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Purpose: Infected aneurysm of the aorta and adjacent arteries is rarely occurring and can be fatal without surgical

intervention. Within the medical community, the most efficacious treatment strategy to address infected aortic

aneurysm remains controversial. In this study, we have reviewed our treatment experience with 109 patients.

Methods: We included in our study all consecutive patients treated for primary infected aortic aneurysm at our

facility between 1995 and 2011. Aneurysm-related mortality was defined as the presence of in-hospital and late

mortality related to infection or postoperative complications.

Results: The median patient age was 72 years (range, 35-88), and 87 (80%) were male. Pathogen was isolated in

101 patients, and the most common microorganism identified was non-typhoid Salmonella in 61 (60%), followed

by Staphylococcus aureus in 16 (16%) and Streptococci species in 7 (7%). Eighty-five (78%) patients underwent

surgical treatment. Surgery included open repair with in-situ graft replacement in 77 (71%) and endovascular

repair in 8 (7%). The aneurysm-related mortality rate was 67% in medically treated and 21% in surgically treated

patients, with a median follow-up duration of 31.5 months (range 1-189). Additionally, risk factors for aneurysm-

related mortality included old age, chronic lung disease, psoas muscle abscess, short duration of preoperative

antibiotics, no operation, and probably endovascular repair.

Conclusions: Non-typhoid Salmonella was the most common pathogen found in our study group patients with

infected aortic aneurysm. It appears that prolonged preoperative antibiotic treatment followed by open in-situ

graft replacement remains the preferred and most effective treatment strategy.
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INTRODUCTION

Primary infected aortic aneurysm is a rare and life-

threatening disease,
1-15

and has an extremely high mor-

tality rate without surgery. Several studies have investi-

gated the risk factors for mortality associated with this

disease. Such studies have observed that hospital sur-

vival duration was poor in patients with old age, rup-

tured aneurysm, suprarenal location, extensive infec-

tion, or where aorto-enteric fistula has formed.
1-15

How-

ever, the probity of this information is limited by the

small case numbers involved in these studies, and short

follow-up durations.
1-15

In addition, there was a signifi-

cant number of patients who experienced late mortality

that was related to aneurysm.
1-15

Infected aortic aneurysm is common in Taiwan.
4,5,12-14

We have reported that with timely surgical intervention

and prolonged intravenous antibiotics, surgery with in-

situ graft replacement provides a good outcome.
4,16,17

Here, we sought to review our treatment experience with

109 consecutive patients of primary infected aortic aneu-

rysm and find the specific predictors of aneurysm-related

mortality. This overview herein provided is an update add-
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ing new patients to our previously reported patients.
4,16-22

MATERIALS AND METHODS

Patients

This was a retrospective, observational cohort study

of prospectively collected data. We included 109 con-

secutive patients with primary infected aortic ane-

urysms from 1995 to 2011. National Taiwan University

Hospital is a 2200-bed tertiary care hospital. It serves an

urban population of 2 million, providing both first-line

and tertiary services and facilities. It serves also as a

referral center for other hospitals in the country with a

population of 23 million people. All data were collected

by retrospective chart review. The local institutional

medical ethics committee approved the study and

waived the need for informed consent.

Diagnosis

The diagnosis of infected aortic aneurysm was made

by a combination of clinical evidence of infection, imag-

ing evidence of infected aorta, and/or pathological evi-

dence of inflammation.
4,16-22

We excluded patients with

iatrogenic or traumatic aneurysms. Clinically, infected

aortic aneurysm was usually preceded by infected aorta

or aortitis. Infected aorta was diagnosed with clinical

evidence of infection (fever and leukocytosis) and peri-

aortic soft tissue infiltration demonstrated by either

computed tomography or magnetic resonance imaging.
4

In order to ascertain the responsible micro-organism,

blood and tissue cultures were taken and then repeated

for purposes of confirmation. In patients who under-

went open surgery, the diagnosis of infected aneurysm

was further confirmed by the presence of infection or

frank pus during operation, and the presence of acute

suppurative inflammation and/or aggregation of bacte-

ria upon pathological examination. Tissue culture and

pathological confirmation were not available in patients

without open surgery.

