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34.1  Introduction

Aortic graft infection is known to be a very com-
plex and challenging pathology, whether it is a 
surgical graft or an endograft, and despite of all 
the recent surgical and medical advances, it still 
carries a significant risk of morbidity and mortal-
ity. Since the first aortic endograft was inserted 
by Volodos and colleagues in Ukraine, the use 
of endografts in aortic disease has increased dra-
matically [1–3]. The majority of early endograft 
explantations were performed for complications 
in device insertion and deployment and persistent 
endoleak causing sac expansion. Stent infection 
was first reported in 1993 and is now thought to 
occur in 1–4% of endografts, resulting in major 
morbidity, mortality and economic cost [4–10]. It 
is unclear whether or not the incidence of endo-

graft infection is increasing, but the use of endo-
grafts in infected fields such as mycotic aneurysms 
or aorto-enteric fistulae will result in an ongoing 
case load [6, 11–13]. There are few data available 
to guide management, and clinical approaches to 
this complex condition differ widely with variable 
outcomes, but consensus diagnostic criteria have 
been defined [14]. Large multicentre retrospective 
analyses have been performed using the Swedish 
vascular dataset and in France and the USA [9, 
11, 12, 15]. Multicentre prospective data collec-
tion is underway by the Management of Aortic 
Graft Infection Collaboration (www.gsttbrc.com/
MAGIC) [14, 16].

No aortic endoprosthesis is designed to ever 
be removed, and doing so presents several unique 
challenges to the vascular surgeon. As yet there 
are no methods for percutaneous endograft 
removal, and therefore open surgery is manda-
tory and entails all of the major operative risks 
that the initial endovascular repair was designed 
to avoid. This is of particular concern for infec-
tion affecting the visceral segment. Whilst some 
endografts are removed electively or urgently, 
the patient may also present with haemorrhage 
through an aorto-enteric, aorto-bronchial or 
aorto-cutaneous fistula, and disease affecting the 
visceral segment will frequently involve these a 
fistula [17]. Proximal and distal control is usu-
ally sought beyond the anatomic limits of devices 
which are often positioned just distal to impor-
tant arterial branches, for example, the renal, 
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 subclavian or carotid arteries. Several devices 
incorporate active fixation with hooks, barbs or 
anchors to secure the device to the aortic wall 
preventing migration; these and any bare stent 
may become incorporated into the wall and make 
removal difficult. In the setting of infection, it is 
necessary to remove additional devices such as 
internal iliac artery embolisation coils if these are 
within the infected field. Thus complex surgery is 
required in patients who may have been deemed 
unfit for open surgical management of their origi-
nal disease. It is usually not necessary to remove 
extra-anatomic grafts, for example, those used to 
de-branch the arch or a femoral- femoral crossover 
graft, if these are remote from the operating field 
and well incorporated into the tissues. Once the 
main device and other infected prosthetic mate-
rials have been removed, the arterial circulation 
must be reconstructed, and in the case of infec-
tion, this should not involve placing new pros-
thetic material in the infected field. Previously this 
has been by axillobifemoral bypass, but attention 
has moved towards in situ reconstruction using 
biological materials [18–25].

34.2  Diagnosis of Aortic 
Prosthetic Infection

A high index of suspicion is required for diagno-
sis because the clinical presentation can be varied 
and occur at any time after graft insertion [10]. A 
detailed history and examination are essential not 
just for aortic graft infection (AGI) diagnosis but 
also determining aetiology and associated fea-
tures (such as spinal osteomyelitis, visceral fis-
tulae) that must also be managed [26]. Mycotic 
aneurysms may remain occult for many months. 
Conversely, because the morbidity and mortality 
of graft explantation (or even lifelong antimicro-
bial therapy) are so great, a high degree of cer-
tainty is required in AGI diagnosis. Most clinical 
series on aortic graft infection and mycotic aneu-
rysms have reported their diagnostic criteria as 
being a combination of ‘clinical, radiological 
and microbiological’ features but have always 
been vague about how these have been applied 
[15, 27]. Historically, the way in which these 
three groups of factors should be combined has 

not been addressed, hindering conglomeration 
of data and precluding future trial design [5, 
28–31]. Consensus diagnostic criteria for the 
suspicion and diagnosis of AGI have now been 
published, allowing consistent diagnosis in future 
studies and guiding the investigation of suspected 
AGI (Fig. 34.1) [14]. Aortic graft infection (AGI) 
is suspected in a patient with any isolated major 
criterion or minor criteria from two of the three 
categories: clinical/surgical, radiological or 
laboratory. AGI is diagnosed in the presence 
of a single major criterion, plus any other cri-
terion (major or minor) from another category. 
Note that where microbiological investigations 
identify potential ‘contaminant’ organisms (e.g. 
coagulase- negative staphylococci, propionibac-
teria, corynebacteria and other skin commensals), 
a minimum of (1) two intraoperative specimens, 
(2) two blood cultures or (3) one intraoperative 
specimen plus one blood culture must be posi-
tive with an indistinguishable organism in each 
sample based on antibiograms or a recognised 
typing method, e.g. pulsed-field electrophoresis. 
These criteria have subsequently been utilised in 
the diagnosis of mycotic aneurysms [20].

34.3  The Role of 18F-FDG PET/CT 
and Labelled Leucocytes

Most AGI is suspected based on CT angiography 
[14, 32]. Both 18F-FDG PET/CT and SPECT-CT 
allow accurate localisation of sites of inflamma-
tion, and these investigations are invaluable in the 
diagnostic workup of AGI, both in the confirmation 
of AGI (as part of the diagnostic criteria) and in 
their ability to identify occult non-aortic infection 
or other causes of inflammation (e.g. vasculitis), 
thereby preventing unnecessary surgery [33–47]. 
MRI may have a very limited role [48, 49].

The 18F-FDG uptake in both normal aorta 
and in aneurysmal (untreated) aorta has been 
well defined in a large number of patients, with 
an upper limit of SUVmax of 3.8 [14]. Others 
have suggested a high degree of sensitivity and 
specificity in the diagnosis of aortic graft infec-
tion using SUVmax cutoffs between 3.8 and 8, and 
further work is required in this area. The positive 
predictive value of PET/CT may be improved by 

M. Sallam et al.



395

combining a SUVmax cutoff with visual scoring of 
the uptake pattern [50]. The normal limits of 18F-
FDG uptake in the early period after endograft 
deployment or open surgical repair have not been 
clearly defined, and this remains a limitation to 
the use of 18F-FDG [51]. Several attempts to 
develop infection- specific PET tracers are under-
way [52]. All these diagnostic imaging tech-
niques require further validation in a prospective 
study enrolling patients diagnosed according to 
standardised criteria. 18F-FDG PET/CT may 
continue to play an important role in monitoring 
the response to antimicrobial therapy once AGI 
has been diagnosed.

