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P
rimary and secondary aortic infections are a major 
challenge to both the patient and the interventional-
ist. Endovascular treatment for aortic infections has 
long been met with skepticism; however, new data 

indicate that endovascular aneurysm repair (EVAR) can 
play an important role in treatment, either as a primary and 
durable solution or as a life-saving bridge in cases in which 
there is acute bleeding. This article reviews the role of EVAR 
in primary aortic infection, graft infection with concurrent 
sepsis, and aortoduodenal fistulas and discusses EVAR as 
bridge versus a permanent solution. 

PRIMARY AORTIC INFECTION  
A primary aortic infection resulting 

in aneurysm formation is also known as 
a mycotic aortic aneurysm (MAA). The 
infection starts in the aortic endothelium 
by blood-borne bacteria. Within days, deg-
radation of the intimal and medial layers 
may occur, resulting in the development of 
an aneurysm.1,2 MAAs are rare in Western 
countries, with an estimated incidence of 
0.6% to 2% of all aortic aneurysms; how-
ever, an incidence rate of up to 13% has 
been reported in Taiwan.3-5 MAAs have a 
tendency to grow rapidly and have a high 
risk of rupture, and patients often have 
pain and severe comorbidities such as 
immunodeficiency and coexisting septic 
conditions.4,6-8 The most frequent patho-
gens are Salmonella sp, Streptococcus sp, and 
Staphylococcus sp.4,7-9 

There is no consensus on the diagnostic criteria for aneu-
rysms due to infection. Currently, the most used diagnostic 
workup for MAA is syndromic and based on different 
combinations of the following criteria: (1) clinical presenta-
tion (ie, pain, fever, circulatory and/or septic shock, pres-
ence of concomitant infection, and/or immunosuppressive 
states), (2) laboratory findings (ie, increased inflammatory 
parameters such as C-reactive protein [CRP], leukocytosis, 
and/or positive culture), (3) findings on CT or MRI (ie, sac-
cular, eccentric, or multilobular aneurysm with periaortic 
mass and/or gas, and rapid aortic expansion/rupture), and 
(4) intraoperative findings. 
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Figure 1.  CTA showing a MAA in the distal descending aorta, before and after 

thoracic endovascular aortic repair. 
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Treatment of MAAs consists of antibiotic therapy com-
bined with surgery, either by open surgical repair (OSR) or 
EVAR. OSR has been considered the gold standard, despite 
a lack of evidence supporting its superiority compared with 
EVAR. OSR includes resection of the aneurysm and the 
infected tissue, followed by revascularization, either by in 
situ reconstruction or extra-anatomic bypass, which is partly 
dependent on localization of the aneurysm. Extra-anatomic 
bypass might be used in infrarenal MAAs but has been 
associated with complications such as aortic stump blow-
out and graft occlusion. Most modern research describes 
the use of in situ grafting. There is no evidence comparing 
graft materials for treating MAAs; however, most data have 
evaluated synthetic grafts and have demonstrated fairly 
good results. Use of autograft material, such as femoropop-
liteal veins as a conduit, also known as neoaortoiliac system 
(NAIS), is appealing because of the supposed superior 

resistance to infection; however, it is time consuming and 
may add to patient morbidity. The use of cryopreserved 
homografts as a conduit for MAAs has only been reported 
in a few cases.

EVAR offers a minimally invasive surgical solution in the 
elderly, comorbid septic patient with an anatomically chal-
lenging aneurysm (Figure 1). Concerns about not resecting 
the infected tissue, including the aneurysm itself, and the 
risk of recurrent/persistent infection have been expressed, 
and consequently, treatment with EVAR was initially regard-
ed with skepticism. There is no randomized controlled trial 
comparing OSR and EVAR for MAA, but the two largest 
published studies of MAA patients to date demonstrate a 
clear time trend toward a preferred endovascular approach 
to treatment rather than OSR,4 and today, EVAR is consid-
ered an equal if not superior option over OSR for treating 
MAAs.4,7,8

Figure 2.  MAGIC’s proposed definition of suspected and diagnosed AGI. AGI is suspected in a patient with any isolated major 

criterion or minor criteria from two of the three categories: clinical/surgical, radiologic, or laboratory. AGI is diagnosed in the 

presence of a single major criterion, plus any other criterion (major or minor) from another category. Note: Where microbiologic 

investigations identify potential “contaminant” organisms (ie, coagulase-negative staphylococci, propionibacteria, corynebacte-

ria, and other skin commensals) a minimum of (1) two intraoperative specimens, (2) two blood cultures, or (3) one intraoperative 

specimen plus one blood culture must be positive with an indistinguishable organism in each sample based on antibiograms or 

a recognized typing method (ie, pulsed-field electrophoresis). ESR, erythrocyte sedimentation rate; FDG, fluorodeoxyglucose. 

