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Abstract Infection of a vascular prosthesis or endovas-
cular stent-graft is probably the most serious complication
that may occur after implantation and dramatically affects
the patient’s outcome. The most common etiology of graft
and/or prosthetic valve infection is usually wound-related
infection, followed by seeding from distant infection sites
(lung, urinary tract). Surgical treatment is almost always
required but even after surgery, morbidity can be signifi-
cant. Operative procedure must be tailored according to
the individual patient and to the experience of the surgi-
cal team. Complete resection of the infected foreign mate-
rial with débridement of the surrounding tissue gives most
probably the best results. Orthotopic reconstruction is the
best option for all thoracic and thoraco-abdominal patholo-
gies and the use of coated prostheses, industrially fabricated
bio-conduits, homografts or self-made vascular tubes from
xenopericardial tissue has to be discussed from case to case.
In some exceptional situations, endovascular stent-graft can
be performed as bridging to a more complete treatment if
general condition of the patient has to be stabilized.

Keywords Aortic graft infection - TEVAR - Homografts -
Xeno-pericardial aortic tubes
Introduction

Infection of a vascular prosthesis is the most serious compli-
cation following surgical or endovascular implantation that
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dramatically affects the prognosis of the patient. Removal
of the infected graft or stent-graft is almost always required
but even though surgery has been successful, morbidity may
still be significant. Incidence of a vascular graft infection has
been reported between 0.5 and 5% [1, 2]. It is influenced by
implant site, indication for the prior intervention, underlying
diseases and host defense. In the current literature, prosthetic
graft infection following thoracic aortic procedures is signif-
icantly lower than after abdominal aortic surgery or periph-
eral vascular interventions. The incidence of infections fol-
lowing percutaneous insertion of endovascular stent-grafts
is even lower (around 1% or below) in some series [3-5].

An appropriate perioperative prophylactic strategy and
expedient surgery are important factors to avoid graft infec-
tion. Prophylactic antibiotic administration is recommended
before vascular and endovascular prosthetic implantation
and has been shown to decrease the risk of wound infection
that may be a risk factor for subsequent graft infection [6].
Systemic antibiotics (usually cephalosporins, exceptionally
vancomycin) should be administered before skin incision
and at regular intervals during the procedure, particularly
in case of prolonged operative time (>4 h).

Three different mechanisms may lead to infection of a
vascular graft or stent-graft with bacteria or fungi: (1) peri-
operative contamination, (2) bacteremia with consecutive
seeding of the implant material and (3) mechanical erosion
of the graft/stent-graft into the esophagus or the bronchial
system. Potential causes for graft contamination include
breaks in aseptic operative technique, prolonged procedures,
a diseased aortic wall (with contaminated thrombus mate-
rial), as well as injury to lung tissue or esophagus when
dissecting adhesions.

While skin is probably the major source of bacteria,
graft surface can directly contact microorganisms during
the procedure, later during follow-up in case of a wound
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complication or by hematogenous spread from remote sites
of infection (the most frequent ones being urinary tract
infection, pneumonia, and central-venous catheter infection).
Mechanical erosion of an aortic prosthesis into an adjacent
structure (esophagus, bronchial system and duodenum) is a
very rare but specially challenging complication.

Depending on the timing of clinical presentation, pros-
thetic graft infection can be classified into early versus late,
the threshold for late infection being 4-6 months after the
primary surgery or endovascular intervention. Prompt diag-
nosis and adequate treatment are essential to avoid more
dramatic outcome (uncontrolled septicemia, massive bleed-
ing through arosion of neighbor tissues and/or anastomotic
dehiscence). Initial clinical presentation may be subtle,
particularly in those patients with intracavitary graft infec-
tion (e.g., thoracic and abdominal location). Patients with
a thoracic aortic graft infection may present with signs of
subcutaneous, sternal or retrosternal infection, recurrent
pericardial effusion as well as single or recurrent episodes
of hematemesis or hemoptoe in case a descending aortic
graft is involved [7].

Late infections typically results from colonization
through low-virulence organisms, such as staphylococcus
epidermidis and candida species. The nature of late infection
is more indolent without signs of septicemia; one of the most
suggesting sign is the absence of graft incorporation with
surrounding tissue and the presence of perigraft fluid (+ gas
particles) containing large amounts of leucocytes.

