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iNtroDuctioN

the introduction of prosthetic grafts 
has revolutionised the management of 
vascular disease but graft infection although 
uncommon, remains a dreaded complication 
with associated significant morbidity and 
mortality. Mortality occurs in approximately 
one third of all vascular graft infections,1 with 
mortality highest when an aortic prosthesis is 
involved.2,3 as many as 75% of survivors of an 
infected aortic prosthesis require amputation 
of a limb,3 with the incidence of amputation 
highest when the infection involves more 
distal prosthetic grafts.4 the incidence of 
graft infections is difficult to quantify as 
infection may manifest many years after 
implantation1 with many reports being 
isolated or as part of case series. Nevertheless, 
the reported incidence is in the order of 5%, 
varying according to the site of operation, 
being higher when a groin incision is used, 
or if the procedure is an emergency or a redo 
procedure. infection following endovascular 
stent deployment has been reported although 
its incidence is considered to be very low.

NaturaL HiStorY oF 
ProStHetic VaScuLar GraFt 
iNFectioNS 

early prosthetic vascular graft infections 
typically occurring in the first four months 
following placement are relatively uncommon 
(approximately 1%) and are usually caused 
by the more virulent micro-organisms, 
such as S. aureus, E. Coli, Pseudomonas, 
Klebsiella, Proteus and enterobacter.1 Late 
prosthetic vascular graft infections are the 
result of two possible mechanisms. Firstly, 
by haematogenous seeding from a septic 
focus elsewhere5 or by the prosthetic graft 
becoming infected with enteric contents 
following a graft-enteric erosion.6 in both 
the haematogenous and graft-enteric erosion 
situations the usual causative organisms 
are those with high virulence and clinical 
manifestations are signs and symptoms of 
sepsis. the second mode of presentation is 
insidious, caused by the less virulent coagulase 
negative staphylococci such as S. epidermidis 
with contamination likely occurring at the 
time of implantation.1 
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MecHaNiSMS oF GraFt 
coNtaMiNatioN at 
oPeratioN

Prosthetic grafts most commonly become 
infected at the time of implantation either by 
contamination from the surgical team or by 
colonised microorganisms on the patient. it 
has been demonstrated that the majority of 
patients undergoing arterial revascularisation 
are colonised with coagulase negative 
staphylococci7 and colonisation of patients 
with nosocomial bacteria is enhanced when 
the preoperative hospitalisation is lengthy.8 

the incidence of infection follow-
ing emergency aneurysmorrhapy has been 
reported to be increased to 7.5%.9 the evid-
ence of other potential mechanisms such 
as division of lymph nodes,10,11,12 infected 
transudated fluid during aortic surgery13,14,15 
and infected laminated thrombus4,14,16,17 is 
conflicting. 

PatHoGeNeSiS oF GraFt 
iNFectioNS

the exact aetiology of vascular graft infections 
is not completely understood but is likely to 
be multifactorial. according to Bandyk and 
esses18 the risk of vascular graft infection 
as demonstrated by animal models can be 
predicted by the formula:

            Dose of bacterial

risk of biomaterial = contamination X virulence

        infection          Host resistance

the dose of bacterial contamination is 
dependent on the infecting microorganism. 
experimentation in a canine aortic model has 
demonstrated that the infective threshold for 
bacteria to cause graft infection in over 50% 
of grafts was 107, 109, and 102 for S. aureus, 
S. epidermidis and P. aeruginosa respectively.19 
Virulence of microorganisms is often associ-
ated with the production of secreted toxins  

and enzymes with a resultant decline in 
structural integrity of the artery wall18 and 
the release of toxins and enzymes to control 
the perigraft environment and cause graft 
infection.19,20 Many bacterial strains, includ-
ing S. epidermidis, S. aureus and P. aeruginosa 
are known to produce extracellular polymer 
substances (slime), forming a capsule incor-
porating the bacteria. this is referred to as 
a biofilm and protects the micro-organism 
against host defences and antibiotic ther-
apy.21 Biofilms allow greater adherence of 
the microorganism to the biomaterial22, 23 
and contribute to bacterial virulence. Mul-
tiple species of microorganisms may co-exist 
in a biofilm and unless the biofilm is dis-
rupted and or the microorganism/s become 
planktonic the microorganism/s identifica-
tion is limited. Different graft materials have 
varying susceptibility to infection. Dacron 
grafts are more likely to become infected 
than grafts made of PtFe (polytetrafluor-
oethylene).24 the use of vein grafts instead 
of prosthetic material greatly reduces the risk 
of infection. 

BacterioLoGY oF VaScuLar 
GraFt iNFectioNS

Gram-positive, Gram-negative, anaerobic and 
fungal micro-organisms all have the potential 
to infect a vascular prostheses but in general the 
majority of infections are the result of a small 
number of micro-organisms. Staphylococci 
are the most prevalent organism associated 
with prosthetic graft infection.2,25,26,27 of the 
staphylococci, S. aureus is generally regarded 
as the most common causative bacteria,2,26,28,29 
particularly MrSa.27 S. epidermidis is now 
being recognised as the leading cause of 
vascular graft infection, particularly chronic 
and late onset infections.17,29,30,31,32

the Gram-negative organisms, E. Coli, 
Pseudomonas, Klebsiella, Enterobacter and 
Proteus, although relatively uncommon 
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causative organisms for graft infections are 
of particular interest and concern because of 
their high virulence and their tendency to 
destroy the vessel wall.18,33,34