Reproduced with permission from Lyons OT, Baguneid M, Barwick TD, et al. Diagnosis of aortic graft infection: a case definition by 

the management of aortic graft infection collaboration (MAGIC). Eur J Vasc Endovasc Surg. 2016;52:758–763.
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The largest study on MAAs was a Swedish population-
based cohort study consisting of 132 patients with 
abdominal MAAs. In that cohort, OSR and EVAR were 
performed in 62 and 70 patients, respectively.4 Overall 
survival was 86%, 79%, 59%, and 39% at 3 months and 1, 5, 
and 10 years, respectively. Survival was significantly lower for 
OSR compared with EVAR at 3 months (74.2% vs 95.7%) 
and at 1 year (72.5% vs 83.9%); data were confirmed by a 
propensity score–weighted analysis. There was no differ-
ence in long-term survival or incidence of infection-related 
complications or frequency of reoperation between the 
two groups. A retrospective European multicenter study 

including 123 patients treated with EVAR for MAAs in 
the abdominal and thoracic aorta demonstrated that 
EVAR was feasible and durable treatment option for most 
MAA patients. Survival was 91%, 75%, 55%, and 41% after 
1 month and 1, 5, and 10 years, respectively.7 

Among all treated MAAs, 20% develop infection-related 
complications such as sepsis, graft infections, recurrent 
MAAs, or aortoenteric fistulas (AEFs), regardless of surgical 
approach, with most occurring during the first year after 
surgery.4,7,8 Postoperatively, MAA patients treated with 
EVAR should be followed closely with clinical follow-up 
that includes laboratory testing and imaging, especially at 
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1 year to detect possible development of infection-related 
complications. As a result, antibiotic treatment should be 
administered for at least 6 to 12 months postoperatively 
and possibly lifelong.

SEPTIC PATIENT WITH GRAFT INFECTION 
Although aortic graft infections (AGIs) represent a dif-

ficult situation for the interventionalist, a patient presenting 
with concurrent sepsis poses an even greater challenge. By 
virtue of the Sepsis-3 guidelines, sepsis is currently defined 
as a life-threatening organ dysfunction caused by a dysregu-
lated host response to infection.10 Although studies have 
shown that the addition of sepsis or septic shock among 
patients undergoing surgery for AGI increases in-hospital 
mortality, there is a lack of stringent definition and severity 
grading.11,12

Once presented with a septic patient who has an AGI, 
one of the major questions is that of early surgical inter-
vention (if suitable) versus surgical delay during antibiotic 
administration, as well as pulmonary and circulatory resus-
citation while waiting for the organ dysfunction to diminish. 
Ongoing bacteremia during surgery likely increases the risk 
of recurrent graft infection and concurrent sepsis, which 
greatly increases the perioperative morbidity and mortality 
in patients undergoing major surgery.13,14 However, in the 
AGI patient, a lack of early source control may contribute to 
conservative treatment failure, septic shock, and increased 
mortality. Due to the lack of randomized studies and the 
selection bias in retrospective studies where surgical delay 
was favored in stable patients, no conclusions can be drawn 
about the optimal strategy. Instead, the absence of cur-
rent evidence highlights the need for a multidisciplinary 
approach and decision-making strategy. 

Not limited to the septic patient, appropriate culture 
samples to guide long-term antibiotic treatment is an 
important factor to reduce the frequency of recurrent AGI 
and infection-related mortality. The literature supports an 
estimated positive culture sample in 60% to 80% of patients 
with AGI.15 Studies on primary MAAs and AGIs have shown 
that the infectious etiology at presentation correlates with 
long-term mortality.11,16 As such, culture samples provide 
risk assessment information and assist in decision-making 
regarding duration of long-term antibiotic treatment. 
Because of this and in light of the Management of Aortic 
Graft Infection Collaboration’s (MAGIC) proposed criteria 
for diagnosis of AGI (Figure 2), we routinely secure blood 
cultures, perioperative tissue cultures, and explanted graft 
cultures, as well as 16s ribosomal RNA analysis of graft mate-
rial.16 Figure 3 illustrates a suggested schematic template for 
microbiologic and surgical management of suspected AGI.