In patients with unspecific symptoms but clinical suspi-
cion, extensive imaging techniques (echocardiography, CT-
scan, MRI, PET-CT-scan, other nuclear examination) should
be performed. The following signs should be considered as
indicative of a prosthetic infection:

e Perigraft abscess and anastomotic aneurysm

e Perigraft air or fluid

e Contrast-enhancement as well as border contour, and
perigraft seroma

¢ Lymph node enlargement (more than 3 nodes >6 mm on
the short axis)

e Fat-stranding

e Osteomyelitis of the sternum or thoracic vertebrae

In any case, the patient should be asked for recent ill-
nesses that may have resulted in hematogenous or lym-
phatic seeding of the graft. In the lab exams, elevated white
blood cell count associated to a left-shift is common, but
not obligatory neither specific. In unclear cases, assessment
of pro-calcitonin may be helpful. Functional radionuclide
imaging (PET-scan) may confirm the presence of a clinically
suspected graft infection when signs of perigraft abscess
are equivocal. The presence of fluid and air surrounding the
aortic graft is a normal finding in the early postoperative

period and should resolve with time; however, any gas in
the periprosthetic tissue on CT-scan should be judged as
abnormal beyond 6-8 weeks after primary surgery. The most
useful feature of MRI is its ability to distinguish between
perigraft fluid and perigraft fibrosis, thanks to signal inten-
sity differences between T1 and T2 weighted images. This
type of examination is not useful in the early postoperative
period because of non-specific uptake in the vicinitiy of the
perigraft but the accuracy of functional imaging increases
to approximatively 90-95% after 3-4 months.

Addressing the lack of diagnostic criteria, Lyons et al.
recently proposed a case definition of aortic graft infection
including clinical/surgical, radiological and laboratory cri-
teria [8]. Intraoperative collection of tissue and graft sam-
ples for microbiological and histopathological analyses is
of utmost importance, not only to find causing microorgan-
isms, but to differ between infection-specific and foreign
body inflammatory reaction.

Fortunately, most cases of graft infection are discovered
in time to allow adequate preoperative planning, determi-
nation of the extent of the graft infection and perhaps also
identification of the responsible pathogen. This is important
because additional surgical procedures may be needed at the
level of the esophagus, the bronchial system and/or the lung
tissue. Since persistent infection of a non-excised prosthetic
graft segment is the major reason for treatment failure, surgi-
cal exploration remains the most reliable method to resect
the prosthetic material as completely as possible and to clean
the surrounding tissues: this is still the best option to defi-
nitely cure the patients [9-13].

However, attempts of graft preservation with antibiotic
therapy and local vacuum treatment have been reported in
singular cases, especially in cases of early graft infection
[14, 15]. In a recently published study by the group of Han-
novre, 25 patients were reported [16]. They all were treated
for early graft infection after thoracic aortic surgery via ster-
notomy. In 11 patients, the infected prosthesis was replaced
by a cryopreserved homograft or a biological valved peri-
cardial xenograft. In 14 patients, an attempt to salvage the
graft was made by resternotomy, aggressive debridement
and subsequent continuous mediastinal antibiotic irrigation
over a course of 2 weeks, accompanied by systemic antibi-
otic therapy. In-hospital mortality was comparable (replace-
ment group: 2/11=18%, graft-sparing group: 2/14=14%,
P =ns). The time interval from the initial surgery was sig-
nificantly shorter in the graft-sparing group: 24 days (range
15-93 days) versus 165 days (range 95-300 days) in the
replacement group (P =0.004). Two patients treated with
the graft-sparing approach more than 100 days after the ini-
tial surgery, required additional treatment because of infec-
tion, and one patient was not amenable to external irrigation
because of an infection of an aortic arch hybrid stent graft.
The authors concluded that in-situ graft-sparing surgical
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therapy may be safe and effective if diagnosis and treatment
of aortic graft infection is initiated promptly and aggres-
sively (ideally < 1 month post-surgery). This method pro-
duced good mid-term results up to 3 years. For aortic graft
infections that become clinically apparent >3-6 months
after surgery, the authors recommended replacement of the
infected grafts with biological conduits (homografts or peri-
cardial xenografts) as the best treatment option.

After graft and endovascular graft excision, débridement
of all inflammatory tissues and appropriate drainage of the
prior graft bed are important principles for preventing per-
sistence of the infection process. Since the aortic wall adja-
cent to the infected graft is a potential reservoir of bacteria,
the wall itself and perigraft tissues should be debrided. In
some instances, coverage of the new graft and its anastomo-
ses with viable non-infected tissue (omentum, intercostal
muscle flaps) may favor healing ad separate the new graft
from adjacent structures.

The principle of graft excision and extra-anatomic bypass
useful for peripheral reconstruction is not applicable for the
majority of patient with a thoracic aortic graft infection and/
or a prosthetic aortic valve endocarditis in a composite graft
prosthesis. In these cases, in-situ maintenance of the circula-
tion is the only viable option.

