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Introduction

  In 1885 Osler, first used the term mycotic aneurysm to 
describe an infected aneurysm in a patient with subacute 
bacterial endocarditis.1) This term may create consider-
able confusion, since mycotic is typically used to define 
true fungal infections or infections related with endo-
carditis. Mycotic aneurysm is used for all extracardiac or 
intracardiac aneurysms caused by bacterial and fungal 
infections. The term infected aneurysm is clarified and 
more appropriate, since few infections involve fungi.

Infected aortic aneurysms are rare; they represent only 
1– 2.6% of all aortic aneurysms.2–4) For the clinician, ear-
ly diagnosis is the cornerstone of effective treatment. 
Without medical or surgical management, catastrophic 
hemorrhage or uncontrolled sepsis may occur. However, 
symptomatology is frequently nonspecific during the 
early stages, so a high index of suspicion is required to 
make the diagnosis.

Pathogenesis 

The source of infection in infected aneurysms is either 
intravascular or extravascular.

1. Primary infected aneurysms arise from adjacent 
surrounding areas of infection or trauma, either from di-
rect contact or via lymphatic spread. Pre-existing abdom-

inal aortic aneurysms or post-traumatic false aneurysms 
may become secondarily infected.2) Alternatively, a local 
extravascular infectious focus, such as osteomyelitis of 
the spinal vertebrae, may penetrate directly or via lym-
phatic tissue into the aorta, leading to necrosis of the 
wall, false aneurysm formation and subsequent rup-
ture.5–7)

2. Secondary infected aneurysms arise from septic 
embolization, either through the vasa vasorum or intralu-
minally into areas of abnormal intima, such as preexist-
ing aneurysms or atherosclerotic plaques. Organisms may 
colonise the intact vascular wall through the vasa vaso-
rum, where the arterial wall is weakened by a local sup-
purative process which results in Microbial arteritis with 
aneurysm formation.3, 8, 9)

Pathology

The bacteriology of infected aneurysms has signifi-
cantly changed since the original description in the 1800s. 
Before the antibiotics era, nearly 90% of infected aneu-
rysms were associated with bacterial endocarditis,8) oc-
curring predominantly in the ascending aorta and arch. 
The bacteria most commonly grown from the walls of 
the infected aneurysms were a reflection of those respon-
sible for bacterial endocarditis and included Streptococ-
cus (viridians and faecalis), Staphylococcus (aureus and 
epidermidis), Haemophilus and Pneumococcus. The in-
troduction and widespread use of antibiotics resulted in a 
sharp decline in the frequency of bacterial endocarditis.8, 9) 
Currently, about 80% of mycotic aneurysms are the result 
of microbial aortitis; 3% are estimated to involve infec-
tion of a preexisting aneurysm. Fungal infections are rare 
which common species are Hitoblastoma capsulatum, 
Candida and Aspergillus.10, 11)

In non-endocarditis bacteremia, the most commonly 
reported site of infected aneurysms was the abdominal 
aorta due to infection of an existing atherosclerotic 
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Anatomical Location  

Infected aneurysms secondary to septic emboli usually 
involve the large muscular and elastic arteries. The aorta 
is the most common site due to the higher incidence of 
underlying atherosclerotic plaques and aneurysms with a 
larger vasa vasorum where infected emboli may dislodge.

Infected aneurysms can affect almost any artery in 
the body. With the advent of invasive monitoring and in-
terventional procedures or as a result of drug misuse, the 
femoral artery has recently become the most common 
location of all infected aneurysms (56%), followed in fre-
quency by the thoracic and abdominal aorta (33%), intra 
or extracranial (5%), innominate (2%), iliac (2%), and 
splanchnic arteries (1%). Amongthe splanchnic arteries, 
the superior mesenteric artery is the most frequently in-
volved, and the hepatic artery is the next most common-
site.27)

Clinical Presentation

There is no distinct clinical presentation for infected 
aortic aneurysms. Presentation varies from an individual 
patient to another depending on several factors including 
the underlying etiology, type of organism, duration of in-
fection, and the anatomic location of the aneurysm. Clas-
sic manifestations include abdominal pain, fever, and a 
pulsatile abdominal mass. The presence of bacterial en-
docarditis or other bacterial illness, rheumatic fever, a re-
cent operation or arterial catheterization, and lumbar os-
teomyelitis are all risk factors for a subsequent infected 
aneurysm.

