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ABSTRACT
Purpose: The principle treatment of infectious aortic aneurysm is to remove the infected aneurysm and replace it with Rifampicin-soaked prosthesis by omentopecxy. This study aimed to
clarify the efficacy of long-term antibiotics and subsequent thoracic endovascular aneurysm repair (TEVAR) for infectious thoracic aortic aneurysm.
Methods: Between July 2011 and December 2015, 213 TEVARs were performed at Hiroshima
University Hospital. Six patients (2.8%) had infectious aneurysm and received long-term antibiotic therapy and secondary TEVAR. Long-term antibiotic therapy and subsequent TEVAR is
paradoxical. This study aimed to clarify the timing of TEVAR for infectious thoracic aortic aneurysm.
Results: All patients presented with fever and back pain, and had positive blood cultures; five
patients had significant co-morbidities. Bacteraemia was caused by Methicillin Sensitive Staphylococcus Aureus (MSSA) (2), Streptococcus sanguinis (1), Methicillin Resistant Staphylococcus Aureus
(MRSA) (1), Chryseobacterium meningosepticum (1), and Enterococcus faecalis (1). Blood examination at admission revealed a WBC count ranging from 10,470 to 16,170/μl and CRP ranging from
7.9 to 16.4 mg/dl. Long-term antibiotic therapy was continued until WBC and CRP were within
the normal range. TEVAR was performed emergently in 3 cases and electively in 3 cases. The
time from admission to TEVAR ranged from 7 to 26 days. One stent-graft was deployed in all 6
cases. All patients survived and were followed for an average of 48 months; they were free from
re-infection.
Conclusion: Long-term antibiotics and simple TEVAR may be a feasible treatment for infectious thoracic aortic aneurysms.
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In cases of infectious aneurysm, open surgery
allows for both wide debridement of infected tissue
and extra-anatomical bypass3,4,15). In situ rifampinsoaked grafts, rather than extra-anatomical bypass,
have been shown to reduce the risk of re-infection1);
however, high mortality remains. Thoracic endovascular aneurysm repair (TEVAR) is a minimally
invasive therapy for thoracic aortic aneurysms.
However, the treatment potential of TEVAR for infectious thoracic aneurysm is controversial because
of the risk of prosthesis re-infection and inability
to remove the infected aneurysm5). This paper describes our early experiences with long-term antibiotic therapy and simple TEVAR for infectious
thoracic aortic aneurysm according to the diagnosis of serum C-reactive protein (CRP) and white
blood counts (WBC) and computed tomography
(CT) angiography. We also discuss the feasibility
of long-term antibiotics and simple TEVAR for in-

fectious thoracic aortic aneurysm.
MATERIALS AND METHODS
This retrospective study was approved by the
Institutional Review Board of the Hiroshima University Hospital. The study complied with the
Declaration of Helsinki, and informed consent was
obtained from each patient. Between 2011 and
2015, we performed 213 TEVARs for thoracic and
thoracoabdominal aortic aneurysms. Six of the
213 cases (2.8%) involved thoracic aortic aneurysms with bacteraemia, including 2 impending
ruptured aneurysms, which showed hematoma
around abdominal aortic aneurysm and 4 growing
aneurysms. No patients complained of haemoptysis
or vomiting of blood, which excluded aorto-oesophageal or aorto-bronchial fistulae by CT angiography.
The patients included 5 men and 1 woman. Their
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ages ranged from 64 to 84 years (mean, 74.0 years).
Thoracic aortic aneurysms were located in the distal aortic arch in 3 patients and the descending thoracic aorta in 3 patients. Chief complaints included
high fever (6 patients) and back pain (3 patients).
Preoperative blood cultures revealed bacteraemia
in all six cases. Bacteraemia was caused by
MSSA (2), Streptococcus sanguinis (1), MRSA (1),
Chryseobacterium meningosepticum (1), and Enterococcus faecalis (1). Preoperative blood examination
at admission revealed a WBC count ranging from
10,470 to 16,170/μl (mean, 12,660/μl) and CRP
ranging from 7.1 to 16.4 mg/dl (mean, 10.8 mg/dl).
Comorbidities included autoimmune pancreatitis
with steroid treatment (1), central venous port infection following treatment for oesophageal cancer,
which occurred 1 month prior to TEVAR (1), ileocecal resection due to cancer, which was treated 3
months prior to TEVAR (1), chronic dialysis (1),
and multiple sclerosis (1) (Table 1). The patients
with oesophageal cancer and ileocecal cancer did
not show infectious events before admission. All
patients were treated with intravenous (i.v.) antibiotics after admission until CRP and WBC decreased
to the normal level, but 3 patients underwent emergent TEVAR during i.v. antibiotic therapy. Causes
of emergent TEVAR included doubt of sealed rupture of the aneurysm (1 patient), and two rapidly
growing aneurysms (Table 1). Indication of emergent TEVAR for aneurysmal growth was defined by
rapid growth of the maximum aneurysm diameter
compared with that measured at admission. Elective TEVAR was performed after administration of
i.v. antibiotics when CRP was confirmed to have
decreased and WBC had normalized (3 patients).
Time from admission to TEVAR ranged from 7
days to 26 days (mean, 14.5 days) according to in-