To replace the resected prosthetic graft or endovascular
stent-graft, different materials have been described: anti-
biotics- and silver-coated prosthetic grafts, xenografts (for
instance the porcine mini-root and xeno-pericardial indus-
trial conduits). Homografts have been generally considered
more resistant against reinfection. Unfortunately, their avail-
ability is limited.

Coated vascular graft

The idea to coat vascular prosthetic grat material with antibi-
otics or silver as an anti-infective agent goes back to the late
eighties. In a study published in 1991, the efficacy of bond-
ing rifampin to double-velour small caliber Dacron grafts
with collagen to prevent graft sepsis was tested in a canine
model [17]. Fifty 6.0 mm Dacron grafts impregnated with
either collagen (control) or collagen plus rifampin (experi-
mental) were implanted into the infrarenal aorta. The dogs
were divided into four groups as a function of time between
grafting and bacterial challenge. The groups were challenged
with 1.2 10 (8) colony forming units of Staphylococcus
aureus (clinical isolate) intravenously suspended in 250 ml
normal saline at day 2, 7, 10 and 12. Three weeks after
hematogenous seeding, the grafts were harvested. In the 2-
and 7-day group, 4/6, respectively 5/6 control grafts were
infected compared with zero of 12 experimental grafts (P
less than 0.030). In the 10-, respectively 12-day group, 1/6,
resp. 2/6 experimental grafts were infected, but the control
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group had only 2/6 and 1/6 graft infections. These results
indicated that rifampin bonded with collagen to knitted
Dacron grafts may effectively protect the graft from bacte-
remic infection during 7 days after implantation. Additional
literature is available on this topic [18-20].

In a clinical setting, a postmarket surveillance registry
was performed to document the efficacy of a vascular pros-
thesis coated with metallic-silver in high-risk patients under-
going vascular reconstructions [21]. Patency and freedom
from graft infection data were assessed at a minimum of
12 months in patients with significant co-morbidity and/or
confirmed graft infections or infected native vessels. 230
patients with high-risk factors underwent aortic, peripheral
and/or extra-anatomic reconstructions with Silver Graft®.
Ten of these 230 patients had graft infections at baseline
whereas the remaining 220 subjects had significant risk
factors vascular access in scar tissue (27.3%), chronic
renal insufficiency (26.8%) and diabetes (21.0%). There
was a freedom from de novo graft infection rate of 95.9%
(211/220) in the high-risk group without graft infections at
baseline. This registry revealed favorable patency and free-
dom from de novo infections rates in a ‘high-risk’ population
with significant co-morbidities. However, the experience is
too scarce to draw some valuable conclusions. One of the
main advantages of course is the immediate availability of
such grafts but some significant issues remain unsolved
or unanswered: so the rate of definitive cure, the need for
additional long-term antibiotic treatment and the rate of
recurrent infection. In addition, the outcome in the thoracic
aortic segments is unknown since in the published series,
the majority of patients underwent peripheral or abdominal
aortic surgery.

Experience with a xeno-pericardial conduit (the
former Shelhigh conduit: now bio-integral)

We have used—as other—the Shelhigh™ stentless aor-
tic valve conduit in the setting of aortic root infection and
in cases of complex redo-procedures [22, 23]. This was a
totally biologic conduit, available in size between 21 and
31 mm. The conduit and the valve were glutaraldehyde
cross-linked, detoxified and heparin-treated with No-react®.
It was expected that this proprietary detoxification process
eliminates residual glutaraldehyde and ensures stable tissue
cross-linking with less calcification and tissue deterioration
in the long-term. The 15 cm long pericardial tube can be
trimmed for each case (Fig. 1).

Initial clinical experience was very satisfying regard-
ing the technical handling of the graft, the postoperative
hemodynamics and the short-term clinical results. Excel-
lent short-term outcome data were demonstrated as well by
several teams in UK and Germany when the Shelhigh valves
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Fig.1 a Implantation of a Shelhigh porcine xeno-pericardial com-
posite graft in a patient with prosthetic valve endocarditis and
destruction of the aortic root. The anastomosis with the left coronary
ostium has been performed. b Intraoperative situs after completion of
the distal anastomosis. Very satisfying hemostasis

or valved conduits were used in infective valve endocarditis.
We optimistically implanted this graft in patients scheduled
for a biological aortic root replacement, especially in com-
plex situations (acute type A aortic dissection, endocarditis
and complex redo-procedures). After a short positive expe-
rience, our expectations were increasingly conflicted since
several patients presented with unclear findings, looking like
a disintegration of the graft along with rupture of the aor-
tic root requiring extensive re-operation [23]. At that time,
exchange with other institutions that implanted this conduit
revealed that our observations were not singular. In a retro-
spective study in 2 institutions, we reported the experience
in 291 consecutive patients. In 26 patients, the conduit was
implanted in an infective situation re-operation was required
after a mean interval of 5+ 3.8 years in 25 (8.6%) patients
due to infection of the conduit (n=9), aorto-ventricular dis-
connection (n=4), pseudo-aneurysm formation (n=4) and
structural valve degeneration (n=38) [24].

