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Introduction

Primary mycotic thoracoabdominal aortic aneurysms (MAAs)
are a small subset of all aortic aneurysms, but left untreated are
almost invariably fatal from rupture (1-3). Historically, the
gold standard of treatment was wide surgical debridement
and in-situ or extra-anatomical repair. Mortality rates of up
to 40 per cent are associated with open surgical repair (1,4,5).
This poor outcome may be as a result of the plethora of
medical comorbidities, magnitude of surgical insult and
presence of sepsis encountered in these patients.

The treatment of this life-limiting condition has
been subject to evolution in line with the advent and
acceptance of stent-graft technology and the development
of open surgical adjuncts to stenting-hybrid surgery (6).
Furthermore it has been suggested in the literature and
is our belief that infection of the native aorta and super-
infection of an aortic graft are differing disease entities and
as such should be managed differently. This is reflected,
perhaps anecdotally, in the re-infection rates reported in
one series of endovascular repairs of native thoracic aortic
infections vs. infected grafts [6.3% vs. 50%; P=0.08 (7)].
Mycotic aneurysms are defined by the presence of two or
more of the following features: sepsis (fever, leucocytosis
and pain), positive blood culture, positive culture from the
aneurysmal wall, or characteristic radiological appearance
(including irregular aortic wall, rapid growth rate, or
saccular appearance of the aneurysm). Negative blood
cultures and absence of pyrexia do not exclude the diagnosis
when the patient has presented with signs of infection and
had characteristic radiological findings but had already been
commenced on antibiotics.

We will discuss in turn the pitfalls and hazards of modern
treatment of primary MAAs, according to anatomical location
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in line with the Crawford classification (8). There has been
lack of clarity in reporting outcomes from true descending
thoracic aneurysms (DTAs) in which the proximal and
distal stent landing zones do not impinge upon the origin of
arch and/or visceral arteries, and type I thoracoabdominal
aneurisms (TAAAs) (9). We will discuss descending thoracic
aneurysms as a separate entity to true type I TAAA as
outcomes will patently be very different. We believe that
clarity in description of these aneurysms treated is essential
in the evolution of our knowledge in how MAAs are best
managed (Figure 1).

Descending thoracic aneurysms

The advent of thoracic endovascular aneurysm repair
(TEVAR) graft technology has transformed the management
of mycotic aneurysms.

Semba ez al. were the first to describe endovascular repair
of three mycotic DTAs in combination with antibiotic
therapy. They reported no perioperative mortality and no
complications from persistent bacteraemia at median follow-
up of 24 months (10).

TEVAR has reduced the 28% (11) mortality associated
with open repair to as low as 11% to 15% (12,13). Some
medium-term follow-up data post-TEVAR for MAA
reports patients alive as long as 83 months with a survival of
73% at median follow-up of 20 months (13).

Complications reported to be associated with TEVAR
for mycotic D'TAs include perioperative rupture, stent
migration, and malposition with a type I endoleak (14)
(Figure 2).

Kan et al. performed a systematic review of endovascular
treatment for mycotic aortic aneurysms. They included 16
abdominal and 32 thoracic aneurysms, of which only one
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Figure 1 Crawford classification of thoracoabdominal aneurysms
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Figure 2 A. Computed tomography of a mycotic thoracic aortic aneurysm; B. Three-dimensional reconstruction demonstrating successful

exclusion with an endograft
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Figure 3 A. Cartoon of type I TAAA; B. Aneurysm excluded by
thoracic stenting with retrograde revascularization of visceral arteries

was ostensibly thoracoabdominal (15).

The 30-day mortality, due to sepsis or massive bleeding,
was 10.4% (five patients). There were five late mortalities
(10.4%), two died of cardiac disease, and three died with
graft-related bleeding problems. The 12-month actual
survival rate of the healed group was 94.0£4.0%, and that of
the persistently infected group was 39.0+17.0%. There was
no significant influence of aneurysm location.

Interestingly, age >65 years, rupture of the aneurysm
(including aortoenteric fistula and aortobronchial
fistulae), and fever at the time of surgery were identified
as significant predictors of persistent systemic infection,
defined as fever, signs of sepsis, or haemorrhage. Pre-
operative use of antibiotics for longer than one week and
an adjunct procedure combined with EVAR were identified
as significant protective factors for persistent infection.
However, by multivariate logistic regression analysis,
the only significant independent predictors of persistent
systemic infection identified were rupture of aneurysm and
fever.