fection control. The therapeutic sequence involves
continuous antibiotic therapy and then TEVAR. If
the aneurysm is truly infected and the diameter of
aneurysm increases rapidly, we think the risk of
rupture is very high and perform emergent TEVAR. If bacteraemia is thought to be resolved by
antibiotic therapy, we select the clearance of infection before deploying TEVAR and first administer
a high dose of antibiotics, and then perform TEVAR. Preoperative blood culture prior to TEVAR
showed resolution of serum bacterium in all cases.
Serial CT angiography every 2 days was performed
to diagnose using the above criteria.
RESULTS
The average time between admission and TEVAR was 14.5 days (range, 7-26 days). Morphologically, CT angiography revealed saccular aneurysm
(SA) in 4 cases and penetrating ulcer (PU) in 2
cases. Three patients underwent early TEVAR
and 3 patients underwent elective TEVAR. Early
TEVAR was performed on the 7th day after admission for a case where sealed rupture of aneurysm
was doubted (Fig. 1a, pre-TEVAR; Fig. 1b, postTEVAR) and for one rapidly growing aneurysm on
day 12 of hospitalization (Fig. 2a, pre-TEVAR; Fig.
2b, post-TEVAR). The patient with sealed ruptured aneurysm presented with back pain and
progressive anaemia. Preoperative blood examination showed a WBC count of 11,010/μl and CRP
level of 7.1 mg/dl. Blood culture was positive for
Streptococcus bacteria. CT angiography before TEVAR revealed a sealed rupture of a descending
thoracic aortic aneurysm with hematoma surrounding the penetrating ulcer (Fig. 1a). The patient received administration of antibiotics for 7

Table 1 Patient characteristics between emergent and elective TEVAR groups
Emergent TEVAR group
M/F Age
1 M
2 M
3 M
Mean

Site

84 distal arch
75 descending
74 descending
78

morphology Bacteria at admission
sac
sac
pu

MSSA
MRSA
Streptococcus sanguinis

WBC at admission
→ before TEVAR
13720 →
8680
16170 → 10500
11010 →
6410
13633 →
8530

CRP at admission
→ before TEVAR
16.4 → 3.0
10.1 → 4.7
7.1 → 3.8
11.2 → 6.2

WBC at admission
→ before TEVAR
12120 → 7180
10470 → 5090
12460 → 5870
11683 → 6047

CRP at admission
→ before TEVAR
7.9 → 1.6
14.4 → 0.9
8.7 → 2.0
10.3 → 1.5

Co-morbidity
autoimmune pancreatitis
esophageal cancer
multiple sclerosis

Elective TEVAR group
M/F
Site
morphology Bacteria at admission
Age
3 M 73 distal arch
sac
MSSA
C. meningoseptium.
4 M 64 descending
pu
Enterococcus faecalis
6 F 79 distal arch
sac
Mean 72
El