34.4  Decision-Making

In 2016 the AHA published guidelines on the 
management of vascular graft infections, mycotic 
aneurysms and endovascular infections [10]. In 

general these recommendations are based on 
a low level of evidence and are not specific to 
the aorta. The evidence base for the advice to 
make management decisions based on microbial 
growth, and for the duration of antimicrobial 
therapy, is particularly lacking. Little guidance is 
given on the complexities of managing the vis-
ceral segment (Fig. 34.2).

34.5  Medical Management

Detailed investigation and antimicrobial therapy 
will not be discussed here [53]. Multidisciplinary 
management involving interventional radiology, 
infectious diseases/microbiology and nuclear 
medicine (all with an interest in AGI manage-
ment) is essential to guide appropriate investi-
gation and ongoing antimicrobial therapy in 
all patients. We discuss all patients with sus-
pected or confirmed AGI in a vascular infection 

M
A

JO
R

 C
R

IT
E

R
IA

CLINICAL / SURGICAL

•   Pus (confirmed by
    microscopy) around graft or
    in aneurysm sac at surgery •   Peri-graft fluid on CT scan ≥ 3

    months after insertion

•   Organisms recovered from an
    explanted graft

•   Organisms recovered from an
    intra-operative specimen

•   Organisms recovered from a
    percutaneous, radiologically-
    guided aspirate of peri-graft
    fluid

•   Peri-graft gas on CT scan ≥ 7
    weeks after insertion

•   Fever ≥38ºC with AGI as
    most likely cause

•   Increase in peri-graft gas
    volume demonstrated on serial
    imaging

•   Open wound with exposed
    graft or communicating sinus

•   Fistula development e.g.
    aorto-enteric or aorto-
    bronchial

•   Graft insertion in an infected
    site e.g. fistula, mycotic
    aneurysm or infected
    pseudoaneurysm

•   Localized clinical features of
    AGI e.g. erythema, warmth,
    swelling, purulent discharge,
    pain

•   Other e.g. suspicious peri-graft
    gas/fluid/soft tissue
    inflammation; aneurysm
    expansion; pseudoaneurysm
    formation; focal bowel wall
    thickening; discitis/
    osteomyelitis; suspicious
    metabolic activity on FDG PET/
    CT; radiolabelled leukocyte
    uptake

•   Blood culture(s) positive and
    no apparent source expect
    AGI

•   Abnormally elevated
    infalmmatory markers with
    AGI as most likely cause e.g.
    ESR, CRP, white cell count

RADIOLOGY LABORATORY

M
IN

O
R

 C
R

IT
E

R
IA

Fig. 34.1 Diagnostic criteria for aortic graft infection. 
Aortic graft infection (AGI) is suspected in a patient with 
any isolated major criterion or minor criteria from two of 
the three categories: clinical/surgical, radiological or lab-
oratory. AGI is diagnosed in the presence of a single 
major criterion, plus any other criterion (major or minor) 

from another category. CT, computed tomography; FDG, 
fluorodeoxyglucose; PET, positron emission tomography; 
ESR, erythrocyte sedimentation rate; CRP, C-reactive 
protein. Reproduced from Lyons et  al., Eur J Vasc 
Endovasc Surg (2016) 52, 758–763
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 multidisciplinary team meeting. Rifampicin-
soaking implanted grafts may reduce infection 
rates in preclinical models [54]. We recommend 
trying to send at least three separate peripheral 
blood cultures before the start of antimicro-
bial therapy if an aortic infection is suspected. 
Unfortunately the diagnosis of prosthetic infec-
tion is often delayed, and many patients present-
ing to us have received antimicrobial therapy 
without adequate cultures. Further blood cul-
tures should still be obtained. Broad-spectrum 
cover is almost always mandated at this stage 
unless a certain organism has been confirmed. 
We add antifungal therapy for all suspected and 
confirmed enteric fistula, due to the inevitable 
fungal contamination from the gastrointesti-
nal tract. Once a source and an organism have 
been identified, the protocol should be targeted 
accordingly in order to minimise harm from 
antimicrobial therapy. There is low-quality evi-
dence for the route and duration of antimicrobial 
therapy, but it is important to note the persistence 
of deaths with sepsis following the endovascu-
lar treatment of mycotic aneurysms and deaths 

from haemorrhage (local sepsis, disease exten-
sion) when infected endografts are not explanted 
[11, 19].

34.6  Endograft Bridging in Aorto- 
enteric Fistulae

In our experience of using endografts for haem-
orrhage control in the setting of AGI, infection 
persisted despite ongoing antimicrobial therapy, 
and all patients had died of their aortic disease 
within 2 years of follow-up [19]. We now there-
fore proceed to explantation of infected grafts 
wherever the patient’s condition allows. We 
frequently use an endograft as a bridging tool, 
mainly to stabilise patients who present with 
bleeding from an aorto-enteric/aorto-bronchial 
fistula or rapidly expanding mycotic aneurysm. 
The main aim is to ‘separate bleeding from sep-
sis’ giving a chance to prepare and optimise the 
patient for a major operation as well as allow 
sufficient time for planning further manage-
ment strategies.

Aortic infection - initial management algorithm
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open repair,
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ABx suppression
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Consider percutaneous
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Stable (no
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Active bleeding or
more than 2
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1 major

Endovascular
repair

Bridge to
definitive
treatment

Full work-up

MDM discussion
Deep veins scan

Echo
Lung function test
Anaesthetic review

Medical optimization

Fig. 34.2 Aortic infection initial management algorithm
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34.7  The Role of Percutaneous 
Drainage and Irrigation

Aspiration may be performed for diagnostic pur-
poses, but a drain should not be placed unless 
AGI has been confirmed [14, 55]. When time 
allows, drainage of collections can lead to reso-
lution of overt sepsis (but not cure of infection) 
and may improve the outcome of subsequent sur-
gery [56]. Management of AGI without explan-
tation likely carries a far higher mortality than 
with explantation in the medium term. In series 
with longer follow-up, the mortality from leaving 
infected prostheses in situ can approach 100% [9, 
19]. In selected patients who are deemed unfit for 
explantation, conservative measures such as anti-
biotic therapy and percutaneous drainage of pus 
and irrigation of the aneurysm sac may be appro-
priate [57–61]. Irrigation of the native aneurysm 
sac (in the proven absence of endoleak) or an 
abscess cavity with povidone-iodine or antimi-
crobials has been described [62–64].

34.8  Open Surgery for Visceral 
Segment Infection

34.8.1  Aim of Treatment

Primary aortic infection (termed a mycotic aneu-
rysm) is associated with aortic dilatation and 
early rupture, whilst aortic graft infection carries 
a grave prognosis in the medium term [19, 65]. 
The main goal of treatment is to prevent death 
from haemorrhage. We define ‘cure’ as persistent 
eradication of infection with no need for lifelong 
suppressive antibiotic therapy.