In our reported series of four ruptured and one
intact mycotic DTA, TEVAR was associated with one
perioperative death and one type II endoleak, which
spontaneously resolved, over a mean follow-up period of
30.5 months (6). Despite the theoretical risks of infection of
the stent graft, the surgical insult associated with explanting
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a TEVAR and performing open surgery once sepsis has
subsided renders this impossible. TEVAR for mycotic DTA
should be considered the definitive procedure rather than
an adjunct to deferred open surgery.

Ortner’s syndrome - recognition and management

An unusual complication of TEVAR is compression of the
left recurrent laryngeal nerve as it hooks around the arch of
the aorta (16-19). The most sensitive region of that of the
ductus arteriosus and aneurysm of a patent ductus arteriosus
has been described as a cause of Orter’s syndrome (20,21).
The left vocal cord will adopt a paramedian position and
cause hoarseness of voice. This is can be due to an aneurysm
itself (22) or acute sac expansion following sac thrombosis
subsequent to stent deployment (23). In one reported
case, the hoarseness of voice actually improved following
endovascular treatment of a saccular aneurysm (24). There
is no particular strategy to obviate from acute sac expansion
post-stenting; however it is important to be cognizant of
this potential problem and aware that the condition is likely
to improve with conservative management.

Type I, Il and 11l TAAA

Open repair for mycotic type I, IT and III TAAAs has always
been historically associated with mortality of up to 40%
(25-27) due to the magnitude of the procedure in unwell,
septic patients. Endovascular technology offers a less
invasive method of dealing with the mycotic aneurysm.

Initially, treatment for true type I MAA was only
practicably possible by thoracic stenting with retrograde
revascularization or coverage of the coeliac artery in order
to extend the distal landing zone (Figure 3). Intentional
coeliac artery coverage with preoperative assessment of
coeliac to SMA anastomoses for complex TAAA has been
shown to be associated with relatively low rates of mortality
and morbidity (28-31).

More recently, development of endovascular stent
technology have potentially allowed for repair of type
I MAAs in patients with favourable anatomy using thoracic
stents with a customized distal scallop for the coeliac axis (32).
No reports have been forthcoming with respect to MAAs,
however this may be a viable option in patients with
relatively ‘stable’ MAAs who can tolerate the time necessary
for stent graft manufacture and delivery.

In type II MAA, there are two practical options for repair
in the systemically unwell patient: totally endovascular or

Ann Cardiothorac Surg 2012;1(3):417-425



420

hybrid repair.

For type III MAA, we would advocate stratifying
management along the lines of fitness for surgery.
In patients who are deemed unfit for the open type
III approach to repair, we advocate hybrid surgery;
endovascular stenting with either retrograde or antegrade
visceral revascularization from the lower aorta/iliac arteries
or the ascending/descending aorta, respectively.

In relatively fit patients without shock, an open approach
has the benefit of allowing for extensive debridement of
aorta and peri-aortic tissue.

Systemically unwell/unfit patients

Totally endovascular repair

In one series of nine mycotic aneurysms and
pseudoaneurysms (five thoracic, four paravisceral)
undergoing open repair, four required visceral
revascularization. The authors report no hospital death,
limb loss, renal failure, or intestinal ischemia; two late
deaths occurred due to sepsis and pneumonia at three
months and 77 months. Eight patients were alive after a
mean follow-up of 36 months and no late graft infection
was evident (33). Clearly the numbers are small and these
promising results do not correspond to most published
experiences.

Totally endovascular repair has been described, involving
embolization of involved visceral arteries or branched grafts.
Although embolisation of the coeliac axis in MAA has been
described, prior to any such visceral artery embolization
selective mesenteric angiography to confirm patent collateral
supply is advocated. This single case report utilized a custom
made Powerlink (Endologix, Irvine, CA, USA) abdominal
endoluminal graft cuff measuring 28 mm x 5.5 cm.
Deployment was to the superior mesenteric artery orifice,
which was prophylactically stented to prevent coverage in
the case of stent migration (34). Good appearances were
seen on computed tomography at one-year follow-up.