Em. Emergency cases, El, elective cases sac, saccular aneurysm, pu, penetrating ulcer
*MSSA, methicillin-sensitive Staphylococcus aureus;
MRSA, methicillin-resistant Staphylococcus aureus
C. meningoseptium., Chryseobacterium meningosepticum
=, no detection

Co-morbidity
colon cancer
=
cerebral infarction
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days until the CRP level was less than 2.0 mg/dl.
Simple TEVAR was performed using GORE-TAG
to cover the descending aorta. Postoperative enhanced CT revealed complete coverage of the lower
descending thoracic aorta (Fig. 1b), and the subsequent clinical course was uneventful. One patient
presented with rapidly growing aneurysms (Fig.
2a, saccular aneurysm) and received early TEVAR
on day 12 of hospitalization (Fig. 2b). This patient
showed rapid aneurysm growth of more than 3
mm in diameter compared with CT at admission
and CRP had decreased less than 3 mg/dl. Serial
enhanced CT angiography was performed every
week in all 6 cases.
We compared bacterial species and blood examinations (WBC count and CRP level) pre- and postoperatively. The patient with sealed rupture

Figure 1-a. Preoperative CT of ruptured aneurysm
of the descending aorta (Case 3)
Preoperative CT demonstrated penetration of the
descending aortic aneurysm with sealed rupture and
hematoma

Figure 2-a. Preoperative CT of the rapidly growing
aortic aneurysm (Case 1)
Preoperative CT demonstrated a rapidly growing
aortic aneurysm.
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showed Streptococcus infection, with a WBC count
of 11,010/μl and CRP level of 7.1 mg/dl preoperatively. After 7 days of antibiotic therapy, the blood
culture showed no Streptococcus bacteria and the
blood examination revealed that WBC count and
CRP level decreased to 6410/μl and 2.0 mg/dl, respectively (Table 1). Another early case showed
MSSA infection. The WBC count of these patients
was 13,700/μl, which decreased to 8,686/μl postantimicrobial therapy (Table 2). Because the CRP
level decrease was significant (CRP reduced from
16.4 mg/dl to 3.0 mg/dl), we performed early TEVAR to prevent aneurysm rupture. Elective cases
showed a significant decrease of WBC count and
CRP level after antimicrobial therapy (mean,
11,683 to 6,047/μl in WBC count, 10.3 to 1.6 mg/dl
in CRP level). After TEVAR, we continued antibi-

Figure 1-b. Postoperative CT after TEVAR of the
sealed ruptured aneurysm of the descending aorta
(Case 3)
Postoperative CT demonstrated stent-graft seal of
the rupture site.

Figure 2-b. Postoperative CT after TEVAR of the
rapidly growing aortic aneurysm (Case 1)
Postoperative CT demonstrated that the stent-graft
completely covered the aneurysm.
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Table 2 Characteristics of procedure (comparison with emergent and elective TEVAR groups)

Emergent TEVAR group
No. Em
1. Em
2. Em
3. Em
Mean

Aneurysm growth
10 th day

3mm at
3mm at 11th day
sealed rupture

Device x Bacteria at
number
TEVAR
C-TAGx1
no
TAG x1
no
TAG x1
no

Days to
TEVAR
10
12
7
9.7

Device x
number
TX2 x1
TX2 x1
TAG x1

Days to
TEVAR
18
19
26
21

Access
rt.FA
rt.FA
rt.FA

Pro. landing AKA cover
Zone2
Th5
Th9

=
Th8
Th12

Hosp. after
TEVAR
34
15
17
22

Result
good
good
good

Elective TEVAR group
No. El

Aneurysm growth
14th

4.
El no growth at
day
5.
El no growth at14th day
3.
El no growth at 21th day
Mean

Bacteria at
TEVAR
no
no
no

Access
rt.FA
lt.FA
abdominal aorta

Pro. landing AKA cover
Zone3
Th6
Zone2

=
Th9
=

Hosp. after
TEVAR
16
31
14
20

Result
good
good
good

*Em, emergency cases; El, elective cases; days to TEVAR, days from admission to TEVAR (Thoracic endovascular aneurysm
repair); rt.FA, right femoral artery; Pro.landing, proximal landing zone; AKA, Adamkiewicz artery; Th, thoracic vertebrae;
EVAR, endovascular aneurysm repair