Similar findings were described by Calderon who pre-
sented a series of 51 consecutive patients with a re-operation
rate of 13% (7/51) [25]. We have stopped the implantation of
Shelhigh conduits years ago and recommend close follow-up
of patients with this aortic valved conduit.

Other have started with a similar implant (the Bio-Inte-
gral© conduit) from the same company and have reported
satisfying early and mid-term results [26].

Freestyle mini-root porcine graft

This xenograft implant is a promising material for the treat-
ment of aortic valve endocarditis with aortic root involve-
ment (abscess, aorto-ventricular disconnection) [27, 28].
However, the implant is usually to short when a longer seg-
ment of the ascending aorta has to be replaced. In these
cases, it has to be combined with a new prosthetic graft or
better with a xeno-pericardial aortic tube (see below). Our
experience is limited to 4 cases with promising outcome,
however, the results cannot be generalized due to the small
number of patients.

Aortic homograft

Initial enthusiasm for use of cryopreserved arterial allografts
was subsequently tempered by suboptimal long-term out-
come [29-32]. Severe calcification, anastomotic pseudo-
aneurysm, allograft disruption, aneurysmal degeneration,
and more rarely persistent infection have been reported in
series with long-term follow-up. In a recent series including
quite a lot of patients operated because of an infected vascu-
lar prosthesis, the authors reviewed their experience over the
past 15 years with the use of cryopreserved arterial allografts
as a vascular substitute for vascular prosthetic infection or
for primary arterial infection and investigated allograft-
related complications [33]. 103 cryopreserved arterial allo-
grafts were inserted in 96 patients. There were 78 patients
with infected vascular prosthesis (IVP), nine patients with an
aorto-enteric fistula (AEF), and nine patients with primary
arterial infection (PAI).

The in-hospital mortality was 9% in patients with an
infected vascular prosthesis, and 30% in those with an
aorto-enteric fistula, while there was no mortality in patients
with primary vascular infection. Median follow-up was
49 months. Allograft-related re-interventions were necessary
in 29% of the patients with IVP and four of the patients with
AEF, but none of the patients with PAI. Five-year survival
for the IVP, AEF, and PAI patients was 53, 44, and 90%,
respectively.
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This series highlighted some shortcomings of cryopre-
served arterial allografts in the long-term, including subop-
timal outcome-results and shortage of material.

In contrast to these relatively modest results, homografts
have been considered as optimal substitutes for the infected
aortic root with intra- or peri-aortic abscess, subvalvular
aneurysm and for all types of ventriculo-aortic desinser-
tion (Fig. 2). Several series with very satisfying early and
long-term outcome have been published. Of course, valvular
degeneration is an important issue (like any biological valve)
and the main problem during re-operation is usually the cal-
cification of the vascular part of the homograft, making the
access to the aortic valve difficult. In cases of circular cal-
cification of the homograft, either complete replacement of

the aortic root is necessary. In cases in which a less aggres-
sive procedure would be a wise option, aortotomy may be
performed distally to the suture between the homograft and
the native aorta and the implantation of a sutureless valve
may be a valuable and much easier option after resection of
the calcified valve.

Self-made bovine pericardial tube grafts

Our clinical experience towards these different strategies has
evolved over the last 20 years. While we started with pre-
fabricated xeno-pericardial implants and homografts, the use
of self-fabricated xeno-pericardial aortic tubes is now the

Fig. 2 a Younger Loeys—Dietz patient with an infected pseudoaneu-
rysm of the left main coronary following multiple surgeries on the
aortic root (repeated composite graft procedures). b Postoperative
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preferred method beside homografts that remains the gold
standard in cases in which the aortic root has to be replaced.

Preoperative positron emission computed tomography as
well as radiologically guided aspiration of peri-aortic fluid
was used in selected cases in the most recent period. Post-
operative follow-up include regular visits in the dedicated
aortic outpatient clinic with imaging by computed tomogra-
phy and/or magnetic resonance performed at least between 3
and 6 months postoperatively and thereafter according to the
patient’s condition and laboratory parameters. The imaging
studies are reviewed on a reglar basis for signs of reinfec-
tion, graft calcification, thrombosis, anastomotic stenosis
and aneurysm.