Hybrid repair

For the majority of patients presenting with mycotic type II
and IIT TAAAs there is insufficient time to wait for custom
made endovascular branched grafts. To avoid the necessity
of a totally surgical repair, a hybrid open/endovascular
approach has been adopted in some centers. The hybrid
repair for type II or IIT MAA would normally entail
aortic visceral artery debranching with retrograde visceral
revascularization and stenting of the aneurysmal thoraco-
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abdominal segment (35).

The procedure is performed through a midline
laparotomy incision. The key decision making aspect of
the procedure tailored to each individual patient is the
location of the distal landing zone and consequent ‘take-off’
of the retrograde revascularization grafts - the distal aorta,
common iliac arteries or even proximal external iliac arteries
(if the aneurysmal process extends down into the common
iliac arteries) have all been used. Subsequent steps include
graft construction by anastomosing conduits of the desired
caliber and conformation, deployment of the endovascular
stent-graft and closure of the retroperitoneum.

While one team performs the laparatomy and exposure
of the visceral and renal arteries and the take-off vessels
(distal aorta, iliac arteries), another person can construct
the retrograde grafts. This configuration varies and is often
only decided on during the operation. Generally a Dacron
bifurcation 14 mm x 7 mm graft is used with 6- to 8-mm
grafts sewn on to the graft for the renal arteries. If necessary,
a 10-mm conduit is used to deliver the stent-grafts. If both
common iliacs are used for the take-off point, two bifurcated
grafts can be used (Figure 4).

The advantages of this approach are that there is no
supra-renal aortic cross clamp, a reduced visceral ischemia
time, reduced blood loss and no need for cardiac bypass or
thoracotomy (Figure 5).

Similar to endovascular repair of type I MAA, stenting
of the arch as part of the hybrid repair carries the risk of
acute sac expansion post-aneurysm exclusion. This may
exacerbate what pre-operatively may have been actual or
potential bronchial or oesophageal compression.

Paraplegia risk

A potentially devastating consequence of hybrid surgery
for type I, II and III TAAA is spinal cord ischaemia and
subsequent paraplegia. We have previously reported an
analysis of stenting procedures at Saint Mary’s Hospital.
Here we found that a minimum coverage of 55% of the
aorta measured from the brachiocephalic origin is associated
with paraplegia (36). Patients undergoing fenestrated or
branched endovascular grafting had a spinal cord ischaemia
rate of 2/14 (14%), and a paraplegia rate of 1/14 (7%),
whereas patients undergoing the visceral hybrid operation
had a spinal cord ischaemia rate of 16/80 (20%) and a
paraplegia rate of 9/80 (11%). Spinal cord ischaemia also
has a high incidence in open thoracoabdominal surgery, at
between 5 and 20% (37,38).
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Figure 4 A. Bench construction of hybrid grafts; B. Hybrid grafts ‘take off” from a previous infra-renal repair; C. Renal grafts constructed

as 7 mm ‘side pipes’ from the ‘shoulders’ of a 14 mm x 7 mm bifurcated graft; D. Similar arrangement to C, however the ‘up-graft’ is

anastomosed more proximally on the infra-renal aorta resulting in the need for adjusted configuration

The incidence of spinal cord ischaemia in open
thoracoabdominal surgery has been shown to be reduced by
the use of spinal cerebrospinal fluid (CSF) drainage (39). Our
practice is to use selective CSF drainage in cases deemed
to have a high risk of spinal cord ischaemia. Other spinal
cord protection strategies which have been advocated
include blood pressure control and intercostal artery re-
implantation (40). The additive protection imparted by
intercostal re-implantation over and above other strategies
suggests that the hybrid approach may have theoretical
advantages over a totally endovascular approach if this
strategy is employed.

Systemically well/fit patients with type III MAA

Systemically well patients who are deemed fit may be
considered for open type III repair. The advantage of this
approach in patients who are able to tolerate the surgery is
that aortic debridement can be undertaken as well as direct
tissue biopsy for microbiological culture.
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The operative approach is via a thoracolaparotomy
(Figure 6). The incision begins in the sixth intercostal space,
and crosses the costal margin and upper rectus abdominis to
end in the abdominal midline. We dissect the muscle from
the sixth rib using diathermy and periosteal elevator and
excise this rib. For more proximal disease, a higher thoracic
incision is needed. Once a segment of the costal margin
is excised, we find it allows for good muscular apposition
to the thoracic closure without the need for insertion of
sutures into adjacent intercostal spaces.