otic therapy; the final blood examination showed
5,800/μl for WBC count and 0.9 mg/dl for CRP level at discharge. The mean hospital stay was 38
days.
Several types of stent-grafts were used in the 6
cases: GORE-TAG (Gore corp.) in 3 cases, TX2
(Cook corp.) in 2 cases, and C-TAG (Gore corp.) in
1 case. One stent-graft (length, 10 to 20 cm; diameter; 28 to 36 mm) was deployed toward the aneurysm in all 6 cases. The proximal landing zone
ranged from zone 2 to Th9. The artery of Adamkiewicz was identified by CT angiography preoperatively and covered in 3 patients, but no spinal
cord injury was observed. Days to TEVAR were
12 days in the early TEVAR cases and 21 days in
the elective TEVAR cases. There was a significant
difference in days to TEVAR between groups (Table 2). However, postoperative stay was same between groups. All patients survived without any
serious complications. The median post-procedural hospital stay was 22 days (range, 14-34 days).
Intravenous antibiotic treatment was tailored
to the causative organism in all cases, and i.v.
treatment lasted a mean 22 days. Cefazolin was
used for 12 to 30 days in 4 patients. Vancomycin
plus carbapenem was administered for 21 days in
a patient with MRSA infection. Penicillin-G was
used for 30 days in a patient with streptococcal infection. Oral antibiotics (oral penicillin or cefalosporin) were administered throughout treatment.
At a median 48 months of follow-up (range, 26-68
months), all patients were alive with no clinical
sign of re-infection (Table 2).
DISCUSSION
Infectious thoracic aortic aneurysm is among
the most challenging aortic aneurysms to treat.