Our current protocol for aortic infections con-
siders radical surgery in the form of complete 
graft explantation and in situ anatomical recon-
struction with a biological graft as the treatment 
of choice for any patient deemed to be fit enough 
for this operation (Fig. 34.3). The components of 
operative management should include:

• Excision of all infected artery and synthetic 
material

• Debridement of infected/necrotic tissue 
(source control, e.g. aorto-enteric fistula) and 
drainage of related collections

• Tissue sampling for microbial culture and/or 
PCR

• Arterial reconstruction (ideally anatomical 
and autologous)

• Source control (aorto-enteric fistula)

Achieving all of the above can be very chal-
lenging and certainly involves significant physi-
ological insult with an associated inflammatory 
response from surgical trauma. If tolerated by the 
patient, the control of sepsis is achieved faster, 
and cure (without the need for long-term antimi-
crobial therapy) is feasible.

With the increased complexity of surgery 
resulting from infections involving the visceral 
segment, these aims may frequently be unachiev-
able. The only viable option may be to temporise 
with an endovascular graft and lifelong suppres-
sive antimicrobial therapy.

34.8.2  Treatment Options

• Open surgery
• Endovascular
• Lifelong antimicrobial suppressive therapy
• Short-term palliative care

34.8.3  Open Surgery

Most of the published series describing aortic 
graft infection suggest that ‘cure’ cannot be 
achieved without full explantation of infected 
grafts. Mycotic aneurysms are a different pathol-
ogy to fistulae, and there may well be a chance 
of cure with antimicrobial therapy with an endo-
vascular graft remaining in situ [11, 66]. This 
may relate the duration or preoperative anti-
microbial therapy and pre-deployment ‘control 
of sepsis’, but data are inconclusive [11]. The 
difficulty remains in predicting the patients in 
whom we can safely stop antimicrobial therapy 
once the mycotic aneurysm has been treated, 
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and 18F-FDG PET/CT may play an important 
role. The long-term outcomes of this approach 
remain questionable [11, 12].

34.8.3.1  Perioperative Planning 
Considerations

We cannot emphasise enough the importance of 
thorough planning in these cases. Planning is a 
fundamental part of the operation, required in 
order to achieve good outcomes. The patient’s 
condition may deteriorate rapidly, and we 
suggest that these plans should be in place 
shortly after the patient’s initial emergency 
presentation.

34.8.3.2  Damage Control Plan
A damage control plan allows the team to prepare 
well for the definitive management and to get the 
patient to be ready for such a major intervention. 

Patients may be haemodynamically unstable at 
presentation (or may become unstable) due to the 
combination of sepsis and haemorrhage. A plan 
to stop any bleeding, whether this is a ruptured 
aorta or an aorto-enteric/aorto-bronchial fistula, 
should always be in place. Endovascular inter-
vention is the best option for this, and unless 
it has been agreed that it will be the definitive 
option, the aim here is to temporise the bleeding, 
and so endograft deployment should be planned 
to avoid making the complex open repair more 
difficult (Fig. 34.4).

Endografts are very effective in the thoracic 
segment. Covering one or more of the visceral 
arteries with a chimney or snorkel technique may 
be required, but we would advise to do this only 
when it’s the only way to control haemorrhage. 
We would consider keeping the visceral stents as 
proximal as possible in the target vessel origin to 

Aortic infection – second
stage management algorithm

CTA before discharge

IV ABx for 6 weeks

Oral ABx for 6 weeks + weekly
bloods

Review in clinic in 6 weeks

PET scan and clinic review in 3
months

CTA and clinic review in 6
months

Yearly CT scans

Definitive
management

Fit for surgery

Unfit for surgery

Follow-up plan for
all explanted cases

(agreed in a joint
Vascular and

Infectious Disease
MDM)

Open repair
explantation + source

control + in-situ
reconstruction

Pre-op
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Nutrition

Deep veins/LSV
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Composite graft

Cadaveric grafts

Life-long ABx
suppressive therapy
(consider stopping

after 1 year if mycotic)

Fig. 34.3 Aortic infection second stage management
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facilitate future explantation. Since the aim here 
is to control the bleeding temporarily, long-term 
durability is not an issue, and the more aorta is 
covered, the more complex the next step will be. 
Consideration should be given to sites of aortic 
and visceral artery clamping during subsequent 
operations.

34.8.3.3  Preoperative Optimization 
Plan

This should include the preoperative workup 
and investigations as well as a nutrition plan 
and any other cardiorespiratory intervention or 
medical optimization to improve fitness. Some 
patients may require temporary filtration during 
that period. Anaesthetic and intensive care team 
involvement is valuable when it comes to the 
operative planning.

34.8.3.4  Intraoperative Plan
Graft explantation and aortic reconstruction are 
complex surgical procedures and the patholo-
gies encountered are heterogeneous. Although 
the general concepts and stages of the procedure 
can to an extent be standardised, the details can 
make all the difference. For example, a failure 
to perform adequate debridement of all infected 
tissues may render the entire operation point-
less (relative to a nonoperative management). In 
our experience, spending time in planning and 
discussing the technical details of various steps 
and bailout options have never been a waste 
of time and may highlight further risks, which 

may require rediscussion within the multidisci-
plinary team.

Involvement of the visceral segment signifi-
cantly increases the complexity of these proce-
dures. In a frail patient, open surgical procedures 
may be considered futile, and other alternatives 
including long-term suppressive therapy or indeed 
short-term palliation should be considered.

The following stages of this operation can be 
considered as separate entities for the sake of 
detailed planning; however, eventually there will 
be overlap and cross implications when it comes 
to the execution of the plan intraoperatively.

34.8.3.5  Access
This should be planned with consideration not 
only of the steps of the present operation but 
also bailout options and potential future opera-
tions. If at all possible, a single position for the 
whole procedure should be sought, avoiding the 
need for intraoperative repositioning. This may 
not always be possible. We recommend a very 
generous access incision from the beginning, 
keeping in mind access to easy vascular control 
(mainly the proximal), the need for cardiopulmo-
nary bypass (full or left heart) and the possibility 
of enteric fistula, which will need to be discon-
nected and dealt with.

If the thoracic aorta is involved, we prefer a 
standard left thoracolaparotomy, whilst if the 
affected segment is totally abdominal, we tend 
to use a rooftop incision with a transperitoneal 
approach and left visceral rotation. This inci-
sion gives good access for supracoeliac control, 
both iliac arteries and very good exposure for the 
bowel, and it is very well tolerated. The incision 
cannot easily be extended, and if there is doubt 
about the proximal control, a thoracolaparotomy 
would be the incision of choice.

34.8.3.6  Control
Although the general concepts of aortic surgery 
apply here, a few extra considerations need to 
be kept in mind. The use of endovascular ‘bridg-
ing’ techniques has helped significantly in 
making exposure and control much more pre-

Fig. 34.4 Source control. An aorto-enteric fistula has 
been disconnected
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dictable, which reflects on the overall outcome. 
Temporary stenting allows full access and usu-
ally full preparation of the surgical field without 
significant blood loss or need for aortic cross 
clamping, thereby shortening the visceral isch-
aemia time.