The essence of the open type II and III TAAA repair
involves a ‘circular’ anastomosis of the graft to the
descending thoracic aorta with visceral re-implantation
using the Carrel patch technique.

Type IV TAAAs

Dubois et al. have reported on 12 patients in a wider series
who had type IV MAA (41). These were reconstructed by
aorto-aortic interposition with re-implantation or bypass to
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Figure 5 A. A scan demonstrating retrograde revascularization grafts to visceral arteries; B. Cartoon showing visceral grafts taking origin

from a previous infra-renal repair and proximal ligation of native visceral arteries

Figure 6 A. Thoracolaparotomy incision marked for a type III MAA. The patient is rotated to the right using a vacuum beanbag and the left
arm is supported across the chest with the scapula retracted forwards using elasticated adhesive tape; B. Access to the chest and abdomen via

thoracolaparotomy incision

visceral vessels. The approach seems to have been mostly approach for open type III repair, rather than our routine
retroperitoneal with involvement of the visceral segment. rooftop incision (Figure 6). The thoracolaparotomy

We advocate a modified approach to the type IV repair allows for rapid and safe proximal control in this setting
for sepsis. This involves a thoracolaparotomy akin to the which is particularly important in dissecting a potentially
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friable MAA.

Mycotic aneurysm involving fistulation with the
aerodigestive tract

The previously mentioned systematic review of
endovascular treatment of MAA by Kan ez 4/. reported that
the occurrence of aorto-enteric and aorto-bronchial fistula
is significantly related to persistent infection (15).

A later study reported that mortality was also almost double
in MAA associated with fistula as opposed to without (13). Also
in line with the review by Kan ez 4/, this series suggests that
preoperative antibiotics for three days or more is protective
against long term infection.

A single centre experience reports on seven aortobronchial
fistulas, 2.7% of their five year thoracic stenting practice.
These patients presented with haemoptysis. No standard
post-operative antibiotic regimen was followed. There
were no endoleaks, no incidence of paraplegia, and no
endoluminal graft infections in this somewhat heterogeneous
group including those with an infected previously-placed
stent-graft and an infected open repair. Survival was 100%
at both 30 days and one year. This group concluded that
endovascular management of aortobronchial fistulas
appears to be safe and well tolerated, with minimal risk of
prosthesis infection (42). This has not been our experience.
In a small series of seven aortobronchial fistulas over the last
decade we have had no survivors beyond two years.

Pre- and post-operative antibiotic therapy

In as many as 25% of cases, no bacteriological species
is identified. This is thought to be due to perioperative
antibiotic therapy and lack of direct biopsy in the
endovascular age. When identified, gram-negative species
are identified in as many as 50% of cases. Of these,
Salmonella is most common (41).

Cina et al. suggest that gram-negative microorganisms
are found in 47% of mycotic TAAAs and that there is a
trend toward increased mortality for these organisms.
They advocate the intravenous use of two synergistic
antibiotics, particularly in gram-negative infections because
of the invasive potential of these microorganisms and
the associated poor prognosis. They further suggest no
difference in survival or recurrence rate between series
advocating lifelong therapy and those suggesting prolonged
(six weeks to 12 months) therapy (43). This paradigm
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may have to be altered in the evolving era of endovascular
therapy of MAA. We have reported positive blood cultures
in 58% (11/19), with an identifiable source for the infection
in seven patients, including spinal osteomyelitis, urosepsis,
chest sepsis and a psoas abscess.

Stanley ez 4l., have reported antibiotic soaking of a stent
graft prior to implanting for MAA (44). Their rational was
that rifampicin bonding to Dacron grafts has been shown to
decrease the reinfection rate when treating graft infection
with in situ replacement (45,46). Although no evidence base
is likely to be forthcoming, the practice seems reasonable.
Similar anecdotal evidence has been reported for rifampicin-
bonded gelatin-impregnated Dacron grafts in two patients with
mycotic aneurysms infected by Staphylococcus aureus (47). In
our unit we use a six-week regime of intravenous antibiotics,
guided by culture results, or broad-spectrum empirically-
chosen antibiotics.

In summary, we agree with the views of Smith
and Taylor, who recommend the establishment of an
international registry to establish best practice in this rare
disease entity (48).
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