In terms of a definitive treatment strategy for AGIs, OSR 
is the gold standard. This includes complete removal of 

the infected graft, perigraft tissue debridement combined 
with in situ reconstruction as previously described, or 
alternatively, extra-anatomic bypass. Both perigraft debride-
ment and extra-anatomic bypass are feasible options with 
similar perioperative mortality rates ranging from 10% to 
50%, depending on patient selection, presence of rupture/
anastomosis dehiscence, AEF, and sepsis.11,17,18 It is likely that 
long-term durability and freedom from new graft infection 
favor in situ reconstruction, although an extra-anatomic 
reconstruction is more suitable in the elderly and frailer AGI 
patient cohorts.19 

Conservative approaches without graft removal are 
described and might be the only feasible strategy in patients 
with a high predicted perioperative mortality or complicated 
suprarenal or thoracic graft anatomy. This often includes 
percutaneous drainage and irrigation of the infectious cavity 
or open perigraft debridement, local antibiotic treatment, as 
well as lifelong antibiotic suppressive strategies.20 Currently, 

Figure 4.  A 74-year-old patient previously treated with EVAR 

for MAA presented with back pain and intermittent fever at 

1-year follow-up, and 18-fluorodeoxyglucose PET/CT showed 

pathologic F18 tracer uptake (arrow) in the old stent graft.
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no studies have compared conservative treatment versus 
graft removal strategies; however, among conservatively 
treated patients, poor long-term outcomes and a 1-year 
mortality of approximately 50% have been reported in 
small retrospective studies,21 indicating that conservative 
treatment should be regarded as a palliative treatment. 
Consensus dictates that AEF/graft enteric fistula (GEF), pseu-
doaneurysm at the site of anastomosis, rupture, and anasto-
mosis dehiscence are contraindications for this approach. 

There are no established guidelines on appropriate 
duration of antibiotic treatment, and retrospective stud-
ies comparing strategies have limitations such as residual 
confounders and competing risks. Furthermore, it is likely 
that multiple factors such as concurrent AEFs, bacteriology, 
level of contamination, and surgical technique contribute 
to recurrent AGI risk and as such should be taken into 
consideration when determining the duration of antibiotic 
regimen. At our institution, we adhere to 6 to 12 months 
of postoperative antibiotic treatment, followed by clinical, 
laboratory, and radiologic reassessment with positron emis-
sion tomography (PET)/CT to determine withdrawal or 
prolonged treatment (Figure 4).

STABLE PATIENT WITH AN AORTODUODENAL 
FISTULA 

The majority of aortoduodenal fistulas are secondary and 
occur after previous aortic surgery with fistulation between 
the aortic graft and the duodenum, typically several years 
after the primary repair. The prevalence of aortoduodenal 
fistulas is reported at 0.5% to 1% after previous aortic sur-
gery.22-24 Unfortunately, this complication occurs at equal 
frequency after both OSR and EVAR. 

The classic presentation of aortoduodenal fistulation, 
with herald bleeding and gastrointestinal bleeding in a 
patient with previous aortic repair, should initiate investi-
gation to rule out presence of a fistulas. In stable patients 
with suspicion of an aortoduodenal fistula, workup includes 
gastroduodenoscopy aiming to visualize the full length of 
the duodenum (Figure 5), CTA to assess for signs of graft 
infection and pseudoaneurysm formation, and sometimes 
functional imaging with PET/CT to verify and evaluate the 
extent of the graft infection. 

If an aortoduodenal fistulation is verified in a stable 
patient with a previous herald bleed, urgent intervention 
is required to reduce the risk of a massive and fatal bleed-
ing episode. Mortality for surgical repair of aortoduodenal 
fistulas is highly independent of surgical strategy used, 
and the risks with the operation are naturally increased in 
patients with hemodynamic instability or ongoing sepsis.25 
Endovascular stent graft coverage of the fistula is an excel-
lent damage control technique to treat ongoing bleeding or 
avoid rebleeding as a bridge to open surgery.

As surgery for aortoduodenal fistulas is rare and highly 
demanding, it is advisable that stable patients are trans-
ferred to high-volume centers prior to definitive repair. 
Final management includes closure of the duodenal fistula, 
resection of the infected graft material, and reconstitution 
of blood flow to the lower body either through extra-ana-
tomic or in situ reconstruction. The gold standard surgical 
technique is to avoid arterial reconstruction in the infected 
field using extra-anatomic reconstruction with axillobifemo-
ral bypass prior to graft resection and aortic stump closure. 
However, as this procedure is associated with the risk of 
aortic stump blowout, NAIS reconstruction in situ using 
femoral veins is advocated by some and may result in lower 
risk for late failure, although in situ reconstruction in deeply 
infected field should still be avoided. 

