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Abstract

Background: Clostridium septicum-infected aortic aneurysm is a fatal and rare disease. We present a fatal case of C.
septicum-infected aortic aneurysm and a pertinent literature review with treatment suggestions for reducing
mortality rates.

Case presentation: A 58-year-old Japanese man with an unremarkable medical history presented with a 3-day
history of mild weakness in both legs, and experienced paraplegia and paresthesia a day before admission. Upon
recognition of signs of an abdominal aortic aneurysm and paraplegia, we suspected an occluded Adamkiewicz
artery and performed a contrast-enhanced computed tomography scan, which revealed an aortic aneurysm with
periaortic gas extending from his chest to his abdomen and both kidneys. Antibiotics were initiated followed by
emergency surgery for source control of the infection. However, owing to his poor condition and septic shock,
aortic repair was not possible. We performed bilateral nephrectomy as a possible source control, after which we
initiated mechanical ventilation, continuous hemodialysis, and hemoperfusion. A culture of the samples taken from
the infected region and four consecutive blood cultures yielded C. septicum. His condition gradually improved
postoperatively; however, on postoperative day 10, massive hemorrhage due to aortic rupture resulted in his death.

Conclusions: In this patient, C. septicum was thought to have entered his blood through a gastrointestinal tumor,
infected the aorta, and spread to his kidneys. However, we were uncertain whether there was an associated
malignancy.

A literature review of C. septicum-related aneurysms revealed the following: 6-month mortality, 79.5%; periaortic gas
present in 92.6% of cases; no standard operative procedure and no guidelines for antimicrobial administration
established; and C. septicum was associated with cancer in 82.5% of cases.

Thus, we advocate for early diagnosis via the identification of periaortic gas, as an aortic aneurysm progresses
rapidly. To reduce the risk of reinfection as well as infection of other sites, there is the need for concurrent surgical
management of the aneurysm and any associated malignancy. We recommend debridement of the infectious
focus and in situ vascular graft with omental coverage. Postoperatively, orally administered antibiotics must be
continued indefinitely (chronic suppression therapy).

We believe that these treatments will decrease mortality due to C. septicum-infected aortic aneurysms.
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Background

Clostridium septicum is an anaerobic, spore-forming,
toxin-producing Gram-positive bacillus with peritrichous
flagella that only accounts for 1.3% of all clostridial in-
fections. However, the sepsis caused by this organism is
severe and has an overall mortality rate of approximately
60% [1]. The clinical relevance of this form of sepsis lies
in its association with gastrointestinal malignancy, with
the most common being adenocarcinoma of the right
colon [2-4]. It is thought that this organism enters the
blood through gastrointestinal tumors and infects the
aorta.

Although C. septicum is a known cause of gas
gangrene, it is a very rare cause of an aortic
aneurysm. Why this organism favors aortic infection
and how clostridial mycotic aneurysms form are not
fully understood. It is thought that ulcerative lesions
of the gastrointestinal tract, especially colon
carcinoma, allow the organism to enter the blood-
stream, followed by seeding of an atheromatous focus
in the aorta [5]. Seeding of the aorta by this organism
can often lead to the rapid development of an
infected aneurysm, which is uniformly fatal in the
absence of surgical intervention [6, 7]. Here we
present a fatal case of C. septicum-infected aortic
aneurysm. To enable the early diagnosis and identification
of effective treatment options, we review cases of C.
septicum-infected aortic aneurysm from the literature.

