blood or aortic tissue culture is necessary for the diag-
nosis. In our study, preoperative positive blood cultures
were obtained in fewer than one-half of the cases. If
adding the positive perioperative and postoperative
obtained cultures, the amount of positive cultures rises
up to more than 60% of the patients, which is in concor-
dance with previous studies.6,23,24 However, even if other
findings are strongly suggestive of a MAAA, blood culture
results can still be negative. Besides, with EVAR treat-
ment the possibility of tissue culture is impeded. A large
proportion of the patients can also have negative cul-
tures owing to difficulties in growing these organisms
after administration of broad-spectrum antibiotics.10,17-19

Second, theclinicalmanagementof patientswithMAAA
is quite heterogeneous in The Netherlands. For example,
surveillance protocols were not harmonized between
different centers and several choices in the clinical
pathway of patients with MAAA (eg, size threshold for
MAAA repair, prosthesis type) were at the discretion of
the treating physician. With regard to therapeutic deci-
sionmaking, our questionnaire showed that the rationale
for choosing an OR depended mainly on anatomical
characteristics of the aneurysm, making it technically
impossible to perform an EVAR (seven cases). However,



Table II. Pretreatment phase (N ¼ 26)

OR (n ¼ 13) EVAR (n ¼ 13) P value

Method of diagnosing MAAAa

Positive cultures preoperative 5 (38.5) 6 (46.2) .99

CT angiogram 8 (61.5) 10 (76.9) .67

Positron emission tomography CT scan 1 (7.7) 2 (15.4) .99

Other 2 (15.4) 3 (23.1) .99

Unknown 2 (15.4) 1 (7.7)

Eligible for other treatment modality 3 (23.1) 10 (76.9) .02

Reason of not choosing other modalitya

Patient comorbidity 3 (23.1) 2 (15.4) .99

Condition of patient 2 (15.4) 5 (38.5) .38

Preference of operating team 1 (7.7) 6 (46.2) .07

Other reason 7 (53.8) 2 (15.4) .10

Unknown 2 (15.4) 1 (7.7)

Urgency of surgery .17

Urgent (<72 hours after presentation) 7 (53.8) 11 (84.6)

Immediate (<2 hours after presentation) 4 (30.8) 2 (15.4)

Elective 2 (15.4) 0 (0.0)

Reason of acute operation .09

Symptomatic aneurysmb 7 (63.6) 12 (92.3)

Rupture 4 (36.4) 1 (7.7)

CT, Computed tomography; EVAR, endovascular aneurysm repair; MAAA, mycotic aneurysm of the abdominal aorta; OR, open repair.
Values are number (%). Significant values (P < .05) are in bold.
aQuestions where multiple answers can be checked.
bRefers to any of a number of symptoms (eg, abdominal pain, tenderness at palpation) that can be attributed to the aneurysm.

536 Dang et al Journal of Vascular Surgery
August 2020
no standardized anatomic criteria for feasibility assess-
ment of repair by EVAR were used. Besides anatomic
aneurysm characteristics, it is important to determine
whichpatientwill benefit fromwhich treatmentmodality.
Our questionnaire mentioned possible relevant factors as
patient condition or comorbidities, but exact details
regarding the decision making process are lacking.
Given these inconsistencies, it is important to stan-

dardize the diagnostic process and decision making in
patients with MAAA. Regarding the diagnostic criteria,
we suggest that a positive blood or aortic tissue culture
may be helpful in the diagnosis of MAAA, but should
not be a requirement. It may be suggested that OR
treated patients should be in good condition, given the
extended postoperative course at the ICU in our study.
Unfortunately, the obtained data are inadequate to cor-
rect for comorbidities and general condition of the pa-
tients. However, because an OR is an invasive surgical
procedure, it is likely that the postoperative course of
OR-treated patients will also be demanding. Therefore,
EVAR may specifically be chosen in patients unfit for
OR with a morphologically suitable MAAA to control
the rupture of the aneurysm and the ongoing sepsis.
Initial EVAR treatment can be regarded as a definitive
solution if the infection is under control. If the infection
persists, EVAR could serve as a bridge to another defini-
tive treatment option, that is, resection of the infected
aneurysm by additional OR. As EVAR have increasingly
successfully been adopted for MAAA treatment in the
past 15 years, we expect that in the future, more patients
with MAAA may be treated in this way.
The optimal antibiotic regime for MAAA also remains

challenging. Early antibiotic treatment can impede the
confirmation of the diagnosis, but it is suggested that pre-
operative administration of antibiotics to control the
infection before surgical intervention gives the best
results.However, selectionbiasmayhave influenced these
results.10,19,25,26 Nevertheless, to enable (considering)
EVAR treatment, it may be important to start with preop-
erative, preferably broad-spectrum antibiotic treatment
because a major drawback of treating patients with
MAAA by EVAR is that antibiotic treatment cannot be
adapted to themicro-organism (obtained from tissue cul-
ture) causing the infection. Postoperatively, we observed a
large variation (6weeks to lifelong treatment) in antibiotic
treatment duration. Previous studies have also reported a
considerable variation in duration of antibiotic treatment,
ranging from 4 weeks to lifelong antibiotics in some
cases.19-21 In our cohort, EVAR-treated patients specifically
tend to use postoperative antibiotics for a longer period,
probably owing to the placement of foreign material in
an infected area, which requires monitoring of the infec-
tion postoperatively and administration of intravenous
antibiotic treatment if necessary. This factor can also



Table III. Surgical characteristics (N ¼ 26)