Enteric repair can be performed with duodenorrhaphy 
with or without omentum interposition and with or with-
out enterostomy or duodenal resection/reconstruction. 
A literature review that included 331 secondary AEF cases 
suggested that the use of omentum interposition and in situ 
vascular reconstruction may be advantageous and that duo-
denal derivation is preferable to the simple closure of the fis-
tula.26 In a recent pooled analysis that included 823 patients, 
in-hospital mortality after repair of AEF was 31%.25 

EVAR AS A BRIDGE VERSUS A PERMANENT 
SOLUTION 

In patients with a ruptured MAA, EVAR has been sug-
gested as a bridge to radical OSR. However, studies dem-
onstrate that most patients either do too well after EVAR 

Figure 5.  Exposed stent graft during gastroscopy in a patient 

with an aortoduodenal fistula. Sörelius K, Sundbom M, 

Mani K, et al. Hybrid treatment of a post-EVAR aortic fistula. 

Vascular. 2014;22(5):385–389. Copyright © 2014. Reprinted 

by permission of SAGE Publications, Ltd.
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to justify a later major open surgical conversion or are too 
fragile to undergo OSR.7

In case of AGI with bleeding or AEF, endovascular stent 
graft coverage of the bleeding site or fistula is an excellent 
technique to treat ongoing bleeding or avoid rebleeding as 
a bridge to open surgery.27 Stent graft coverage of the fistula 
can often be achieved through insertion of a commercially 
available EVAR cuff both in patients with previous OSR and 
EVAR. As definitive management of graft infections requires 
extirpation of all foreign material, and also closure of the 
duodenal fistula in case of AEF, a stent graft cuff without 
suprarenal fixation may be used to facilitate proximal surgi-
cal control above the graft. 

Endovascular sealing of AEF provides time to treat shock, 
local and systemic infection, and comorbidity and creates a 
better situation to perform radical OSR in the future with 
a possibly better outcome. However, the rate of reinfection 
remains high and endovascular sealing of AEF should there-
fore be used as a short bridge to OSR, except for patients 
remaining unfit for OSR even after maximal supportive 
therapy. In those patients, long-term antibiotic treatment 
and lifelong surveillance are mandatory.27 

CONCLUSION 
Evidence suggests that EVAR for a primary infected aortic 

aneurysm is associated with improved short-term out-
comes, without compromising long-term results. EVAR can 
thus be regarded as an acceptable and durable treatment 
alternative to OSR for MAA. EVAR also has an important 
role as a life-saving bridge in acute bleeding states associated 
with AGIs and AEFs, with later OSR, if feasible. n

1.  Wilson SE, Van Wagenen P, Passaro E Jr. Arterial infection. Curr Probl Surg. 1978;15:1-89.
2.  Bandyk DF. Vascular infections. In: Greenfield LJ, editor. Surgery: scientific principles and practice. Philadelphia (PA): 
JB Lippincott & Co.; 1993:1568-1579. 
3.  Reddy DJ, Shepard AD, Evans JR, et al. Management of infected aortoiliac aneurysms. Arch Surg. 1991;126:873-879. 
4.  Sörelius K, Wanhainen A, Furebring M, et al. Nationwide study on the treatment of mycotic abdominal aortic 
aneurysms comparing open and endovascular repair. Circulation. 2016;134:1828-1832.
5.  Luo CY, Ko WC, Lee HC, Yang YJ. Relapsing melioidosis as cause of iliac mycotic aneurysm: an indigenous case in 
Taiwan. J Vasc Surg. 2003;37:882-885.
6.  Gornik HL, Creager MA. Aortitis. Circulation. 2008;117:3039-3051.
7.  Sörelius K, Mani K, Björck M, et al. Endovascular treatment of mycotic aortic aneurysms: a European multicentre 
study. Circulation. 2014;130:2136-2142.
8.  Lin CH, Hsu RB. Primary infected aortic aneurysms: clinical presentation, pathogen, and outcome. Acta Cardiol Sin. 
2014;30:514-521.
9.  Kan CD, Lee HL, Yang YJ. Outcome after endovascular stent graft treatment for mycotic aortic aneurysm: a systematic 
review. J Vasc Surg. 2007;46:906-912.
10.  Singer M, Deutschman CS, Seymour CW, et al. The third international consensus definitions for sepsis and septic 
shock (Sepsis-3). JAMA. 2016;315:801-810.
11.  Ali AT, Modrall JG, Hocking J, et al. Long-term results of the treatment of aortic graft infection by in situ replacement 
with femoral popliteal vein grafts. J Vasc Surg. 2009;50:30-39.
12.  Kieffer E, Gomes D, Chiche L, et al. Allograft replacement for infrarenal aortic graft infection: early and late results in 
179 patients. J Vasc Surg. 2004;39:1009-1017.
13.  Wolters U, Wolf T, Stützer H, Schröder T. ASA classification and perioperative variables as predictors of postoperative 
outcome. Br J Anaesth. 1996;77:217-222.
14.  Moore WS, RossonCT, Hall AD, Thomas AN. Transient bacteremia. A cause of infection in prosthetic vascular grafts. 
Am J Surg. 1969;117:342-343.
15.  Capoccia L, Speziale F, Menna D, et al. Preliminary results from a national enquiry of infection in abdominal aortic 
endovascular repair (registry of infection in EVAR—R.I.EVAR). Ann Vasc Surg. 2016;30:198-204.