Medical treatment

Intravenous antibiotic was administered once the

diagnosis of infected aortic aneurysm was confirmed,

as previously described.
4,16-22

For patients with Salmo-

nella species infections, intravenous ceftriaxone (1000-

2000 gm Q12h) was used. For patients with non-salmo-

nella infections, the particular antibiotic chosen was

based on culture result and sensitivity test. In patients

with good response to antibiotic treatment (no fever,

no localized pain, and declining white cell count), sur-

gical intervention was considered after the infection was

controlled.

Surgical treatment

The surgical techniques employed and postopera-

tive management undertaken were based on the par-

ticular treatment to address the diagnosed type of in-

fected aortic aneurysm in each case.
4,16-20,22

Open sur-

gical repair consisted of wide debridement of necrotic

tissue, copious saline irrigation, and in-situ repair with a

Dacron graft through either thoracotomy, thoracoab-

dominal incision or midline laparotomy. Since April

2005, we began applying the endovascular repair tech-

nique on patients with infected aortic aneurysms.
22

Once the diagnosis of infected aortic aneurysm

was made, surgical repair was advised in all patients;

the ultimate choice of open or endovascular repair

was mainly based on the surgeon’s preference. Pa-

tients who underwent open or endovascular repair

were unselected and surgery was performed even in

the urgent condition of uncontrolled infection or un-

known pathogen. Since 2007, endovascular repair was

preferred in the majority of cases. However, surgical

intervention was determined to be inappropriate in

some patients because of old age, severe medical co-

morbidities, or simply patient preference.
21

However,

no patients were denied surgery due to the surgeon

factor.

Data collection

Data on age, sex, medical co-morbidities, pathogen,

operation status, location of infection, surgical proce-

dure, and clinical outcome were collected retrospec-

tively from medical records. Immunodeficiency was de-

fined as having acquired human immunodeficiency virus

infection, use of corticosteroid and chemotherapeutic

agents for malignancy or autoimmune diseases, or use

of immunosuppressive agents for organ transplantation.
23

Major postoperative complications included shock, neu-

rologic, pulmonary, infectious, and gastrointestinal com-

plications. The National Death Index, hospital computer-
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ized records, or telephone follow-up were used to verify

the outcomes of patients.

We defined aneurysm-related mortality as the pre-

sence of in-hospital mortality, late mortality related to

the infection, or late mortality caused by major post-

operative complications such as stroke, respiratory fail-

ure and renal failure. Patient mortality which occurred

more than 12 months after operation and was caused

by a diagnosis not related to infected aortic aneurysm

was not considered to be aneurysm-related.
18-22

Follow-

up duration was calculated from the day when the diag-

nosis was made and treatment was initiated to the last

date of follow-up information.

Statistical analysis

Categorical variables were reported as the percent-

age of patients in the subgroup. The distributions of

continuous variables were examined by the Shapiro-

Wilk test. Continuous variables with skewed distribution

were presented as medians with interquartile range.

Comparison between groups was performed using the

Chi-square test, Fisher’s exact test, and the Mann-Whit-

ney test. A p-value below 0.05 was considered signifi-

cant. The actuarial survival curve was plotted using the

Kaplan-Meier method.

RESULTS

Patients

There were 87 males (80%) and 22 females enrolled

in our study, with a median age of 72 years (range,

35-88). Patient characteristics are listed in Table 1. The

medical co-morbidities present in these patients in-

cluded diabetes mellitus in 25 (23%), hypertension in 45

(41%), cerebrovascular disease in 16 (15%), chronic lung

disease in 11 (10%), chronic renal insufficiency in 20

(18%), and immunodeficiency in 17 (16%) patients. At

presentation, 92 (84%) patients were febrile, and 69

(63%) patients had localized pain. Three (3%) patients

presented with shock.

Location of infection

The sites of infection were aortic arch in 14 (13%),

descending thoracic aorta in 24 (22%), suprarenal ab-

dominal aorta in 14 (13%), and infrarenal abdominal

aorta or iliac arteries in 59 (54%) patients (Table 1). Two

patients had multiple infected aortic aneurysms: one in

both the proximal thoracic and the suprarenal abdo-

minal aorta, and another in both the distal thoracic and

the infrarenal abdominal aorta. Imaging studies showed

aortitis in 5 patients, and 104 (95%) patients had forma-

tion of pseudoaneurysm or a saccular aneurysm. Eight

(7%) patients with infrarenal infection had concomitant

psoas muscle abscess.