Case presentation

A 58-year-old Japanese man complained of mild weak-
ness in both legs 3 days prior to hospitalization. He was
admitted to our hospital because he was unable to move
his legs and had lost sensation in both legs 1 day prior
to hospitalization. He had no remarkable medical his-
tory. Although he was lucid, he had a blood pressure of
99/67 mmHg, pulse of 110 beats per minute (bpm),
body temperature of 36.1 °C, respiratory rate of 28
breaths/minute, and paralysis and numbness below the
T11 level. Because we recognized signs of an abdominal
aortic aneurysm and paraplegia on physical examination,
we suspected an occlusion of the artery of Adamkiewicz
and so performed a contrast-enhanced computed tom-
ography (CT) scan. It revealed the formation of an
aneurysm with gas in the aortic wall extending from his
chest to his abdomen as well as in both kidneys (Fig. 1);
no malignant tumor was detected. Lumbar magnetic res-
onance imaging also revealed a spinal cord infarction
below the T11 level. We initiated antibiotic therapy with
9 g/day ampicillin/sulbactam, 1800 mg/day clindamycin,
and 120 mg/day gentamycin; during this period, metro-
nidazole was not available for intravenous injection in
Japan. We then performed an emergency surgery for
source control of the infection. However, owing to his
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Fig. 1 a Axial view, and b coronal view contrast-enhanced computed
tomography scan images showing an aneurysm with periaortic gas (the
area immediately outside the gas-filled region is the tunica adventitia of

the aorta; shown by arrowheads)
“ J

poor general condition and septic shock, surgery for the
mycotic aneurysm was deemed impossible. Thus, we
performed bilateral nephrectomy as a source control,
and postponed the surgery for the aortic aneurysm until
his condition had stabilized. After the bilateral nephrec-
tomy, we initiated mechanical ventilation, continuous
hemodialysis, and hemoperfusion treatment with poly-
myxin B-immobilized fiber (PMX-DHP; Toray Medical
Co., Tokyo, Japan).

On postoperative day 3, we began gradually tapering the
doses of dopamine and noradrenaline. On postoperative day
5, we transitioned from continuous hemodialysis to inter-
mittent hemodialysis. A culture of the samples taken from
the infected region and four consecutive blood cultures re-
vealed C. septicum. On postoperative day 6, we performed
extubation, after which his condition gradually improved.
However, on postoperative day 7, the onset of respiratory
muscle fatigue necessitated reintubation. We resumed dopa-
mine on day 9. We planned to operate on the aortic
aneurysm; however, his condition deteriorated rapidly. On
postoperative day 10, 1500 mL of blood was lost within ap-
proximately 20 minutes from the drain; as a consequence,
he died. The cause of the hemorrhage was considered to be
an aortic rupture. An autopsy was not performed.

Discussion

In the present case, C. septicumn was thought to have
entered the blood from a gastrointestinal tumor, infected
the aorta, and spread from the aorta to the kidneys.
However, we were not certain whether this case was
associated with cancer.

We searched the Embase’, MEDLINE®, Web of
Science, and Google Scholar databases from their incep-
tion until 31 December 2015, for case reports (English
language articles only) regarding C. septicum-related
aneurysms. We used the following search terms:
‘Clostridium septicum’ and ‘aneurysm’ or ‘aortitis.” Two
reviewers (F.I. and R.I.) independently screened the
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study titles and abstracts to identify relevant articles for
inclusion. The reference lists of the selected articles were
also examined for additional publications suitable for in-
clusion. A consensus for discrepancies between the two
reviewers was reached through a discussion with a third
reviewer (K.S.). We excluded cases without evidence of
an aneurysm with C. septicum, cases without an associ-
ation with C. septicum, and academic conference ab-
stracts. The earliest report found in our search was
published in 1981.

The search yielded 61 articles, and 10 articles were
excluded: two non-English articles (one in French and
one in Spanish), five academic society presentations,
and three articles that were not case reports). Of the
remaining 51 articles, we excluded two involving
post-endovascular aortic repair (EVAR) infection [8,
9], one involving post-axillobifemoral bypass infection
[10], one involving mycotic endocarditis following the
reconstructive treatment of congenital heart disease
[11], three involving the mycotic aneurysm of arteries
other than the aorta [12-14], and one involving cellu-
litis [15], leaving us with 43 articles. In addition to
our case, we found a total of 46 cases (Fig. 2).

Summary of results

A summary of all case reports identified is presented
in Table 1 [6, 7, 16-56]. The 6-month mortality rate
associated with C. septicum-related aneurysms was
79.5%; of the cases, 92.6% showed the presence of
periaortic gas, and surgery for a mycotic aneurysm
was performed in 52.2% of the cases. The 6-month
mortality rate was 66.7% for cases in which elective
surgery was not possible and sufficient antimicrobial
agents could therefore not be administered prior to
surgery. Among the cases in which elective surgery
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and  sufficient preoperative  administration  of
antimicrobial agents were possible, the 6-month mor-
tality rate was 33.3%. In cases in which surgery was
not performed, the 6-month mortality rate was 100%.