Comorbid factors are common, 70% of the patients 
had at least one comorbid condition associated with some 
degree of Immunosuppressive disorders.20) Comorbid 
conditions included diabetes (33%), chronic renal failure 
(30%), chronic steroid use (16%), and chronic disease 
(16%), such as rheumatoid arthritis, non-Hodgkin lym-
phoma, multiple myeloma, neutropenia, and monoclonal 
gammopathy.

History of a recent febrile gastrointestinal illness is 
common. Other distant sources for infection include 
pneumonia, urinary tract sepsis, osteomyelitis and soft 
tissue infection. Up to 20% of cases present with frank 
aneurysm rupture. The first presentation may be of gas-
trointestinal bleeding from primary aortoenteric fistula 
(10%). Rupture into the vena cava (aortocaval fistula) is a 
less common presentation (4%).11, 20, 28, 29)

plaque.12) Salmonella species in particular have a strong 
predilection to infect damaged aortic intima and abnor-
mal arterial intima, especially arteries harboring athero-
sclerotic plaque.13, 14) In some series, Salmonella was re-
sponsible for more than 50% of infected aneurysms.13) 
The virulence species, Salmonella typhimurium and Sal-
monella chloeraesuis, account for over 50% of the re-
ported cases of Salmonella infected aneurysms.14, 15) Oth-
er common organisms are Streptococcus, Bacteroides, 
Escherichia coli, and Staphylococcus aureus.16–20)

The changes in bacterial species and arterial location 
of infected aneurysms are the result of the increasing in-
cidence of arterial catheterizations, as well as injecting 
drug users. Predominance of gram positive bacteria such 
as Staphylococcus and Streptococcus are isolated, gram 
negative species such as Escherichia coli and Pseudomo-
nas are also seen.16) Intact arterial intima is highly resis-
tant to infection. Therefore, areas of intimal disruption 
are preferred sites for bacterial seeding, and infected an-
eurysms are seen in areas of atherosclerotic plaques, bi-
furcations, trauma, and immediately distal to coarcta-
tions.13, 21) Staphylococcal species are usually associated 
with infected false aneurysms secondary to trauma and 
also being the major organism seen in vertebral osteomy-
elitis.7)

Acquired immunosuppression, such as in renal failure 
patients on dialysis or those treated with steroids, may 
predispose to the development of infected aneurysms, es-
pecially by uncommon organisms.22, 23) Methicillin-resis-
tant Staphlococcus aureus (MRSA) is rapidly emerging 
as a common pathogen, especially in those patients who 
are immunocompromised, have prolonged hospital stay, 
or undergo invasive procedures.12, 16, 22) Zoonosis infec-
tions from organisms such as Streptococcus suis, Yersinia 
pseudotuberculosis, and Pasteurella multocida are caus-
ative agents of infected aneurysms.24–26)

The virulence of the infecting organism may also de-
termine outcome. In a small study showed that four or-
ganisms, notably Salmonella species, Bacteroides fragi-
lis, Staphylococcus aureus, and Pseudomonas aerugino-
sa, accounted for all the deaths, ruptures, and suprarenal 
aneurysm infections which occurred in 10 (77%) out of 
13 patients.9, 13–15) Characterisation of the different bacte-
ria is important, since gram-negative sepsis results in 
higher rupture rates than infection with gram-positive 
bacteria.9)
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Diagnosis