We started with self-made aortic tube grafts of xeno-per-
icardial tissue in 2008. Our experience has been published
previously [7, 34]. The pericardial tube graft is prepared
simultaneously by a second surgeon using a 14 X 8 cm Sup-
ple Peri-Guard® (Synovis Surgical Innovations, St. Paul,
MN, USA) or 15 % 10 cm SIM Biocor™ (St. Jude Medical,
St. Paul, MN, USA) bovine pericardial patch. The patch is
tailored according to the diameter and length of the aortic
segment using a bougie-like caliper (Fig. 3). The patch is
sewn to form a tube using a non-absorbable (polypropylene)
4-0 running suture (Prolene®, Ethicon, Somerville, NJ/Cin-
cinnati, OH, USA). that is interrupted every 5 cm.

Patients requiring surgery because of an infected graft in
the ascending and/or aortic arch (n="7) location were oper-
ated on using cardiopulmonary bypass and hypothermic cir-
culatory arrest using selective antegrade cerebral perfusion
if the distal anastomosis or reconstruction involved the aortic
arch. Patients with a pathology involving the descending or
thoraco-abdominal aorta (n = 14) were operated on using a
left-heart bypass (Figs. 4, 5).

Endovascular aortic repair was used in one patient with
aortic rupture due to primary infection as a bridge to open
reconstruction with a pericardial tube graft. In one patient
with infection of an ascending and thoracoabdominal aortic
polyester graft, a two-stage reconstruction was performed
with replacement of the ascending aorta and aortic arch first
and thoracoabdominal reconstruction 4 weeks later.

In addition to the pericardial tube grafts for aortic recon-
struction, an Omniflow® II graft (LeMaitre Vascular, Burl-
ington, MA, USA) was used in one patient with reconstruc-
tion of the aortic arch, to facilitate reimplantation of the left
common carotid artery.

Thirty-day mortality was 30% in this group (n="7). The
majority of the patients who did not survive had under-
gone emergency repair. The most common cause of death
was postoperative sepsis with multiple organ failure.
Freedom from reinfection was 100% and no graft related
complications or re-operations have been documented so
far. Median radiological follow-up was 12 months (range
1-67), performed by computed tomography angiography

Fig. 3 a Construction of a pericardial aortic tube graft from a xeno-
pericardial patch using a dilator. b The suture is interrupted several
times to adapt fort he optimal length

in 21 and magnetic resonance angiography in four patients.
In one patient with infrarenal aortic reconstruction long-
term follow-up was performed by duplex ultrasound., No
follow-up imaging was available in four patients. Imaging
did not demonstrate reinfection, nor graft calcification,
thrombosis, stenosis or aneurysmatic degeneration in any
of the patients.

Type and duration of antibiotic therapy was determined
individually after consultation of the infectiologist. In case
of poor patient condition or sepsis empirical preoperative
antibiotic therapy was administered after blood cultures. If
antibiotic treatment had been initiated before referral, anti-
biotics were continued and adapted postoperatively accord-
ing to the results of the microbiological cultures. If a fistula
(bronchial, oesophageal) was present or suspected, pre- or
intraoperatively, antifungal treatment was initiated immedi-
ately. Postoperative antibiotic therapy depended on the type
of pathogen, intraoperative findings and clinical evolution,
but was usually continued for 6 weeks or longer.
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Fig. 4 a Patient presenting with
a ruptured infected aneurysm of
the ascending aorta following
multiple previous interven-
tions, the last one being a
prosthetic patch closure of an
infected aortic cannulation site.
The aneurysm performed the
sternum. b Complete replace-
ment of the ascending aorta and
the aortic arch using a xeno-
pericardium aortic tube with
separate reconstruction of the
innominate artery with a second
pericardial tube and of the left
common carotid artery using a
Omniflow graft

Comment

Several options exist to replace an infected aortic graft fol-
lowing previous aortic surgery or endovascular insertion
of a stent-graft. Our technique has evolved over the time
and more recently we have used mainly when not exclu-
sively xeno-pericardial tissue to construct a biological aor-
tic tube. This biological aortic tube can be used in every
thoracic aortic location and in the aortic root as well. For
this purpose, a biological valve (Perimount Magna Ease,
Edwards Lifesciences, California, USA) can be sewn in
the proximal tube portion. Alternatively, homografts have
been used in the aortic position when available.

Previous studies have shown variable outcomes in such
patient collectives, depending on the material used for in-
situ reconstruction. Following prosthetic graft implanta-
tion, reinfection rates of 4 tp 10% have been reported.

Compared to the literature, our results show that the use
of self-made bovine pericardial tube grafts is a very prom-
ising alternative to all other strategies, especially regard-
ing reinfection and graft durability. The main advantage is
the simple, easy and quick graft construction from pericar-
dial patches. Storage and availability of xeno-pericardium
is unproblematic and the commercially available patches
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may be tailored to construct any graft size and length
desired for the individual patient.