Sites of aortic aneurysm formation

Aneurysms formed in the ascending aorta/arch in six cases
[17, 18, 25, 27, 51, 56], only the arch in four cases [41, 42,
52, 54], the arch/descending aorta in two cases [19, 53], the
descending thoracic aorta in four cases [7, 23, 26, 46], and
the abdominal aorta in five cases [37, 38, 48—50]. The
aneurysms also involved the thoracoabdominal aorta in six
cases [24, 30, 33, 43, our case, 55], the infrarenal aorta in 13
cases [6, 16, 20, 28, 29, 31, 32, 34-37, 44, 47], the juxtarenal
aorta in four cases [6, 21, 39, 40], both the descending
thoracic aorta and the juxtarenal aorta in one case [22], and
an unknown location in one case [45].

Operative procedures

Of the 24 cases in which surgery was performed, in situ
grafts were performed in 9 cases [19, 23-25, 30, 35, 39, 40,
49], axillobifemoral bypass in nine cases [6 (two cases), 16,
20, 36, 37, 41, 42, 47], both in situ grafts and axillobifemoral
bypass in one case [22], right axillofemoral and femoral-
femoral bypass in one case [50], EVAR in two cases [54, 56],
and unknown types of procedure in two cases [29, 31].

Prognosis according to operative procedure

The 6-month mortality was 66.7% in cases in which axil-
lobifemoral bypass was performed and 44.4% in cases in
which in situ graft was performed.

Antimicrobial agents
After surgery, antimicrobial agents were administered for 20
of the cases [6, 16, 19, 20, 22—24, 29-31, 37, 39-42, 47, 49,

| 61 potentially relevant citations were identified |

10 articles were excluded

v

2 non-Englisharticles (1 in French, 1 in Spanish)
5 academic society presentations
3 articles that were not case reports

A 4
51 articles were identified as case reports |

8 articles were excluded

v

1 article on cellulitis

2 articles on post-EVAR infection

1 article on post-axillobifemoral bypass infection

1 article on mycotic endocarditis following reconstruction of congenital heart disease
3 articles on mycotic aneurysm of arteries other than the aorta

\ 4
43 articles were included

Fig. 2 Procedures used for selection of case reports. FVAR endovascular aortic repair
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50, 54, 56]; penicillin was administered in eight of these
cases. However, the duration and dosage of antimicrobial
agents were unknown [16, 19, 20, 22, 23, 29, 31, 37, 40, 41,
42, 47, 49, 50, 54, 56].

Based on the collective evidence from our case and
the published literature, we found that the associated 6-
month mortality was extremely high, periaortic gas was
present in almost all of the cases, and no standard op-
erative procedure had been established. It was also found
that no algorithm for administering antimicrobial agents
had been established, and C. septicum is associated with
cancer in 82.5% of the cases. To improve mortality rates,
we propose what are currently considered optimal
treatments.

Early diagnosis in the emergency department

We found that the presence of periaortic gas is fre-
quently concomitant with C. septicum-infected aortic
aneurysms; thus, the presence of periaortic gas is prob-
ably very useful for early diagnosis. C. septicum-infected
aortic aneurysm progresses quickly, with the aneurysm
often expanding within days or weeks; therefore, longer
delays before diagnosis result in higher mortality rates
[6, 7, 35, 52-54, 56].

However, infected aortic aneurysms are generally
rare, accounting for only 0.5 to 1.3% of all aneurysms
[57-60]. Infected aortic aneurysms do not present
with characteristic findings, making them difficult to
diagnose. In addition, the causative agent is chiefly
Staphylococcus aureus or Salmonella; infection by C.
septicum is even rarer. However, as shown in Fig. 1,
C. septicum-infected aortic aneurysms also present
with periaortic gas in a high proportion (92.6%) of
cases, allowing for their early diagnosis. Even in cases
without an aortic aneurysm, periaortic gas is some-
times observed, indicating its potential to enable an
even earlier diagnosis [37, 38, 44, 47, 48]. Thus, the
presence of periaortic gas on a CT scan is a very im-
portant sign in this regard.