It is very important to note that the healthy 
aortic wall may be further from the diseased 
region than is evident on the preoperative CT 
scan, i.e. the normal diameter aortic adjacent to 
mycotic aneurysms may be infected and unable 
to hold sutures (or endografts). The extent of 
infected artery can progress very quickly, and 
what was previously a healthy zone for clamping 
can become weakened in the days between the 
scan and the operation. A CT scan within a week 
of surgery is ideal and sometimes just preopera-
tive if in doubt of any progression.

Adhesions and obliterated tissue planes may 
mandate more generous control, at least initially, 
and clamps can subsequently be moved closer 
to the reconstruction area once explantation has 
been completed, in order to reduce the visceral 
ischaemia time.

Particular consideration must be given to 
endovascular stent grafts with suprarenal fixa-
tion, which typically extends for a few centime-
tres and across the origins of the visceral vessels 
up to coeliac origin. We usually use two proximal 
clamp sites, one for the explantation and then a 
second more distal clamp for the reconstruction 
[67–73].

If the distal control site is the iliac arteries, 
then balloon endoclamping may save a lot of 
time and the hassle of difficult dissection and 
avoid iliac vein injuries. It is particularly helpful 
when the right iliac artery is not easily accessible 
in a left thoracolaparotomy.

34.8.3.7  Specific Considerations 
for Thoracic Aorta

If the thoracic aorta is involved, then a thoracot-
omy will be required; we recommend cardiopul-
monary bypass to be used in these cases whether 
a left heart bypass or a deep hypothermic circu-
latory arrest, depending on the extent of repair 

and the site of the proximal clamp. A short shunt 
bypass or a right axillobifemoral bypass could 
also be used to allow distal and visceral perfu-
sion as an alternative but less controlled tech-
nique, and the use of cardiopulmonary bypass is 
recommended.

34.8.3.8  Explantation 
and Debridement

Once the proximal and distal control sites are 
fully dissected and ready for clamping, following 
a brief rehearsal of the following steps with the 
team, the dissection should now extend distally 
towards the affected segment of the aorta aiming 
at trying to identify visceral vessel origins from 
the outside and also take some samples for micro-
biology. In some cases this would allow moving 
the proximal clamp a bit distal or at least prepare 
the second clamp space to minimise the visceral 
ischaemia time (Fig. 34.5).

34.9  Techniques 
of Reconstruction

There are many techniques described in the lit-
erature for reconstruction, and although using 
an in situ biological graft is our preferred option, 
sometimes it is deemed to be too complex, risky 
or not feasible; hence, other options of recon-
struction should be considered. Regardless of 
the reconstruction material chosen, continued 
infection (sometimes termed ‘reinfection’) is a 
significant problem in a proportion of patients 
[74, 75].

A very important decision to be made ideally 
in the preoperative planning stage is whether the 
visceral vessels will be reconstructed with a vis-
ceral patch or separate branches, which could be 
tailored within the graft or made separately as an 
extra-anatomical bypass. The backup of selec-
tive visceral perfusion should also be considered. 
If on cardiopulmonary bypass selective visceral 
perfusion techniques can be used, and if not a 
shunt bypass at least to the SMA allows more 
time to reconstruct the visceral segment.

M. Sallam et al.
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34.9.1  Extra-anatomic

Right axillobifemoral bypass has always been the 
most popular option; the ease of the procedure 
and being away from the infected field made it the 
gold standard for a period of time; however, some-
times with visceral segment involvement, other 
options have to be considered [18]. Ascending 
to infrarenal is a more complex option; however, 
it allows direct jump grafts to revascularise the 
visceral vessels. Separate bypasses from the iliac 
arteries to any of the visceral vessels or hepato-/
spleno-renal bypass could also be considered.

Bowel perfusion is of paramount importance, 
and at least one of the superior mesenteric or coe-
liac arteries should be perfused as soon as possible.

34.9.2  Deep (Femoral) Veins

Using one or two (panelled) femoral veins is our 
current preferred option for reconstruction of the 
aorta (type 4, supra- and juxtarenal); the versatil-
ity of the graft, resistance to infection and being 
autologous make it a very good option. It is time-
consuming and adds potential complications of 
the vein harvest to the procedure (Fig. 34.6) [21].

34.9.3  Spiral Vein Reconstruction

Spiral reconstruction entails using a small calibre 
vein to create a larger diameter graft to match the 
aortic diameter. By stitching the longitudinally 

a

c

b
Fig. 34.5 Explanted 
aortic grafts. (a) 
Explanted endograft 
with suprarenal fixation. 
A large intraluminal 
Foley catheter was used 
for proximal 
supracoeliac 
endoclamping during 
explantation. (b) An 
aortic endograft has 
been removed en bloc 
with a section of 
duodenum containing 
duodenal stents (initially 
placed to treat radiation- 
induced strictures). (c) 
Extensive pulse lavage 
of the operative site after 
debridement of all 
infected tissues
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spatulated vein in a spiral manner, any diameter 
can be created; however, this is usually time- 
consuming with a very long suture line and in vis-
ceral segment reconstruction that is less than ideal.

34.9.4  Cryopreserved Human 
Allografts

Cryopreserved homografts have been an option 
for the last few decades and have gained more 
popularity recently with comparable results to 
deep veins graft in some recent series [76, 77]. 
Due to calibre match, it’s usually the preferred 
option in the thoracic aorta. Visceral jump grafts 
can be constructed using a femoropopliteal arte-
rial homograft or native long saphenous or femo-
ral vein.

34.9.5  Rifampicin-Bonded Grafts

There is some evidence that rifampicin-bonded 
or rifampicin-soaked grafts may allow reason-
able outcomes in the medium term [78, 79].

34.9.6  Bovine Pericardial Tube Grafts

This is a relatively new technique and entails an 
off-label use of the bovine pericardial patches to 
make a tube [20, 80]. The technique is gaining in 
popularity as a reconstruction option. It offers a 
readily available ‘off the shelf’ solution that can 
be constructed on the bench to the required diam-
eter and configuration even before the start of 
the operation. There are a few published reports 
showing good short-term outcome; however, 
long-term outcomes are yet to be assessed [20].

34.9.7  Endograft Preserving 
Techniques

The literature is plagued by small series with rel-
atively short-term follow-up, but some successes 
have been reported without endograft explanta-
tion [81]. Washout, debridement, continuous 
irrigation and omental wrap techniques are some 
of the available tools; however, the long-term 
outcomes remain highly dubious, and we recom-
mend keeping this option as a last resort [82].

a bFig. 34.6 Bifurcated 
NAIS. (a, b) Bifurcated 
neo-aorto-iliac system 
using superficial femoral 
veins for in situ 
reconstruction through 
transperitoneal and 
retroperitoneal 
approaches
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34.9.8  Postoperative Care

This can be a long in-hospital journey, and in 
many cases, the early postoperative days require 
multi-organ support. Ideally the early postop-
erative period should be in an intensive care 
unit, with continuous multidisciplinary team 
input. The combination of sepsis, major surgi-
cal trauma and potentially bleeding can only be 
tolerated with very prompt and comprehensive 
postoperative care. Acute kidney injury and car-
diorespiratory complications are not uncommon 
and need to be managed expectantly. If there are 
any doubts of bleeding, ongoing sepsis or bowel 
malperfusion, we recommend a very low thresh-
old for early imaging or even re-exploration.