Thirty-day mortality remains high in the majority of
reported series. This can be explained by the severity of aor-
tic infections with the frequent need for emergency surgery.
Our series includes patients undergoing reconstruction of all
aortic segments as well as complex aortic arch and thoraco-
abdominal repair with more than one xeno-pericardial aortic
tube. Previous surgery in the affected area may additionally
complicate open reconstruction, especially in emergency
situations. Some patients with a delayed diagnosis of aortic
graft infection were already in poor nutritional condition at
the time of surgery: this may have contributed to increase
the perioperative risk.

In a retrospective review, Oda analyzed the records of 68
patients treated for postoperative prosthetic vascular graft
infection (mean age 62.3+15.1, male 51) from January
2000 to December 2013 [35]. The number of patients and
the locations of the treated infections were as follows: 13
for aortic root, 16 for ascending aorta, 35 for aortic arch and
four for aortic root to arch. In-hospital infection occurred in
43 patients and after discharge in 25.

The mean follow-up time was 2.0 + 2.3 years. The
follow-up rate was 94.1%. The most commonly isolated
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Fig. 5 a Patient presenting with infected aortic stent-graft following
endovascular procedure in the descending aorta. Intraoperative site
showed communication between the infected prosthesis with the left
bronchial system. b Intraoperative view at the end of the procedure,
showing the xeno-pericardial aortic tube in orthotopic position

micro-organism was Staphylococcus aureus (72.1%).
Re-replacement of infectious graft was performed in
18 patients (Dacron graft in 12, homograft in 4 and
rifampicin-bonded Dacron graft in 2). The overall hospi-
tal mortality rate was 35.3% (24/68). The mortality rate
among the patients with graft re-replacement was 33.3%
(6/18), with pedicled muscle flaps or pedicled omental
flaps to cover the graft 25.9% (7/27), with irrigation 55.0%
(11/20) and on antibiotic therapy only 0% (0/3). The multi-
variate analysis demonstrated that the risk factors of hospi-
tal death increased in the absence of pedicled flaps (muscle
or omentum) to cover the graft (P=0.001), age over 55
(P=0.003), time from onset of initial operation < 1 week
(P=0.031) and period before 2008 (P =0.001). The over-
all 1-year survival rate was 58.6%.

The authors concluded that the treatment outcomes of
thoracic prosthetic vascular graft infection were not satisfac-
tory but that the use of pedicled muscle or omental flaps to
cover the graft could improve the outcomes. This has been
reported years ago [36-38].

Fujii and Watanabe concluded that a multi-disciplinary
approach is mandatory to increase the understanding of aor-
tic graft infection improve the results [39]. In conclusion,
our experience confirms that open surgical treatment includ-
ing radical debridement and in-situ reconstruction with
bovine pericardial tube grafts is a valuable option. Patients
with primary aortic infection who are fit enough for open
surgery should undergo open in-situ reconstruction while
endovascular management should be reserved for high-risk
patients denied from surgery as well as for those in very bad
condition as a bridging until open reconstruction [40—42].

Compliance with ethical standards

Conflict of interest All authors have declared that no conflict of in-

terest exists.

References

1. Berger P, Vaartjes I, Moll FL, De Borst GJ, Blankensteijn JD,
Bots ML. Cumulative incidence of graft infection after primary
prosthetic aortic reconstruction in the endovascular era. Eur J Vasc
Endovasc Surg. 2015;49:581-5.

2. Vogel TR, Symons R, Flum DR. The incidence and factors associ-
ated with graft infection after aortic aneurysm repair. J Vasc Surg.
2008;47:264-9.

3. 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.

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

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

6. Greaves NS, Katsogridakis E, Faris B, Murray D. Prophylactic
antibiotics for percutaneous endovascular procedures. Eur J Clin
Microbiol Infect Dis. 2017;36:597-601.

7. Carrel T, Schmidli J. Management of vascular graft and endo-
prosthetic infection of the thoracic and thoraco-abdominal
aorta. Multimed Man Cardiothorac Surg. 2011. doi:10.1510/
mmcts.2010.004705.

8. Lyons OT, Baguneid M, Barwick TD, Bell RE, Foster N, Homer-
Vanniasinkam S, et al. Diagnosis of aortic graft infection: a case
definition by the management of aortic graft infection collabora-
tion (MAGIC). Eur J Vasc Endovasc Surg. 2016;52:758-63.