Association with cancer

In the cases we reviewed, C. septicum-infected aortic
aneurysm was associated with cancer in 82.5% of cases,
which is higher than the 75% of cases (35% colorectal and
40% hematological) in which C. septicum infection had
been associated with malignancy, as observed from the re-
sults of an earlier report [4]. C. septicum proliferates in tis-
sues with a low pH, elevated lactate levels, and low
oxygen. These conditions also support the development of
ulcerative lesions of the gastrointestinal tract, especially
colon cancer, or colitis due to leukemia, neutropenia, and
chemotherapy. Infected aortic aneurysms are believed to
occur when C. septicum enters the bloodstream and trig-
gers a distant infection after adhering to the aortic wall,
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leading to the assumption of an association with gastro-
intestinal cancer [5, 23]. Therefore, it is necessary to con-
duct investigations for gastrointestinal cancer in addition
to eradicating the source of C. septicum.

Prognosis according to operative procedure

We found that a standard operative procedure has not
been established for the management of C. septicum-in-
fected aortic aneurysms. If surgery is performed to treat
only the infected aortic aneurysm, the gastrointestinal
cancer (the source of C. septicum) remains, increasing
the risk of reinfection and infection in other sites. There-
fore, surgery should be simultaneously performed to
treat both the infected aortic aneurysm and cancer, if
any. In patients with an unstable condition who cannot
undergo simultaneous surgery, failure to perform sur-
gery for the infected aortic aneurysm results in a 6-
month mortality rate of 100%; therefore, the infected
aortic aneurysm should be treated first.

First, debridement of the focus of the infection (suf-
ficient removal and cleansing of the aneurysmal wall)
should be performed. The next step is revasculariza-
tion; in our review, the 6-month prognosis was 55.5%
for an in situ graft versus 28.6% for an axillobifemoral
bypass, indicating that an in situ graft is the superior
option. In general, extra-anatomic revascularization of
infected aortic aneurysms, such as via an axillobife-
moral bypass, has the advantage of not bringing
foreign material into the focus of the infection.
However, complications frequently occur, including
aortic stump blowout (20%), lower limb amputation
due to bypass failure (thromboembolism; 20 to 29%),
and reinfection (20%) [61]. In addition, mortality rates
following operations for infected aortic aneurysm with
anatomic  revascularization and  extra-anatomic
revascularization are reportedly 33% and 40%, respect-
ively; thus, anatomic reconstruction yields better
outcomes [59]. Many reports have also demonstrated
favorable results with in situ anatomic revasculariza-
tion [61-64].

With regards to graft selection, homografts are report-
edly superior to prosthetic grafts in inhibiting infection
[65, 66]. Also, occlusion and deliquescence occurred in
17% of the cases during the mean 3-year follow-up
period following homograft transplantation in a previous
study; reoperation for both were reported to be simple,
regardless of the infection [65]. The use of rifampin-
soaked prosthetic grafts at the infection site has also
been reported [67, 68].

Next, we discuss grafts with omental coverage. The
omentum, a layer of tissue rich in intraperitoneal
vessels and adipose tissue, processes foreign bodies at
its milky spots (clusters of monocytes and lymph
nodes in the vascular wall); this action is considered
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to be effective for containing infections. Omental
coverage of the area surrounding an in situ prosthetic
graft and homograft transplantation can prevent the
recurrence of infection [63, 69].