The diagnosis of infected aneurysms can be very dif-
ficult. Fever and leukocytosis are usually the first find-
ings in 70% of cases,30) with a palpable aneurysm or back 
pain constituting the third part of a classic triad of symp-
toms. The presence of leukocytosis, elevated sedimenta-
tion rate and positive blood cultures strengthens the sur-
geon’s suspicion of the diagnosis of infected aneurysm. 
The symptoms of sepsis may be discrete and may easily 
go unrecognized, especially in the early stages. The onset 
of both mycotic aneurysm and osteomyelitis can be in-
sidious. Pain and fever may be the only presenting symp-
toms. Untreated osteomyelitis of the spine may extend 
anteriorly into the soft tissues, as in our patient, or it may 
extend posteriorly into the vertebral canal and result in a 
chronic epidural abscess.6, 7) Arterial blood culture is nec-
essary. If blood cultures are positive, they are helpful to 
signal the need for the specific antibiotic therapy. How-
ever blood cultures, are negative in up to 50% of cases, 
negative blood cultures do not rule out the presence of an 
infected aneurysm. Gram stains and cultures obtained 
from the aneurysm wall at the time of surgery are also 
not uniformly positive. The most commonly isolated or-
ganisms include Salmonella species, Streptococcus, 
Bacteroides, Escherichia coli, and Staphylococcus aureus. 
Generally, gram negative infections tend to be more viru-
lent than gram positive infections.15)

Ultrasonography, computed tomography (CT) includ-
ing spiral CT, and magnetic resonance imaging (MRI) 
can all be helpful. CT scan is the cornerstone in estab-
lishing the diagnosis of infected aortic aneurysm. Classic 
findings include periaortic edema fluid with thickening 
of the aneurysm wall and infiltration of the periaortic 
tissues. The presence of gas bubbles, seen with certain 
bacterial infections, is diagnostic. CT scan also defines 
the location and morphology of the aneurysm. While any 
part of the aorta can be involved, there is a tendency for 
infected aneurysms to involve the paravisceral segment 
of the aorta.31) Three-dimensional reconstruction shows 
infected aneurysms to be more commonly saccular than 
fusiform (80% vs 20%). Furthermore, CT scan offers an 
opportunity to obtain by puncture periaortic fluid for 
gram staining and culture preoperatively.10) MRI provides 
essentially similar findings to those obtained by CT scan, 
probably with better definition of the periaortic soft tis-
sue reaction.32) Radioisotope imaging techniques using 
indium111-labeled leukocytes or a gallium-67 citrate scan 
have traditionally been used to confirm the presence of 

an infective process. Results however are not always con-
clusive and are not popular for clinical use in emergency 
cases.33) Angiography, while not necessary in all cases, is 
useful in defining the accurate location and shape of the 
aneurysm, especially in the splanchnic artery aneu-
rysm.34) More importantly, involvement of the visceral 
vessels is determined providing essential preoperative 
data for planning the appropriate form of reconstruction. 
It is important to note that the operative findings, namely 
infection and suppuration of the periaortic tis- sues, re-
main the ultimate diagnostic criteria even in the absence 
of positive cultures or classic imaging findings.

Transesophageal echocardiography may also assist in 
the early diagnosis of infected aneurysms. Because of the 
close proximity of the esophagus to the aorta, it provides 
detailed views of the descending aorta. Color Doppler 
echocardiography can demonstrate the flow from the 
aorta into the abscess cavity.35)

Management Strategies

Management of infected aneurysms is a challenging 
clinical problem for the vascular surgeon. Infected aneu-
rysms continue to be associated with both high morbidity 
and high mortality. They are frequently associated with 
complicating factors, such as late or delay in diagnosis, 
rupture, sepsis, and paravisceral location, infected aneu-
rysms tend to occur in immunocompromised patients 
that result in increased morbidity and mortality.1, 2) The 
fundamental aspects of treatment are control or eradica-
tion of infection and establishment of arterial reconstruc-
tion.

Control of Infection

1. Antibiotics
Broad-spectrum antibiotics should be started pre-op-

eratively after taking blood cultures. Antibiotics should 
not be used as the sole line of therapy as infected aneu-
rysms have a definite risk of rupture and should be con-
tinued until the source of bacteremia is removed.38) The 
duration of antibiotic therapy is not well established but 
most authors recommend a minimum of 6 weeks intrave-
nously and orally for another 6 weeks.30, 38) The antibiot-
ics can be discontinued if there is no clinical, hematologi-
cal or radiological evidence of ongoing sepsis. Longer 
durations and even life-long antibiotic-therapy have been 
recommended by others.3, 19, 39, 40) Some authors believe 
that patients with a prosthetic reconstruction should con-
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tinue on low-dose antibiotics for life. However, the ad-
vantage of a more prolonged therapy has not been con-
firmed.
2. Debridement

All infected arterial tissue and necrotic tissue must be 
debrided until reach the point where the tissue is healthy 
to prevent subsequent recurrence of infection and disrup-
tion of the arterial suture line. After debridement the 
whole area should be irrigated with antibiotic solution 
and normal saline.