9. Hargrove WC, Edmunds LH. Management of infected thoracic
aortic prosthetic grafts. Ann Thorac Surg. 1984;37:72-7.

10. CoselliJS, Koksoy C, LeMaire SA. Management of thoracic aortic
graft infections. Ann Thorac Surg. 1999;67:1990-3.

11. Fatima J, Duncan AA, de Grandis E, Oderich GS, Kalra M,
Gloviczki P, et al. Treatment strategies and outcomes in patients
with infected aortic endografts. J Vasc Surg. 2013;58(2):371-9.

@ Springer


https://doi.org/10.1510/mmcts.2010.004705
https://doi.org/10.1510/mmcts.2010.004705

52

Gen Thorac Cardiovasc Surg (2019) 67:44-52

12.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

LeMaire SA, Coselli JS. Options for managing infected ascending
aortic grafts. J Thorac Cardiovasc Surg. 2007;134:839-43.

. 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;44:38-45.

Nakajima N, Masuda M, Ichinose M, Ando M. A new method
for the treatment of graft infection in the thoracic aorta: in situ
preservation. Ann Thorac Surg. 1999;67:1994-6.

Tossios P, Karatzopoulos A, Tsagakis K, Sapalidis K, Grosoma-
nidis V, Kalogera A, Kouskouras K, Foroulis CN, Anastasiadis
K. Treatment of infected thoracic aortic prosthetic grafts with
the in situ preservation strategy: a review of its history, surgical
technique, and results. Heart Lung Circ. 2014;23:24-31.
Umminger J, Krueger H, Beckmann E, Kaufeld T, Fleissner F,
Haverich A, Shrestha M, Martens A. Management of early graft
infections in the ascending aorta and aortic arch: a comparison
between graft replacement and graft preservation techniques. Eur
J Cardiothorac Surg. 2016;50:660-7.

Chervu A1, Moore WS, Gelabert HA, Colburn MD, Chvapil M.
Prevention of graft infection by use of prostheses bonded with
a rifampin/collagen release system. J Vasc Surg. 1991;14:521-4
(discussion 524-5).

. Oderich GS, Bower TC, Hofer J, Kalra M, Duncan AA, Wilson

JW, et al. In situ rifampin-soaked grafts with omental coverage
and antibiotic suppression are durable with low reinfection rates
in patients with aortic graft enteric erosion or fistula. J Vasc Surg.
2011;53:99-106, 7e1-7 (discussion 7).

Pupka A, Skora J, Janczak D, Plonek T, Marczak J, Szydelko T.
In situ revascularisation with silver-coated polyester prostheses
and arterial homografts in patients with aortic graft infection—a
prospective, comparative, single-centre study. Eur J Vasc Endo-
vasc Surg. 2011;41:61-7.

Gogau-Brissoniere O, Leport C, Bacourt F, Lebrault C, Comte R,
Pechere JC. Prevention of vascular graft infection by rifampicin
bonding to a gelatin-sealed dacron graft. Ann Vasc Surg.
1999;5:408-12.

Zegelman M1, Guenther G, Waliszewski M, Pukacki F, Stanisic
MG, Piquet P, Passon M, Halloul Z, Tautenhahn J, Claey L, Ago-
stinho C, Simici D, Doebrich D, Mueller C, Balzer K. Results
from the International Silver Graft Registry for high-risk patients
treated with a metallic-silver impregnated vascular graft. Vascular.
2013;21:137-47.

Carrel TP, Berdat P, Englberger L, Eckstein F, Immer F, Seiler C,
Kipfer B. Schmidli J. Aortic root replacement with a new stent-
less aortic valve xenograft conduit: preliminary hemodynamic and
clinical results. J Heart Valve Dis. 2003;12:752-7.

Siniawski H, Lehmkuhl H, Weng Y, Pasic M, Yankah C, Hoff-
mann M, Behnke I, Hetzer R. Stentless aortic valves as an alter-
native to homografts for valve replacement in active infective
endocarditis complicated by ring abscess. Ann Thorac Surg.
2003;75:803-8.

Carrel TP, Schoenhoff FS, Schmidli J, Stalder M, Eckstein FS,
Englberger L. Deleterious outcome of no-react-treated stentless
valved conduits after aortic root replacement: why were warnings
ignored? J Thorac Cardiovasc Surg. 2008;136:52-7.

Reineke DC, Kaya A, Heinisch PP, Oezdemir B, Winkler B, Huber
C, Heijmen RH, Morshuis W, Carrel TP, Englberger L. Long-term
follow-up after implantation of the Shelhigh® No-React® com-
plete biological aortic valved conduit. Eur J Cardiothorac Surg.
2016;50:98-104.