For high-risk surgical patients, EVAR is also a viable
option [70, 71]. A retrospective European multicenter
study found that the 6-month survival rate was 76 to
86% in the case of EVAR for an infected aortic
aneurysm; this was lower for non-Salmonella
infections [72]. Favorable outcomes were obtained via
surgery for C. septicum-infected aortic aneurysms that
involved a combination of EVAR and extra-anatomical
bypass of the supra-aortic vessels with a right-to-left
common carotid crossover bypass and a left common
carotid to left subclavian bypass, followed by surgery
for colorectal cancer [54]. A study on surgery for C.
septicum-infected aortic aneurysm, that involved a
combination of EVAR and right carotid—carotid and
left carotid-subclavian bypass, followed by surgery for
colorectal cancer, yielded a favorable outcome [56].
Thus, a combination of EVAR and surgery for gastro-
intestinal cancer might improve the prognosis. The
outcome in the present case might have been favor-
able if EVAR was performed.

Antimicrobial agents
According to the literature, an antimicrobial agent
treatment strategy has not yet been established.

After surgery for an infected aortic aneurysm
Postoperatively, antimicrobial treatment must be
continued. If the aneurysmal wall culture results are
known, the range of antimicrobial agents should be
narrowed based on the sensitivity patterns of the
culture results. The intravenous administration of
antimicrobial agents needs to be continued for 6 to
8 weeks following surgery to eliminate an inflamma-
tory response. However, the appropriate duration of
subsequent antimicrobial treatment has not yet been
established. Although one report stated that postoper-
ative antimicrobial agents administered intravenously
could safely be discontinued when the inflammatory
response completely subsides [73], the general
consensus is that the oral administration of anti-
microbial agents should be continued for the rest of
the patient’s life (chronic suppression therapy) [58,
74]. In a previous report, despite 12 weeks of anti-
microbial agent administration following surgery for a
C. septicum-infected aortic aneurysm, infection
recurred 5 weeks later [24]. Therefore, we support
the guideline that the oral administration of anti-
microbial agents needs to be continued for the rest of
the patient’s life.
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Prior to surgery for an infected aortic aneurysm

Some authors suggest that surgery should be performed
after the infection has subsided [60]. Among the 24
cases of C. septicum-infected aortic aneurysm in our re-
view, in which surgery was performed, there were nine
cases in which elective surgery and sufficient preopera-
tive administration of antimicrobial agents were
performed [6, 20, 22, 35, 36, 39, 47, 54, 56]. The
6-month prognosis in these cases was relatively favor-
able, at 66.7%. It might be advisable to administer suffi-
cient quantities of antimicrobial agents before
performing surgery (at least until the negative conver-
sion of the blood culture is confirmed). This may be
done in cases where emergency surgery is unneces-
sary, such as cases in which infected aortic aneurysm
is suspected, but aneurysm formation is either absent
or small (diameter <5.5 cm) or in cases without pain
or other symptoms potentially attributable to an
aneurysm. The long-term administration of antimicro-
bial agents can greatly extend survival periods [35,
54]. Of course, as previously stated, aneurysms form
rapidly and require careful monitoring and constant
preparedness to perform surgery at any time.

Steps to take when C. septicum is isolated in the blood
culture

If there is no contamination, a detailed examination
is necessary to determine the presence of an infected
aortic aneurysm as well as the presence of gastro-
intestinal cancer. Even when an infected aortic
aneurysm is not detected, careful monitoring for the
possible occurrence of an infected aortic aneurysm is
necessary if there is no other identifiable cause of the
bacteremia.

Limitations

There are a number of limitations to this study. First,
since case reports often involve patients who survive,
and we excluded academic conference abstracts, this
might have been a source of bias. Therefore, the mor-
tality rate for C. septicum-infected aortic aneurysm
may have been underestimated. Second, due to the
small number of cases, we were unable to assess the
long-term prognosis. Long-term prognosis was re-
ported for two patients [35, 54], both of whom
underwent elective surgery and received antimicrobial
agents for 25 and 41 days prior to surgery. Both cases
underwent cancer excision: one case had omental
graft coverage [35], and the other case underwent
EVAR [54]. These patients survived for 60 months
and 44 months, respectively. Given the frequency of
comorbid malignant gastrointestinal tumors, long-
term prognosis remains an issue for future studies.
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Conclusions

C. septicum-infected aortic aneurysm is extremely diffi-
cult to treat. However, in this review, we advocate for the
need to make an early diagnosis through the identification
of periaortic gas, as well as effective treatment options.
We believe these could reduce mortality rates.
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