Long-term antimicrobial treatment is a funda-
mental part of the postoperative care; the details 
of the antimicrobial treatment are beyond the 
scope of this chapter.

34.10  Conclusion

Aortic graft infection is fatal in the medium term 
without explantation and either in situ or extra- 
anatomic reconstruction. In the visceral segment, 
this carries a substantial morbidity and mortality; 
many patients will be unfit for surgical repair, and 
so optimal multidisciplinary therapy (with the aim 
of suppression of infection) may remain the main-
stay of treatment for many. By definition AGI is 
suspected when mycotic aneurysms are treated 
with endografts (a graft placed in an infected 
field). With appropriate antibiotics cover not all 
cases progress to reach the diagnostic criteria for 
AGI, and survival without explant of the graft in 
the medium term has been shown to be feasible 
in undetermined groups. Long term outcomes are 
yet to be assessed and deaths with sepsis do occur. 
Importantly and towards development of evidence-
based clinical guidelines that are presently lack-
ing, the development of diagnostic criteria for AGI 
provides a consistent diagnostic standard, essen-
tial for future clinical trial design and meaningful 
comparison between diagnostic and therapeutic 

strategies. Working on developing management 
strategies using a multidisciplinary team approach 
could have a positive impact on surgical outcomes. 
A special focus must be placed on reducing the 
incidence of aortic graft infection  [83].

Acknowledgement Vascular Infection Multidisciplinary 
team at Guy’s and St Thomas’ NHS Foundation Trust

Rachel Bell Consultant Vascular Surgeon
Nicholas Price Consultant in Infectious Diseases
Dan Taylor Consultant Anaesthetist

References

 1. Volodos NL, Shekhanin VE, Karpovich IP, Troian 
VI, Gur’ev Iu A.  A self-fixing synthetic blood 
vessel endoprosthesis. Vestn Khir Im I I Grek. 
1986;137(11):123–5.

 2. Volodos NL, Karpovich IP, Shekhanin VE, Troian VI, 
Iakovenko LF.  A case of distant transfemoral endo-
prosthesis of the thoracic artery using a self- fixing 
synthetic prosthesis in traumatic aneurysm. Grudn 
Khir. 1988;6:84–6.

 3. Parodi JC, Palmaz J, Barone HD. Transfemoral intra-
luminal graft implantation for abdominal aortic aneu-
rysms. Ann Vasc Surg. 1991;5:491–9.

 4. Chalmers N, Eadington DW, Gandanhamo D, 
Gillespie IN, Ruckley CV. Case report: infected false 
aneurysm at the site of an iliac stent. Br J Radiol. 
1993;66(790):946–8.

 5. Hobbs SD, Kumar S, GL G-S.  Epidemiology and 
diagnosis of endograft infection. J Cardiovasc Surg. 
2010;51(1):5–14.

 6. Numan F, Gulsen F, Solak S, Cantasdemir 
M. Management of endograft infections. J Cardiovasc 
Surg. 2011;52(2):205–23.

 7. O’Connor S, Andrew P, Batt M, Becquemin JP.  A 
systematic review and meta-analysis of treatments for 
aortic graft infection. J Vasc Surg. 2006;44(1):38–45.

 8. Setacci C, De Donato G, Setacci F, Chisci E, Perulli 
A, Galzerano G, Siringano P.  Management of 
abdominal endograft infection. J Cardiovasc Surg. 
2010;51(1):33–41.

 9. Smeds MR, Duncan AA, Harlander-Locke MP, 
Lawrence PF, Lyden S, Fatima J, Eskandari MK, 
Vascular Low-Frequency Disease Consortium. 
Treatment and outcomes of aortic endograft infection. 
J Vasc Surg. 2016;63(2):332–40.

 10. Wilson WR, Bower TC, Creager MA, Amin-Hanjani 
S, O’Gara PT, Lockhart PB, Darouiche RO, Ramlawi 
B, Derdeyn CP, Bolger AF, Levison ME, Taubert 
KA, Baltimore RS, Baddour LM, American Heart 
Association Committee on Rheumatic Fever E, 
Kawasaki Disease of the Council on Cardiovascular 

34 Management of Aortic Infections: Role of Open Surgery and the Value of Multidisciplinary Team…



404

Disease in the Y, Council on C, Stroke N, Council 
on Cardiovascular R, Intervention, Council on 
Cardiovascular S, Anesthesia, Council on Peripheral 
Vascular D, and Stroke C.  Vascular graft infec-
tions, mycotic aneurysms, and endovascular infec-
tions: a scientific statement from the American Heart 
Association. Circulation. 2016;134(20):e412–e60.

 11. Sorelius K, Mani K, Bjorck M, Sedivy P, Wahlgren 
CM, Taylor P, Clough RE, Lyons O, Thompson M, 
Brownrigg J, Ivancev K, Davis M, Jenkins MP, 
Jaffer U, Bown M, Rancic Z, Mayer D, Brunkwall 
J, Gawenda M, Kolbel T, Jean-Baptiste E, Moll F, 
Berger P, Liapis CD, Moulakakis KG, Langenskiold 
M, Roos H, Larzon T, Pirouzram A, Wanhainen A, 
European MAAc. Endovascular treatment of mycotic 
aortic aneurysms: a European multicenter study. 
Circulation. 2014;130(24):2136–42.

 12. Sorelius K, Wanhainen A, Furebring M, Bjorck M, 
Gillgren P, Mani K, Swedish Collaborator Group for 
Mycotic Abdominal Aortic A.  Nationwide study of 
the treatment of mycotic abdominal aortic aneurysms 
comparing open and endovascular repair. Circulation. 
2016;134(23):1822–32.

 13. Cernohorsky P, Reijnen MM, Tielliu IF, van 
Sterkenburg SM, van den Dungen JJ, Zeebregts 
CJ. The relevance of aortic endograft prosthetic infec-
tion. J Vasc Surg. 2011;54(2):327–33.

 14. Lyons OT, Baguneid M, Barwick TD, Bell RE, Foster 
N, Homer-Vanniasinkam S, Hopkins S, Hussain A, 
Katsanos K, Modarai B, Sandoe JA, Thomas S, NM 
P.  Diagnosis of aortic graft infection: a case defini-
tion by the Management of Aortic Graft Infection 
Collaboration (MAGIC). Eur J Vasc Endovasc Surg. 
2016;52(6):758–63.