Pathogen

All but 8 patients had a positive blood or tissue cul-

ture. Of the 101 pathogens isolated, the most common

responsible microorganism was non-typhoid Salmonella

species in 61 (60%), followed by Staphylococcus aureus

in 16 (16%), Streptococci species in 7 (7%), Escherichia

coli in 6 (6%), Klebsiella pneumoniae in 6 (6%), Myco-

bacterium tuberculosis in 4 (4%), and Bacteroides specie

in 1 patient (1%). Of the 61 non-typhoid Salmonella

isolates, 9 (15%) were ciprofloxacin-resistant. Of the 16

Staphylococcus aureus isolates, 8 were oxacillin-resis-

tant (50%).

Hospital outcome

Twenty-four (22%) patients had medical treatment

alone, while 85 (78%) of the patients underwent com-

bined medical treatment and surgical repair (clinical

outcomes are shown in Figure 1). The different types of

surgical interventions included open repair with situ

graft replacement in 77 patients (71%) and endovas-

cular repair in 8 patients (7%). The overall in-hospital

mortality rate was 22% (24/109): 58% (14/24) for me-

dically treated patients, and 12% (10/85) for patients

who underwent surgical repair. The in-hospital mortality

rate was 10% (8/77) for patients who underwent open

repair and 25% (2/8) for patients who underwent endo-

vascular repair.

Of the total 14 in-hospital deaths which occurred in

medically treated patients in our study, 14 patients died

due to aneurysm rupture (100%). The causes of 8 in-

hospital deaths in patients who underwent open repair

were aneurysm rupture in 4 (50%) and persistent infec-

tion in 4 patients (50%). The causes of 2 in-hospital

deaths in patients who underwent endovascular repair

were ischemic bowel disease in 1, and early graft infec-

tion with massive gastrointestinal bleeding in 1 patient.
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The risk factors of in-hospital mortality were old age

in years (median with range: 70, range 59 to 77, versus

80.5, range 75 to 84, p < 0.001 by Mann-Whitney test),

non-Salmonella infection (39% versus 62%, p = 0.04 by

Fisher’s exact test), and no operation (12% versus 58%,

p < 0.001 by Fisher’s exact test).

Aneurysm-related mortality

Eighty-five patients were followed-up through use

of an outpatient clinic, with a median follow-up duration

of 31.5 months (range, 1-189). A total of 10 patients

died of late aneurysm-related causes after subsequent

to hospital discharge discharge (Figure 1).

Of the 10 medically treated patients who passed

from aneurysm-related causes, 2 patients (20%) died of

late aneurysm rupture. Of the 69 patients who under-

went open repair, 6 patients (9%) died of complications

arising during or after surgery, with recurrent infection

in 4 and major postoperative complications in 2 pa-

tients. Of the 6 patients who underwent endovascular

repair, 2 patients (33%) died; one passed due to recur-

rent infection and 1 from major postoperative complica-
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Table 1. Patient data stratified by aneurysm-related mortality: comparison between groups by Chi-square test, Fisher’s exact test,

and Mann-Whitney test

Aneurysm-related mortality Aneurysm-related mortalityAll

patients No Yes p

Surgical

patients No Yes p

Case number 109 75 34 85 67 18

Median age in years (IQR) 72 (61-80) 70 (59-76) 78.5 (69-83) 00.001 71 (61-78) 69 (60-76) 78 (68-83) 0.04

Male gender 87 (80%) 57 (76%) 30 (88%) 0.20 67 (79%) 51 (76%) 16 (89%) 0.24

Co-morbidities

Diabetes mellitus 25 (23%) 17 (23%) 08 (24%) 0.92 18 (21%) 15 (22%) 03 (17%) 0.60

Hypertension 45 (41%) 28 (37%) 17 (50%) 0.21 35 (41%) 25 (37%) 10 (56%) 0.16

Cerebrovascular disease 16 (15%) 10 (13%) 06 (18%) 0.56 13 (15%) 09 (13%) 04 (22%) 0.46

Chronic lung disease 11 (10%) 4 (5%) 07 (21%) 0.03 09 (11%) 4 (6%) 05 (28%) 0.02

Chronic renal insufficiency 20 (18%) 11 (15%) 09 (27%) 0.14 15 (18%) 09 (13%) 06 (33%) 0.05