Calderon E, Spina A, Camurri N, Bellieni L, Bentini C, Pug-
liese P. Early failure of Shelhigh bioconduit in aortic position: an

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

underestimated drawback. Berlin: Fifth Biennal Meeting of the
Society of Heart Valve Disease; 2009.

Guenther SP, Reichelt A, Peterss S, Luehr M, Bagaev E, Hagl C,
Pichlmaier MA, Khaladj N. Root replacement for graft infection
using an all-biologic xenopericardial conduit. J Heart Valve Dis.
2016;25:440-7.

Guihaire J, Kloeckner M, Deleuze P. Exclusion of complex par-
aannular aortic abscess with the freestyle xenograft. Ann Thorac
Surg. 2016;102:e373-5.

Schneider AW, Hazekamp MG, Versteegh MI, Bruggemans EF,
Holman ER, Klautz RJ, Braun J. Stentless bioprostheses: a ver-
satile and durable solution in extensive aortic valve endocarditis.
Eur J Cardiothorac Surg. 2016;49:1699-704.

Bahnini A, Ruotolo C, Koskas F, Kieffer E. In situ fresh allo-
graft replacement of an infected aortic prosthetic graft: eighteen
months’ follow-up. J Vasc Surg. 1991;14:98-102.

Chiesa R, Astore D, Piccolo G, Melissano G, Jannello A, Frigerio
D, et al. Fresh and cryopreserved arterial homografts in the
treatment of prosthetic graft infections: experience of the Ital-
ian Collaborative Vascular Homograft Group. Ann Vasc Surg.
1998;12:457-62.

Zhou W, Lin PH, Bush RL, Terramani TT, Matsuura JH, Cox
M, et al. In situ reconstruction with cryopreserved arterial allo-
grafts for management of mycotic aneurysms or aortic prosthetic
graft infections a multi-institutional experience. Tex Heart Inst J
2006;33:14-8.

Vogt PR, Turina MI. Management of infected aortic grafts: devel-
opment of less invasive surgery using cryopreserved homografts.
Ann Thorac Surg. 1999;67:1986-9.

Minga Lowampa E, Holemans C, Stiennon L, Van Damme H,
Defraigne JO. Late fate of cryopreserved arterial allografts. Eur J
Vasc Endovasc Surg. 2016;52:696-702.

Czerny M, von Allmen R, Opfermann P, Sodeck G, Dick F,
Stellmes A, et al. Self-made pericardial tube graft: a new surgi-
cal concept for treatment of graft infections after thoracic and
abdominal aortic procedures. Ann Thorac Surg. 2011;92:1657-62.
Oda T, Minatoya K, Kobayashi J, Okita Y, Akashi H, Tanaka H,
Kawaharada N, Saiki Y, Kuniyoshi Y, Nishimura K. Prosthetic
vascular graft infection through a median sternotomy: a multi-
centre review. Interact Cardiovasc Thorac Surg. 2015;20:701-6.
Samoukovic G, Bernier PL, Lachapelle K.Successful. Treatment
of infected ascending aortic prosthesis by omental wrapping with-
out graft removal. Ann Thorac Surg. 2008;86:287-9.

Krabatsch I, Hetzer R. Infected ascending aortic prosthesis: suc-
cessful treatment by thoracic transposition of the greater omen-
tum. Eur J Cardio-thorac Surg. 1995;9:223-5.

Luciani N, Lapenna E, De Bonis M, Possati GF. Mediastinitis
following graft replacement of the ascending aorta: conserva-
tive approach by omental transposition. Eur J Cardiothorac Surg.
2001;20:418-20.

Fujii T, Watanabe Y. Multidisciplinary treatment approach for
prosthetic vascular graft infection in the thoracic aortic area. Ann
Thorac Cardiovasc Surg. 2015;21:418-27.

Inoue H, Iguro Y, Yamamoto H, Ueno M, Higashi A, Tao K, et al.
Palliative stent-graft insertion followed by an allograft replace-
ment for an infected and ruptured aortic aneurysm. Ann Thorac
Cardiovasc Surg. 2009;15:261-4.

Ito T, Kurimoto Y, Kawaharada N, Koyanagi T, Hashiguchi H,
Yamashita A. Endovascular stent-grafting of anastomotic pseu-
doaneurysms following thoracic aortic surgery. Gen Thorac Car-
diovasc Surg. 2009;57:528-33.



	How to treat aortic graft infection? With a special emphasis on xeno-pericardial aortic tube grafts
	Abstract 
	Introduction
	Coated vascular graft
	Experience with a xeno-pericardial conduit (the former Shelhigh conduit: now bio-integral)
	Freestyle mini-root porcine graft
	Aortic homograft
	Self-made bovine pericardial tube grafts

	Comment
	References