 15. Chaufour X, Gaudric J, Goueffic Y, Khodja 
RH, Feugier P, Malikov S, Beraud G, Ricco JB, 
Collaborators A.  A multicenter experience with 
infected abdominal aortic endograft explantation. J 
Vasc Surg. 2017;65(2):372–80.

 16. Hinchliffe RJ, Powell JT. The value of registries for 
rare diseases: bacterial or mycotic aortic aneurysm. 
Circulation. 2014;130(24):2129–30.

 17. Jones KG, Bell RE, Sabharwal T, Aukett M, Reidy 
JF, Taylor PR. Treatment of mycotic aortic aneurysms 
with endoluminal grafts. Eur J Vasc Endovasc Surg. 
2005;29(2):139–44.

 18. Blaisdell FW, Hall AD, Lim RC Jr, Moore WC. Aorto- 
iliac arterial substitution utilizing subcutaneous grafts. 
Ann Surg. 1970;172(5):775–80.

 19. Lyons OT, Patel AS, Saha P, Clough RE, Price N, 
Taylor PR.  A 14-year experience with aortic endo-
graft infection: management and results. Eur J Vasc 
Endovasc Surg. 2013;46(3):306–13.

 20. Weiss S, Tobler EL, von Tengg-Kobligk H, Makaloski 
V, Becker D, Carrel TP, Schmidli J, Wyss TR.  Self 
made Xeno-pericardial aortic tubes to treat native 
and aortic graft infections. Eur J Vasc Endovasc Surg. 
2017;54(5):646–52.

 21. Heinola I, Kantonen I, Jaroma M, Alback A, Vikatmaa 
P, Aho P, Venermo M. Editor’s choice - treatment of 

aortic prosthesis infections by graft removal and in 
situ replacement with autologous femoral veins and 
fascial strengthening. Eur J Vasc Endovasc Surg. 
2016;51(2):232–9.

 22. Harlander-Locke MP, Harmon LK, Lawrence PF, 
Oderich GS, McCready RA, Morasch MD, Feezor 
RJ, Vascular Low-Frequency Disease C, Zhou W, 
Bismuth J, Pevec WC, Correa MP, Jim J, Ladowski 
JS, Kougias P, Bove PG, Wittgen CM, White JV. The 
use of cryopreserved aortoiliac allograft for aor-
tic reconstruction in the United States. J Vasc Surg. 
2014;59(3):669–74.

 23. Weymann A, Ruhparwar A, Karck M.  Management 
of abdominal stent graft infection with cryopre-
served aortic allograft. Asian Cardiovasc Thorac Ann. 
2016;24(9):904.

 24. Oderich GS, Bower TC, Cherry KJ Jr, Panneton JM, 
Sullivan TM, Noel AA, Carmo M, Cha S, Kalra M, 
Gloviczki P. Evolution from axillofemoral to in situ 
prosthetic reconstruction for the treatment of aor-
tic graft infections at a single center. J Vasc Surg. 
2006;43(6):1166–74.

 25. van Zitteren M, van der Steenhoven TJ, Burger DH, 
van Berge Henegouwen DP, Heyligers JM, Vriens 
PW. Spiral vein reconstruction of the infected abdom-
inal aorta using the greater saphenous vein: prelimi-
nary results of the Tilburg experience. Eur J Vasc 
Endovasc Surg. 2011;41(5):637–46.

 26. Evans TJ, Lyons OT, Brown A, Price N, Bell RE, 
Sallam M.  Mycotic aneurysm following a dog bite: 
the value of the clinical history and molecular diag-
nostics. Ann Vasc Surg. 2016;32:130–e5.

 27. Setacci C, Chisci E, Setacci F, Ercolini L, de 
Donato G, Troisi N, Galzerano G, Michelagnoli 
S.  How to diagnose and manage infected endo-
grafts after endovascular aneurysm repair. Aorta. 
2014;2(6):255–64.

 28. Williamson MR, Boyd CM, HR S. Prosthetic vascu-
lar graft infections: diagnosis and treatment. Crit Rev 
Diagn Imaging. 1989;29(2):181–213.

 29. Rossi P, Arata FM, Salvatori FM, Bezzi M, Speziale 
F, Lauri D, Sbarigia E.  Prosthetic graft infection: 
diagnostic and therapeutic role of interventional 
radiology. J Vasc Interv Radiol. 1997;8(2):271–7.

 30. FitzGerald SF, Kelly C, Humphreys H. Diagnosis and 
treatment of prosthetic aortic graft infections: confusion 
and inconsistency in the absence of evidence or con-
sensus. J Antimicrob Chemother. 2005;56(6):996–9.

 31. Valentine RJ.  Diagnosis and management of aortic 
graft infection. Semin Vasc Surg. 2001;14(4):292–301.

 32. Orton DF, LeVeen RF, Saigh JA, Culp WC, Fidler 
JL, Lynch TJ, Goertzen TC, McCowan TC.  Aortic 
prosthetic graft infections: radiologic manifestations 
and implications for management. Radiographics. 
2000;20(4):977–93.

 33. Fiorani P, Speziale F, Rizzo L, De Santis F, Massimi 
GJ, Taurino M, Faraglia V, Fiorani L, Baiocchi P, 
Santini C, et  al. Detection of aortic graft infection 
with leukocytes labeled with technetium 99m-hexam-
etazime. J Vasc Surg. 1993;17(1):87–95. discussion -6

M. Sallam et al.



405

 34. Bruggink JL, Glaudemans AW, Saleem BR, 
Meerwaldt R, Alkefaji H, Prins TR, Slart RH, 
Zeebregts CJ. Accuracy of FDG-PET-CT in the diag-
nostic work-up of vascular prosthetic graft infection. 
Eur J Vasc Endovasc Surg. 2010;40(3):348–54.

 35. Modrall JG, Clagett GP.  The role of imaging 
techniques in evaluating possible graft infections. 
Semin Vasc Surg. 1999;12(4):339–47.

 36. Liberatore M, Iurilli AP, Ponzo F, Prosperi D, Santini 
C, Baiocchi P, Rizzo L, Speziale F, Fiorani P, Colella 
AC. Clinical usefulness of technetium-99m-HMPAO- 
labeled leukocyte scan in prosthetic vascular graft 
infection. J Nucl Med. 1998;39(5):875–9.

 37. Saleem BR, Berger P, Vaartjes I, de Keizer B, Vonken 
EJ, Slart RH, de Borst GJ, Zeebregts CJ. Modest utility 
of quantitative measures in (18)F-fluorodeoxyglucose 
positron emission tomography scanning for the 
diagnosis of aortic prosthetic graft infection. J Vasc 
Surg. 2015;61(4):965–71.

 38. Speziale F, Calisti A, Zaccagnini D, Rizzo L, 
Fiorani P.  The value of technetium-99m HMPAO 
leukocyte scintigraphy in infectious abdominal aortic 
aneurysm stent graft complications. J Vasc Surg. 
2002;35(6):1306–7.