16.  Lyons OT, Baguneid M, Barwick TD, et al. Diagnosis of aortic graft infection: a case definition by the management of 
aortic graft infection collaboration (MAGIC). Eur J Vasc Endovasc Surg. 2016;52:758-763.
17.  Seeger JM. Management of patients with prosthetic vascular graft infection. Am Surg. 2000;66:166-177.
18.  Garot M, Delannoy PY, Meyback A, et al. Intra-abdominal aortic graft infection: prognostic factors associated with 
in-hospital mortality. BMC Infect Dis. 2014;14:215. 
19.  O’Connor S, Andrew P, Batt M, Becquemin JP. A systematic review and meta-analysis of treatments for aortic graft 
infection. J Vasc Surg. 2006;44:38-45.
20.  Lawrence PF. Conservative treatment of aortic graft infection. Semin Vasc Surg. 2011;24:199-204. 
21.  Saleem BR, Meerwaldt R, Tielliu IF, et al. Conservative treatment of vascular prosthetic graft infection is associated 
with high mortality. Am J Surg. 2010;200:47-52.
22.  Laser A, Baker N, Rectenwald J, et al. Graft infection after endovascular abdominal aortic aneurysm repair. J Vasc 
Surg. 2011;54:58-63.
23.  Smeds MR, Duncan AA, Harlander-Locke MP, et al. Treatment and outcomes of aortic endograft infection. J Vasc 
Surg. 2016;63:332-340.
24.  Biancari F, Ylönen K, Anttila V, et al. Durability of open repair of infrarenal abdominal aortic aneurysm: a 15-year 
follow-up study. J Vasc Surg. 2002;35:87-93.
25.  Kakkos SK, Bicknell CD, Tsolakis IA, Bergqvist D. Management of secondary aorto-enteric and other abdominal 
arterio-enteric fistulas: a review and pooled data analysis. Eur J Vasc Endovasc Surg. 2016;52:770-786.
26.  Rodrigues dos Santos C, Casaca R, Mendes de Almeida JC, Mendes-Pedro L. Enteric repair in aortoduodenal fistulas: 
a forgotten but often lethal player. Ann Vasc Surg. 2014;28:756-762. 
27.  Danneels MI,Verhagen HJ, Teijink JA, et al. Endovascular repair for aorto-enteric fistula: a bridge too far or a bridge 
to surgery? Eur J Vasc Endovasc Surg. 2006;31:27-33.

Anders Wanhainen, MD, PhD
Professor of Surgery
Chief 
Department of Vascular Surgery
Department of Surgical Sciences
Section of Vascular Surgery
Uppsala University Hospital
Uppsala, Sweden
+46 733 99 39 06; anders.wanhainen@surgsci.uu.se
Disclosures: None.

Karl Sörelius, MD, PhD
Department of Surgical Sciences
Section of Vascular Surgery
Uppsala University
Uppsala, Sweden
Disclosures: None.

Hamid Gavali
PhD student
Department of Surgical Sciences
Section of Vascular Surgery
Uppsala University
Uppsala, Sweden
Disclosures: None.

Kevin Mani, MD, PhD
Associate Professor and Consultant Vascular 
Surgeon
Department of Surgical Sciences
Section of Vascular Surgery
Uppsala University
Uppsala, Sweden
Disclosures: None.