Immunodeficiency 17 (16%) 12 (16%) 05 (15%) 1.00 12 (14%) 10 (15%) 02 (11%) 1.00

Clinical presentation

Fever 92 (84%) 65 (87%) 27 (79%) 0.33 72 (85%) 57 (85%) 15 (83%) 1.00

Pain 69 (63%) 50 (67%) 19 (56%) 0.28 58 (68%) 46 (69%) 12 (67%) 0.87

Pathogen*

Staphylococcus aureus 16 (16%) 8 (11%) 8 (27%) 0.08 11 (14%) 08 (13%) 03 (18%) 0.69

Non-typhoid Salmonella 61 (60%) 47 (66%) 14 (47%) 0.07 50 (62%) 41 (64%) 09 (53%) 0.40

Ciprofloxacin-sensitive 52 (85%) 42 (89%) 10 (71%) 0.19 42 (52%) 05 (12%) 03 (33%) 0.14

Image findings

Pseudoaneurysm 104 (95%) 72 (96%) 32 (94%) 0.65 84 (99%) 66 (99%) 018 (100%) 1.00

Psoas abscess 8 (7%) 3 (4%) 5 (15%) 0.11 7 (8%) 3 (5%) 04 (22%) 0.03

Location 0.66 0.49

Aortic arch 14 (13%) 10 (13%) 4 (12%) 11 (13%) 08 (12%) 03 (17%)

Descending thoracic 24 (22%) 14 (19%) 10 (29%) 17 (20%) 14 (21%) 03 (17%)

Suprarenal abdominal 14 (13%) 9 (12%) 5 (15%) 9 (11%) 6 (9%) 03 (17%)

Infrarenal abdominal 59 (54%) 44 (59%) 15 (44%) 50 (59%) 41 (61%) 09 (50%)

Suprarenal location 51 (47%) 32 (43%) 19 (56%) 0.20 36 (42%) 27 (40%) 09 (50%) 0.20

Surgery 85 (78%) 67 (89%) 18 (53%) < 0.001

Median duration of preoperative

antibiotic in days (IQR)

8 (2-21) 14 (3-26) 3 (0-7) 00.005

Operation procedure 0.06

Open repair 77 (91%) 63 (94%) 14 (78%)

Endovascular repair 8 (9%) 4 (6%) 04 (22%)

IQR, interquartile range. * Culture-negative in 8 patients.



tion (renal failure). Among all mortal patients, aneu-

rysm-related mortality occurred up to 8 months after

discharge.

After combining the in-hospital (n = 24) and late

(n = 10) mortalities, a total of 34 (31%) patients died

of aneurysm-related mortality: 67% (16/24) in medi-

cally treated patients, 18% (14/77) in patients who un-

derwent open repair and 50% (4/8) in patients who

underwent endovascular repair. Aneurysm rupture

(59%) and persistent or recurrent infection (38%) re-

mained the major causes of death. The Kaplan-Meier

survival curves in 3 treatment groups were plotted in

Figure 2.

For all of the patients in our study, patients with

aneurysm-related mortality were older in age, and had

a higher incidence of chronic lung disease, psoas muscle

abscess, and no operation. Patient data stratified by

aneurysm-related mortality are shown in Table 1. For

patients who underwent surgical repair, patients with

aneurysm-related mortality were older in age, and had a

higher incidence of chronic lung disease, psoas muscle

abscess, and short duration of preoperative antibiotic

treatment. Open repair was associated with a higher

rate of survival than endovascular repair, with a border-

line statistical significance (p = 0.06 by Fisher’s exact

test).

DISCUSSION

In this study, we investigated the predictive factors

of early and late mortality in patients with primary in-

fected aortic aneurysms. The in-hospital mortality was

found to be 22% in the total cohort and 12% in patients

who underwent surgical repair. For patients who passed

due to aneurysm-related causes, the mortality rate was

31% in the total cohort, 67% (16/24) in medically treated

patients, and 21% in patients who underwent surgical
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Figure 1. Clinical outcomes of 109 patients with primary infected aortic aneurysms.

Figure 2. Infected aortic aneurysm: Kaplan-Meier survival curves of

medically treated patients, patients who underwent open repair and

patients who underwent endovascular repair.



repair. In this study, we found that there was a signifi-

cantly high risk of mortality in patients with old age,

chronic lung disease, psoas muscle abscess, no opera-

tion and (probably) endovascular repair.