 39. Spacek M, Belohlavek O, Votrubova J, Sebesta 
P, Stadler P.  Diagnostics of “non-acute” vascular 
prosthesis infection using 18F-FDG PET/CT: our 
experience with 96 prostheses. Eur J Nucl Med Mol 
Imaging. 2009;36(5):850–8.

 40. Fukuchi K, Ishida Y, Higashi M, Tsunekawa T, Ogino 
H, Minatoya K, Kiso K, Naito H. Detection of aortic 
graft infection by fluorodeoxyglucose positron emis-
sion tomography: comparison with computed tomo-
graphic findings. J Vasc Surg. 2005;42(5):919–25.

 41. Tokuda Y, Oshima H, Araki Y, Narita Y, Mutsuga M, 
Kato K, Usui A.  Detection of thoracic aortic pros-
thetic graft infection with 18F-fluorodeoxyglucose 
positron emission tomography/computed tomogra-
phy. Eur J Cardiothorac Surg. 2013;43(6):1183–7.

 42. Lauwers P, Van den Broeck S, Carp L, Hendriks J, 
Van Schil P, Blockx P.  The use of positron emis-
sion tomography with (18)F-fluorodeoxyglucose for 
the diagnosis of vascular graft infection. Angiology. 
2007;58(6):717–24.

 43. Keidar Z, Engel A, Hoffman A, Israel O, Nitecki 
S. Prosthetic vascular graft infection: the role of 18F- 
FDG PET/CT. J Nucl Med. 2007;48(8):1230–6.

 44. Tegler G, Sorensen J, Bjorck M, Savitcheva I, 
Wanhainen A. Detection of aortic graft infection by 
18-fluorodeoxyglucose positron emission tomography 
combined with computed tomography. J Vasc Surg. 
2007;45(4):828–30.

 45. Stadler P, Bilohlavek O, Spacek M, Michalek 
P.  Diagnosis of vascular prosthesis infection with 
FDG-PET/CT. J Vasc Surg. 2004;40(6):1246–7.

 46. Balink H, Reijnen MM.  Diagnosis of abdominal 
aortic prosthesis infection with FDG-PET/CT.  Vasc 
Endovasc Surg. 2007;41(5):428–32.

 47. Chrapko BE, Chrapko M, Nocun A, Stefaniak B, 
Zubilewicz T, Drop A.  Role of 18F-FDG PET/

CT in the diagnosis of inflammatory and infectious 
vascular disease. Nucl Med Rev Cent East Eur. 
2016;19(1):28–36.

 48. Shahidi S, Eskil A, Lundof E, Klaerke A, Jensen 
BS.  Detection of abdominal aortic graft infection: 
comparison of magnetic resonance imaging and 
indium-labeled white blood cell scanning. Ann Vasc 
Surg. 2007;21(5):586–92.

 49. Spartera C, Morettini G, Bafile G, Di Cesare E, 
Alagia G, Ventura M. Diagnostic imaging techniques 
in vascular graft infection. Eur J Vasc Endovasc Surg. 
1997;14:24–6.

 50. Sah BR, Husmann L, Mayer D, Scherrer A, 
Rancic Z, Puippe G, Weber R, Hasse B, Cohort 
V.  Diagnostic performance of 18F-FDG-PET/CT in 
vascular graft infections. Eur J Vasc Endovasc Surg. 
2015;49(4):455–64.

 51. Keidar Z, Pirmisashvili N, Leiderman M, Nitecki S, 
Israel O. 18F-FDG uptake in noninfected prosthetic 
vascular grafts: incidence, patterns, and changes over 
time. J Nucl Med. 2014;55(3):392–5.

 52. Weinstein EA, Ordonez AA, DeMarco VP, Murawski 
AM, Pokkali S, MacDonald EM, Klunk M, Mease RC, 
Pomper MG, Jain SK.  Imaging Enterobacteriaceae 
infection in  vivo with 18F-fluorodeoxysorbitol 
positron emission tomography. Sci Transl Med. 
2014;6(259):259ra146.

 53. Seifert H. The clinical importance of microbiological 
findings in the diagnosis and management of blood-
stream infections. Clin Infect Dis. 2009;48(Suppl 
4):S238–45.

 54. McDougal EG, Burnham SJ, Johnson G Jr. Rifampin 
protection against experimental graft sepsis. J Vasc 
Surg. 1986;4(1):5–7.

 55. Cunat JS, Haaga JR, Rhodes R, Bekeny J, El 
Yousef S.  Periaortic fluid aspiration for recogni-
tion of infected graft: preliminary report. AJR Am J 
Roentgenol. 1982;139(2):251–3.

 56. Belair M, Soulez G, Oliva VL, Laperriere J, Gianfelice 
D, Blair JF, Sarrazin J, Therasse E. Aortic graft infec-
tion: the value of percutaneous drainage. AJR Am J 
Roentgenol. 1998;171(1):119–24.

 57. Hart JP, Eginton MT, Brown KR, Seabrook GR, 
Lewis BD, Edmiston CE Jr, Towne JB, Cambria 
RA. Operative strategies in aortic graft infections: is 
complete graft excision always necessary? Ann Vasc 
Surg. 2005;19(2):154–60.

 58. Blanch M, Berjon J, Vila R, Simeon JM, Romera A, 
Riera S, Cairols MA. The management of aortic stent- 
graft infection: endograft removal versus conservative 
treatment. Ann Vasc Surg. 2010;24(4):554 e1–5.

 59. Lawrence PF. Conservative treatment of aortic graft 
infection. Semin Vasc Surg. 2011;24(4):199–204.

 60. Morris GE, Friend PJ, Vassallo DJ, Farrington M, 
Leapman S, Quick CR. Antibiotic irrigation and con-
servative surgery for major aortic graft infection. J 
Vasc Surg. 1994;20(1):88–95.

 61. Wakefield TW, Schaberg DR, Pierson CL, Bouffard 
JA, Petry NA, Nolan KD, Spaulding SA, Whitehouse 
WM Jr, Stanley JC.  Treatment of established pros-

34 Management of Aortic Infections: Role of Open Surgery and the Value of Multidisciplinary Team…



406

thetic vascular graft infection with antibiotics pref-
erentially concentrated in leukocytes. Surgery. 
1987;102(1):8–14.

 62. Saleem BR, Berger P, Zeebregts CJ, Slart RH, 
Verhoeven EL, van den Dungen JJ.  Periaortic 
endograft infection due to Listeria monocyto-
genes treated with graft preservation. J Vasc Surg. 
2008;47(3):635–7.

 63. Pryluck DS, Kovacs S, Maldonado TS, Jacobowitz GR, 
Adelman MA, Charles HC, Clark TW. Percutaneous 
drainage of aortic aneurysm sac abscesses following 
endovascular aneurysm repair. Vasc Endovasc Surg. 
2010;44(8):701–7.