Blood culture and CT angiography alone cannot
differentiate between infectious aneurysms, and
thoracic aortic aneurysms and bacteraemia. Although PET-CT can be used to differentiate these
entities, it is unavailable for use in Japan. We
have thus grouped both entities under ‘thoracic
aneurysm with bacteraemia’. Because operative
intervention is associated with high rates of morbidity and mortality1,2,8,10,11,14) in infected aneurysms, treatment with broad spectrum antibiotics is
an essential therapy, as well as an early intervention. TEVAR is a less invasive treatment option,
but previous reports have shown mixed results in
patients with infectious aneurysms7,12,17). Early
mortality following TEVAR and late re-infection
have ranged from 0 to 50% and 0 to 100%, respectively1,7,8,10-12,14,17). Part of the reason for the wide
range of results is that these studies included patients with aorto-oesophageal fistulae secondary
to erosion of the aneurysm. Aorto-oesophageal
and aorto-bronchial fistulae are very difficult to
treat by simple TEVAR and are often fatal complications of infectious aneurysms, regardless of the
treatment technique7,12,17). Our study did not include patients with aorto-oesophageal fistulae or
aorto-bronchial fistulae. That is why we observed
100% survival and absence of re-infection. We performed 3 emergent TEVAR and 3 elective TEVAR
procedures according to the patient’s condition. If
the patient showed rapid growth of the aneurysm
as evaluated by serial CT angiography (aneurysmal growth >3 mm compared with the diameter
measured at admission), we performed emergent
TEVAR. If the aneurysm diameter measured by
serial CT angiography was unchanged after admission, we selected antibiotic therapy first until
the clearance of bacteraemia was confirmed. The
extended duration of antibiotic therapy might also
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explain the excellent outcomes we observed1,8,10,11).
Stent-grafts are deployed and maintained in an
infected field 9), and long-term administration of
antibiotics may decrease the risk of re-infection.
Our experience suggests that oral antibiotic treatment should last for at least 6 months to prevent
re-infection and continue indefinitely. We selected
emergency TEVAR cases by establishing sealed
rupture and rapid growth of the aneurysm (>3
mm growth in diameter compared to the diameter
measured in preoperative CT angiography). We
wondered why simple TEVAR and antibiotic therapy could eliminate aneurysm with bacteraemia
without late infection. We suppose it is because
the porosity of the TEVAR graft is large and can
allow permeation of antibiotics between the blood
and infected aneurysm. Thus, the antibiotics can
easily diffuse through the stent-graft wall, reach
the aneurysmal sac, and destroy the microorganisms. Long-term use of antibiotics may also control
infection and prevent late recurrence of infection.
There are several reports of surgical intervention for infectious aneurysms from Southern-eastern Asian countries15,17). Some were performed by
surgical exclusion of the aneurysm and prosthetic
replacement with omental wrapping17). The disease-specific mortality was very high (31.25%) in
infected abdominal aortic aneurysms when conventional surgery was performed13). Endovascular
repair and long-term antibiotics may be feasible for
both infected thoracic and abdominal aortic aneurysms18). Treatment strategies for prosthesis infection has evolved recently, but complete excision of
the infected stent-graft and surrounding tissue is
mandatory once stent-graft infection occurs6). Although antibiotic therapy alone for infectious aneurysm is dangerous due to the risk of rupture, we
think simple TEVAR and antibiotic therapy is feasible for aneurysms with bacteraemia. The timing
of TEVAR for infected aneurysms is controversial.
Infection should be eliminated using antibiotics before TEVA R. However, some patients require
emergent TEVAR because of impending rupture.
Serial CT angiography is useful to determine if the
aneurysm is dangerous. The morphology of the aneurysm (saccular or penetrating ulcer) and the
growth rate of the aneurysm diameter as measured
by CT angiography may indicate the risk of rupture
of the aneurysm. Although the number of our patients was very small, this study suggests a treatment for thoracic aneurysm with bacteraemia using
TEVAR and antibiotic therapy.
We used i.v. antibiotic therapy until the fever resolved and WBC count was normalized. In 3 cases, emergent TEVAR was performed during i.v.
antibiotic therapy. In the other 3 cases, elective
TEVAR was performed after resolution of bacteraemia. Bacteraemia resolved in all 6 cases and we
observed no infection-related complications. While
the incidence of TEVAR infection is rare, it can oc-

cur during the late phase. Once endograft infection
occurs, the treatment should be performed with
complete exclusion of the endograft and surgical replacement of the whole infected aorta6). Long-term
oral antibiotic therapy may reduce the likelihood
of the emergence and spread of multidrug-resistant organisms, which poses a serious threat to
hospitalized individuals. Restricting the use of
one antibiotic often requires a compensatory increase in the use of another antibiotic, which in
turn selects for the emergence of different species
of multidrug-resistant organisms; furthermore,
the potential clinical implications of such interactions remaining largely unexplored16). However,
endograft infection is fatal in TEVAR. Thus, we
continued one antibiotic for at least 6 months.
Fortunately, TEVA R and long-term antibiotic
therapy alone was feasible in our cases. Although
our experience included only 6 patients and was
limited to aortic aneurysms without fistulae to
visceral organs, our strategy may be effective in
limited cases with aortic aneurysms with bacteraemia. Serial CT angiography help select emergent TEVAR or elective TEVAR for the treatment
of aortic aneurysm with bacteraemia.
CONCLUSION
Simple TEVAR and long-term antibiotics effectively treated patients with thoracic aortic aneurysms with bacteraemia. We observed 100% early
and late survival and no re-infection. It is important to perform this strategy when indicated; the
time of TEVAR and antibiotic administration for
infected thoracic aortic aneurysm is also crucial.
Further study is mandatory.
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