OR (n ¼ 13) EVAR (n ¼ 13) P value

Performed modality of open repair e

Spiralvein reconstruction 0 (0.0) 2 (16.7)

Extra-anatomic bypass 1 (7.7) 0 (0.0)

Biograft 2 (15.4) 0 (0.0)

In situ reconstruction with synthetic prosthesis 8 (61.5) 0 (0.0)

Unknown 2 (15.4) 0 (0.0)

Perioperative complications .59

No 11 (84.6) 12 (92.3)

Type I endoleak 0 (0.0) 1 (7.7)

Intestine damage 1 (7.7) 0 (0.0)

Other 1 (7.7) 0 (0.0)

Perioperative blood loss, mL <.01

<100 0 (0.0) 7 (53.8)

101-500 3 (23.1) 3 (23.1)

$501 10 (76.9) 0 (0.0)

Missing 0 (0.0) 3 (23.1)

Days on ICU 11.8 6 23.9 0.46 6 1.1 <.01

Missing 1 (7.7) 0 (0.0)

Days of hospitalization 20.6 6 17.4 17.1 6 27.4 .13

Missing 4 (30.8) 0 (0.0)

EVAR, Endovascular aneurysm repair; ICU, intensive care unit; OR, open repair.
Values are number (%) or mean 6 standard deviation. Significant values (P < .05) are in bold.
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explain the comparable hospitalization durations of
EVAR-treated patients compared to OR-treated patients
(17.1 days vs 20.6 days, respectively).
Last, similar to AAA care, which is not centralized in The

Netherlands, patients with MAAA were treated in hospi-
tals throughout the whole country, including in the rela-
tively small peripheral ones. Moreover, the volume of
patients with MAAA per hospital was quite low (mostly
one or two cases per hospital). The discussion of centrali-
zation of AAA treatment indicating that a higher annual
volume improves outcome,27-31 may be even more pro-
nounced in the more complex situation of MAAA cases.
Although mortality rates were already relatively low in
TheNetherlands, there remains room for further improve-
ment with regard to postoperative morbidity (eg, short-
ening the hospitalization duration [for EVAR patients]
and length of ICU stay [for OR patients], or decreasing
the number of reinterventions and readmissions postop-
eratively). Our data showed that centralization is feasible
in terms of transport: in most cases, surgical treatment
was initiated within 72 hours or planned electively, indi-
cating that there would have been enough time to trans-
port the patient to another center.

Strengths and limitations. The main strength of our
study is that we obtained permission of almost all cen-
ters that could have treated patients with MAAA to share
their data, thereby enabling us to provide a comprehen-
sive overview of the Dutch MAAA situation in 2016.
Because reasons for not participating were mainly logis-
tical and privacy-related issues (and thus were not asso-
ciated with study outcomes), bias owing to selective
inclusion was quite unlikely.
A limitation of the study is the retrospective design. We

used data from the DSAA registry, but because this quality
registration mainly serves for auditing purposes, (detailed)
information on patients with MAAA was limited. As a



Table IV. Thirty-day and 1-year outcomes

OR EVAR P value

30-Day outcomes n ¼ 13 n ¼ 13 e

Reinterventions within 30 daysa 2 (15.4) 2 (15.4) .59

Major reintervention 1 (7.7) 1 (7.7)

Minor reintervention 1 (7.7) 1 (7.7)

Missing 1 (7.7) 0 (0.0)

Readmission within 30 days 2 (15.4) 1 (7.7)

30-day mortality 1 (7.7) 0 (0.0) .31

1-Year outcomes n ¼ 11 n ¼ 12

Readmission to 1 year 4 (36.4) 4 (33.3) .99

Reinterventions to 1 year 2 (18.2) 3 (25.0) .99

Major reintervention 0 (0.0) 1 (8.3)

Minor reintervention 2 (18.2) 2 (16.7)

1-Year mortality 1 (9.1) 0 (0.0) .99

EVAR, Endovascular aneurysm repair; OR, open repair.
Value are number (%).
aReinterventions within 30 days for EVAR group: endovascular and open procedure. For OR treated group: relaparotomy and percutaneous
procedure.
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result, we could not analyze all determinants that we
aimed for. Moreover, owing to privacy regulations, re-
searchers were not allowed to review patient charts or
monitor the data personally. Although data fidelity was
confirmed by every vascular surgeon, collecting the data
in such retrospective manner could limit the validity of
our results. Identification of MAAA cases was also difficult,
because some cases were not registered as infectious but
rather as inflammatory or unknown.
Finally, the current number of patients is too low to

make a reliable comparison of the outcomes of OR
and EVAR and to correct for relevant confounders such
as patient comorbidity. Moreover, it was highly imprac-
tical to include data from before 2016 because the path-
ogenesis of the aneurysms was not registered back then.
Data from 2017, 2018, and 2019 have not been made
available yet and therefore could also not be included
in this study. Given these limitations, we consider our cur-
rent study to be exploratory and a starting point for large-
scale prospective studies.

CONCLUSIONS
This is the first observational study to provide an over-

view regarding MAAA treatment in current vascular sur-
gical practice. It shows that MAAA is a rare but
challenging disease, with a large heterogeneity in
patient characteristics and management. Our study
showed acceptable clinical outcomes with OR and
EVAR after 1 year of follow-up. Depending on the
clinical course, EVAR may be considered in the man-
agement of this disease. Future directions should focus
on the long term follow-up of EVAR as potential cura-
tive treatment, diagnostic criteria for MAAA, and
centralization.
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