 64. Numan F, Gulsen F, Cantasdemir M, Solak S, Arbatli 
H. Percutaneous treatment of an infected aneurysmal 
sac secondary to aortoesophageal fistula with a history 
of stent-graft treatment for thoracic aortic aneurysm. 
Cardiovasc Intervent Radiol. 2012;35(3):690–4.

 65. Rosbotham JL, Brice GW, Child AH, Nunan TO, 
Mortimer PS, Burnand KG. Distichiasis- lymphoedema: 
clinical features, venous function and lymphoscintigra-
phy. Br J Dermatol. 2000;142(1):148–52.

 66. Clough RE, Black SA, Lyons OT, Zayed HA, Bell 
RE, Carrell T, Waltham M, Sabharwal T, Taylor PR. Is 
endovascular repair of mycotic aortic aneurysms a 
durable treatment option? Eur J Vasc Endovasc Surg. 
2009;37(4):407–12.

 67. Krysa J, Taylor P.  Explantation of aortic infrarenal 
stent graft. Ann R Coll Surg Engl. 2012;94(5):365–6.

 68. Shibutani S, Obara H, Ono S, Kakefuda T, Kitagawa 
Y.  Complete removal of infected abdominal aortic 
stent-graft with suprarenal fixation. Ann Vasc Surg. 
2011;25(7):980.e7–10.

 69. Brinster CJ, Fairman RM, Woo EY, Wang GJ, 
Carpenter JP, Jackson BM. Late open conversion and 
explantation of abdominal aortic stent grafts. J Vasc 
Surg. 2011;54(1):42–6.

 70. Usatii A, Payne W, Santilli S. Removal of an infected 
aortic endograft and open aortic reconstruction: tech-
nical remarks. Ann Vasc Surg. 2013;27(5):679–83.

 71. Chaufour X, Segal J, Lebas B, Le Gall M, Galley 
J. Comparative analysis of the results of the conven-
tional surgical treatment of the juxtarenal and suprare-
nal abdominal aorta. Ann Vasc Surg. 2017;38:e25–e6.

 72. May J, White GH, Harris JP.  Techniques for surgi-
cal conversion of aortic endoprosthesis. Eur J Vasc 
Endovasc Surg. 1999;18(4):284–9.

 73. Sternbergh WC 3rd, Conners MS 3rd, Money SR. 
Explantation of an infected aortic endograft with 
suprarenal barb fixation. J Vasc Surg. 2003;38(5):1136.

 74. Debus ES, Diener H. Reconstructions following graft 
infection: an unsolved challenge. Eur J Vasc Endovasc 
Surg. 2017;53(2):151–2.

 75. Charlton-Ouw KM, Sandhu HK, Huang G, Leake 
SS, Miller CC 3rd, Estrera AL, Azizzadeh A, Safi 
HJ. Reinfection after resection and revascularization 
of infected infrarenal abdominal aortic grafts. J Vasc 
Surg. 2014;59(3):684–92.

 76. Minga Lowampa E, Holemans C, Stiennon L, Van 
Damme H, Defraigne JO.  Late fate of cryopre-
served arterial allografts. Eur J Vasc Endovasc Surg. 
2016;52(5):696–702.

 77. Heo SH, Kim YW, Woo SY, Park YJ, Kim DK, Chung 
DR. Recent results of in situ abdominal aortic recon-
struction with cryopreserved arterial allograft. Eur J 
Vasc Endovasc Surg. 2017;53(2):158–67.

 78. Uchida N, Katayama A, Tamura K, Miwa S, 
Masatsugu K, Sueda T. In situ replacement for mycotic 
aneurysms on the thoracic and abdominal aorta using 
rifampicin-bonded grafting and omental pedicle graft-
ing. Ann Thorac Surg. 2012;93(2):438–42.

 79. Oderich GS, Bower TC, Hofer J, Kalra M, Duncan 
AA, Wilson JW, Cha S, Gloviczki P.  In situ 
rifampin- soaked grafts with omental coverage and 
antibiotic suppression are durable with low reinfec-
tion rates in patients with aortic graft enteric ero-
sion or fistula. J Vasc Surg. 2011;53(1):99–106. 7 
e1–7; discussion −7

 80. Dulbecco E, Camporrotondo M, Blanco G, Haberman 
D.  In situ reconstruction with bovine pericardial 
tubular graft for aortic graft infection. Rev Bras Cir 
Cardiovasc. 2010;25(2):249–52.

 81. Calligaro KD, Veith FJ, Yuan JG, Gargiulo NJ, 
Dougherty MJ.  Intra-abdominal aortic graft infec-
tion: complete or partial graft preservation in 
patients at very high risk. J Vasc Surg. 2003;38(6): 
1199–205.

 82. Kloppenburg GTL, van de Pavoordt E, de Vries 
JPM. Endograft-preserving therapy of a patient with 
Coxiella burnetii-infected abdominal aortic aneu-
rysm: a case report. J Med Case Rep. 2011;5:565.

 83. Allegranzi B, Zayed B, Bischoff P, Kubilay NZ, de 
Jonge S, de Vries F, Gomes SM, Gans S, Wallert 
ED, Wu X, Abbas M, Boermeester MA, Dellinger 
EP, Egger M, Gastmeier P, Guirao X, Ren J, Pittet 
D, Solomkin JS, Group WHOGD.  New WHO rec-
ommendations on intraoperative and postoperative 
measures for surgical site infection prevention: an 
evidence-based global perspective. Lancet Infect Dis. 
2016;16(12):e288–303.

M. Sallam et al.


	34: Management of Aortic Infections: Role of Open Surgery and the Value of Multidisciplinary Team Approach
	34.1	 Introduction
	34.2	 Diagnosis of Aortic Prosthetic Infection
	34.3	 The Role of 18F-FDG PET/CT and Labelled Leucocytes
	34.4	 Decision-Making
	34.5	 Medical Management
	34.6	 Endograft Bridging in Aorto-enteric Fistulae
	34.7	 The Role of Percutaneous Drainage and Irrigation
	34.8	 Open Surgery for Visceral Segment Infection
	34.8.1	 Aim of Treatment
	34.8.2	 Treatment Options
	34.8.3	 Open Surgery
	34.8.3.1	 Perioperative Planning Considerations
	34.8.3.2	 Damage Control Plan
	34.8.3.3	 Preoperative Optimization Plan
	34.8.3.4	 Intraoperative Plan
	34.8.3.5	 Access
	34.8.3.6	 Control
	34.8.3.7	 Specific Considerations for Thoracic Aorta
	34.8.3.8	 Explantation and Debridement


	34.9	 Techniques of Reconstruction
	34.9.1	 Extra-anatomic
	34.9.2	 Deep (Femoral) Veins
	34.9.3	 Spiral Vein Reconstruction
	34.9.4	 Cryopreserved Human Allografts
	34.9.5	 Rifampicin-Bonded Grafts
	34.9.6	 Bovine Pericardial Tube Grafts
	34.9.7	 Endograft Preserving Techniques
	34.9.8	 Postoperative Care

	34.10	 Conclusion
	References