Establishment of Arterial Reconstruc-
tion

The principles of surgical treatment for infected aneu-
rysm include: control of hemorrhage, debridement of in-
fected tissue, and arterial reconstruction of vital arteries 
through uninfected tissue planes.

Surgical managements include extra-anatomical by-
pass followed by aneurysm resection, aneurysm resection 
followed by extra-anatomical bypass, aneurysm resection 
alone or aneurysm resection with in situ reconstruction.
1. Aneurysm resection and debridement

Excision followed by proximal and distal ligation is 
the treatment of choice for the area with good collaterals. 
Monofilament sutures should be used for suturing and li-
gation because of lower risk of recurrent infection. The 
ligated arterial stump should be covered with healthy tis-
sue. In he abdomen, omentum or prevertebral fascia 
should be used; in the groin transposed Sartorius muscle 
is useful for covering the arterial stumps.5)

2. Arterial reconstruction
The virulence of the organism and severity of the ar-

terial infection are more important determinants than 
any single operative procedure or method of arterial re-
construction.12, 15) When there is gross contamination 
from infected aneurysm, excision and extra-anatomical 
bypass is the treatment of choice. The associated mortali-
ty was still high, ranging from 25% to 30%.3, 41, 44) Death 
is usually related to persistent sepsis with multi-organ 
failure. The magnitude and long duration of the opera-
tion especially in shocked and unstable patients is a ma-
jor contributing factor to the perioperative mortality. Dis-
ruption of the aortic stump is reported in about 20% of 
cases.3, 28, 41–44) When contamination is less severe, the 
aorta may be replaced in-situ. Extra-anatomical recon-
struction is not suitable for cases of suprarenal or su-
praceliac aneurysms with visceral artery involvement, in 
situ aortic replacement is necessary.3, 4, 38, 39) There are 

various types of in situ repair describe: cryopreserved 
human arterial or venous allografts, arterial or venous 
homografts, prosthetic grafts, and animal xenografts. 
However, the published data are derived from series with 
a small number of patients and a large number of vari-
ables.

Synthetic Grafts

Review of the literature shows rather poor results from 
direct replacement of infected aneurysms with prosthetic 
grafts. There is an approximately 25% early mortality and 
a similar incidence of aortic sepsis complications and vas-
cular re-interventions. In-situ reconstruction with prosthetic 
graft is associated with 16–20% risk of recurrent infection, 
requiring late extra-anatomical bypass.4, 19, 38, 39, 46) Antibiot-
ic-coated Dacron grafts presented an attractive adjunct. 
Prolonged anti-staphylococcal activity of rifampin-bond-
ed, gelatin impregnated Dacron grafts has been demon-
strated after implantation in the arterial circulation in ex-
perimental and human studies. Infection rates, as well as 
mortality and morbidity rates, are much lower for ri-
fampin-treated grafts than for plain in situ graft replace-
ment.42, 47) Encouraging results have also been reported 
with the use of silver coated polyester grafts.48)

Autologous Tissue

Vein grafts tend to be superior to synthetic grafts as 
they are more resistant to infection. The 5-year primary 
and secondary patency rates for the use of autologous su-
perficial femoropopliteal veins as a conduit for in-situ re-
construction of infected aortic aneurysms were 83% and 
100% respectively, with excellent limb salvage and mini-
mal long term lower extremity venous congestion.49) Op-
erative mortality rates similar to prosthetic graft repair 
with low amputation rates and recurrent infection. The 
use of autogenous material is certainly appealing in these 
cases but the technique has the disadvantage of signifi-
cantly lengthening the procedure by the extra time need-
ed to harvest the deep veins and tailor them to match the 
size of the aorta. This generally requires between one 
and a half to two hours, making the procedure unsuitable 
for shocked or unstable patients. Furthermore, there is al-
ways the concern about post operative leg edema and 
long term venous insufficiency. Advocates of this ap-
proach however report the incidence of this complication 
to be minimal.49, 50)
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Allografts