Infected aortic aneurysms are rare and account for

only 0.7% to 1.3% of all aortic aneurysms.
2,3

Medical

treatment alone is insufficient in most cases because of

the high risk of aneurysm rupture.
21,24

The recommended

treatment policy is open repair including surgical re-

section of the infected aorta, extensive debridement of

infected tissue, and aortic reconstruction with either

in-situ graft or extra-anatomic bypass. In the literature,

the reported data assessing risk factors for surgery is

minimal.
1-15

This study is the first and the largest case

series to date to assess the risk factors for early and late

mortality.

Location of infection

In this study, the suprarenal location of infection

was not associated with mortality. Although the surgical

mortality risk was traditionally thought to be low in

patients with infrarenal abdominal infection,
3,12

the

survival advantage was countered by the fact that the

association of psoas muscle abscess and ciprofloxacin

resistance in infrarenal infection was not rare. We have

reported that the presence of psoas muscle abscess and

infection caused by ciprofloxacin-resistant Salmonella

was associated with poor outcome.
19,25

Psoas muscle abscess

Psoas muscle abscess is uncommon. It can be di-

vided into two groups: primary or secondary. In Taiwan,

the most common etiological source of secondary psoas

muscle abscess was urinary tract infection caused by an

enteric micro-organism.
26

We have demonstrated that

psoas muscle abscess was associated with high inci-

dence of emergency operation, prosthetic graft infec-

tion, in-hospital mortality and aneurysm-related mor-

tality in infected aortic aneurysms.
19

The results of

medical treatment for psoas muscle abscess have been

dismal, with an extremely high mortality rate (44%)

even with aggressive drainage.
26

In this study, the aneu-

rysm-related mortality rate of 57% in patients with asso-

ciated psoas muscle abscess was very close to the mor-

tality rate in patients with primary psoas muscle ab-

scess.
26

In this study, psoas muscle abscess was iden-

tified as one of the major risk factors for aneurysm-

related mortality in patients with infected aortic an-

eurysm. Therefore, careful preoperative evaluation

using imaging studies to ascertain the presence of psoas

muscle abscess is of paramount importance for risk

stratification before treatment.

Endovascular repair

Endovascular repair for degenerative aortic aneurysms

is well established, but its role in patients with infected

aortic aneurysms remains controversial. There are an

increasing number of reports associated with endo-

vascular repair of thoracic and abdominal infected aortic

aneurysms.
27-32

The majority of reports with promising

results were from small case series and early follow-up

data.
27-32

Endovascular repair was performed in selected

patients.
30,31

However, major concerns still remained

because of the lack of long-term follow-up data and lin-

gering doubt about stent graft placement in an infected

bed. Several reports have described a high incidence of

recurrent infection and late mortality after endovascular

repair.
22,27-29,32

Recurrent sepsis and death could occur

up to 7 years after a successful endovascular repair.
28

In this study, we reported 8 unselected patients who

underwent endovascular repair. The in-hospital mor-

tality rate of 25% and the aneurysm-related mortality

rate of 50% were not satisfactory. The role and efficacy

of endovascular repair in infected aortic aneurysms re-

mains unclear. Because a prospective study comparing

endovascular or open repair in a rare disease seems

implausible, open repair remains a preferred and dura-

ble treatment strategy in patients with infected aortic

aneurysms.

Study limitation

There were several limitations in this study. First,

this study was retrospective and patient selection bias

existed. Because of the nature of a retrospective study,

there was no consistent approach applied to these pa-

tients and the duration of preoperative antibiotic use

was also variable. It could very well be that patients

with severe conditions might just decline surgical inter-

vention. Second, the median follow-up duration of 31.5

months was not long enough to identify all cases of late

aneurysm-related mortality, especially for patients who

underwent endovascular repair. Third, the number of
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patients who underwent endovascular repair was small

and limited our ability to reach a statistically meaningful

conclusion. Therefore, an extended-period and multi-

institutional study comparing the outcome of open and

endovascular repair would be recommended.

CONCLUSIONS

Non-typhoid Salmonella was the most common

pathogen found in our study of patients with infected

aortic aneurysm. A further review of available medical

courses of treatment suggests that prolonged preopera-

tive antibiotic treatment followed by open in-situ graft

replacement remains a preferred and durable treatment

strategy.
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