The allografts may be more resistant to infection be-
cause they allow transfer of antibiotics and immunocom-
petent cells across the wall and also into the perigraft 
space. However, it is not widely practiced however be-
cause of the high cost and the complicated preservation 
procedure required. Furthermore graft deterioration with 
significant dilatation, mural thrombus formation, distal 
stenosis or graft occlusion has been reported in up to 
25% of cases, some of which may be histologically relat-
ed to chronic rejection.51–53)

Endovascular Treatment 

In the recent years with the expanding use of endovas-
cular aortic aneurysm repair (EVAR), the indications of 
the procedure have been extended to include infected an-
eurysms. Endovascular treatment with stent-grafts has 
been introduced as an alternative, with the anticipation 
that lesser surgical trauma, especially in the septic patient 
with considerable co-morbidity, will reduce the risk of 
cardiopulmonary, neurological and renal complications. 
It is becoming a real alternative to open surgery for the 
treatment of mycotic aneurysm involving the descending 
thoracic and abdominal aorta, including penetrating aor-
tic ulcers, and.54–62) This could be a temporising treatment 
prior to definitive open surgical repair, or a therapeutic 
alternative in critically ill patients who may not survive 
open surgery. The potential benefits of endovascular re-

pair include small incisions, minimal aortic cross-clamp-
ing time with reduction in end-organ ischemia, avoidance 
of general anesthesia, full heparinsation, single lung ven-
tilation and cardiopulmonary bypass. Endoluminal repair 
should reduce the length of stay in intensive care units, 
high dependency units and in hospital, with an earlier re-
turn to activities of daily living and consequent improve-
ment in the quality of life.63–66) An additional drainage 
procedure is usually required either via CT guided drain-
age or by open surgical approach (Fig. 1a, 1b).

Fig. 1b	 Aortogram demonstrates satisfactory endoluminal oc-
clusion of the aneurysm with the EVAR stent-graft cov-
ering right internal iliac artery. The patient underwent 
percutaneous drainage of the abscess pocket on the fol-
lowing day.

Fig. 1a	 Aortogram demonstrates a large saccular infected aneurysm of the right in-
ternal iliac artery. Hemoculture results revealed Burkholderia pseudomallei.
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  Persistent infection after EVAR treatment of infected 
aortic aneurysms is closely associated with a poor prog-
nosis. The endoprostheses may become infected so com-
pounding the problem over a greater length of aorta, and 
they may cause rupture of a fragile vessel because of the 
necessary oversizing used to hold the device in place. 
From the results of the analysis, we identified aneurysm 
rupture and fever at operation as the most significant 
variables associated with the occurrence of persistent in-
fection in these patients. When patients present with rup-
ture or have fever, the EVAR method should be consid-
ered as a temporary measure to achieve hemodynamic 
stability.63–67) Additionally, if the fever persists after the 
EVAR, This would be an indication to keep the patient 
on long-term broad-spectrum antibiotics for a long-term 
until a definite surgical treatment is considered. However, 
further multi institutional and registry data are required 
to clarify the long-term outcomes of EVAR and to deter-
mine whether EVAR use in infected aortic aneurysms is 
as effective as or better than standard operation.68)

Conclusion

Infected aneurysms are associated with high morbidi-
ty and mortality. They are frequently associated with 
complicating factors, such as late or delay in diagnosis, 
rupture, sepsis, and paravisceral location, infected aneu-
rysms tend to occur in immunocompromised patients 
that result in increased morbidity and mortality. A high 
index of suspicion is required for early diagnosis. The 
fundamental aspects of treatment are control or eradica-
tion of infection and establishment of arterial reconstruc-
tion. Surgical options should be tailored to individual pa-
tients. Inteventions such as in-situ replacement with anti-
biotic-impregnated grafts and endovascular stenting re-
main unproven in the long term.
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