Candida mycobacterium, and Aspergillus 
infections are uncommon but pose a sig-
nificant risk to patients who are immuno-
compromised.2 although uncommon they 
are all expected to increase in frequency 
because of their increasing resistance to 
standard prophylactic antibiotics.35

there is an association between the type 
of infecting organism, the type of vascu-
lar complication and the arteries that are 
involved in the anastomosis to the prosthetic 
graft. Bandyk and Bergamini2 in a collective 
survey of 1258 patients who had a vascular 
graft infection found that the majority of 
aortoenteric fistulas were the result of either 
Streptococci or E. Coli and if the anastomo-
sis involved the femoral artery, the thoracic 
aorta, the subclavian, carotid or innominate 
arteries S. epidermidis or S aureus was the 
likely causative organism. E. Coli, Entero-
cocci and Enterobacter were the more likely 
organisms to be involved in aortoiliac  
anastomoses.

iNVeStiGatioNS For 
DetectioN oF ProStHetic 
GraFt iNFectioNS

the diagnosis of vascular prosthetic 
infections can be difficult as the presentation 
may be subtle especially if it is a late 
onset infection, the prosthesis is intra-
abdominal and the micro-organism is one 
of low virulence. Presentation is thus very 
dependent on the location of infection and 
the causative microorganism/s. the diagnosis 
is aided by multiple available microbiological 
investigations and imaging but in general 
is directed more at proving the absence of 
infection rather its presence. Not only are 
investigations imperative in the diagnosis of 

vascular graft infection but they may assist 
in the planned therapy including vascular 
reconstruction when required. at times the 
only means of confirming graft infection is 
the surgical excision of the graft and further 
microbiological assessment. 

History and physical examination

the clinical clues suggesting graft infection 
especially those placed superficially include 
an inflammatory perigraft mass, overlying 
cellulitus, presence of exposed prosthetic 
graft, a sinus tract with persistent purulent 
drainage and/or bleeding and/or a palpable  
anastomotic pseudoaneurysm, graft throm-
bosis and distal septic embolisation.2-4,36,37 
the presence of intra-abdominal prosthetic 
graft infection may be non-specific, such 
as fever of unknown origin, septicaemia, 
or abdominal pain.3 upper or lower 
gastrointestinal haemorrhage either of an 
acute or chronic nature may indicate a graft-
enteric fistula17,37,38 and can only be excluded 
when another source of gastrointestinal 
haemorrhage has been identified. 

Laboratory investigations

routine laboratory studies such as white 
cell count and differential, erythrocyte 
sedimentation rate (eSr), c-reactive 
Protein (crP), and blood cultures are 
routinely obtained but the results may be 
non-specific and even normal if the organism 
is S.epidermidis.2 Wherever possible pus, 
exudates, tissue specimens, blood and wound 
cultures should be analysed microbiologically 
to aid in microorganism identification and 
to allow the commencement of appropriate 
and specific chemotherapy.39 to aid in the 
diagnosis of S.epidermidis all solid material 
should be mechanically or ultrasonically 
disrupted.40-42
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Diagnostic imaging

Various diagnostic modalities (computer-
ised tomography (ct), ultrasonography, 
Magnetic resonance imaging, Leucocyte or 
immunoglobulin labelled scanning, Positron 
emission tomography (Pet) scanning +/- 
ct, angiography and/or endoscopy) may 
assist the vascular surgeon in determining 
the presence and extent of prosthetic graft 
infection. Not infrequently, a combination 
of the diagnostic modalities to improve 
sensitivity and specificity are utilised to 
confirm the presence or absence of a vascular 
prosthetic graft infection.43 these modalities 
are also helpful in planning definitive 
surgery. the utility of ct angiography with 
the capability of vascular three dimensional 
reconstructions has largely replaced digital 
subtraction angiography as the method 
of diagnosis and therapeutic planning. 
ct guided aspiration is also of benefit in 
diagnosis. in general the features suggestive 
of graft infection include perigraft fluid and/
or gas, graft disruption, absence of graft 
incorpor ation, pseudoaneurysm formation. 
the pres ence of periprosthetic gas more 
than six weeks following graft implantation 
is an abnormal finding and should alert 
the physician to the likelihood of a graft 
infection.44

MaNaGeMeNt oF ProStHetic 
GraFt iNFectioNS

the general principles in the management 
of prosthetic graft infections are initially 
preventative, but in the event of a vascular  
graft infection, therapy needs to be individual-
ised accounting for clinical findings, graft 
material (prosthetic versus autogenous graft 
material), site of infection, microorganism/s 
involved and patient co-morbidities. it is 
imperative that not only is graft infection 
eradicated but recurrent infection be 
minimised with avoidance of significant 
morbidity and/or mortality.

Prevention

Preventive measures such as the routine use 
of skin preparations,45 the use of a depilatory 
agent,46 limiting the length of preoperative 
hospitalisation,8 operating time and intensive 
care stay all contribute to the reduction in 
wound infection and more importantly 
the chance of developing resistant multiple 
nosocomial infections.45 antimicrobial pro-
phylaxis has been shown to reduce wound 
infections in vascular surgery47 and ideally 
should be given as close to the time of incision 
and repeated in the event of haemorrhage 
and lengthy operations every four hours. 
Prophylatic antibiotics are also indicated 
with percutaneous punctures of existing 
prosthetic grafts and the implantation of 
stents. Decolonisation of nasal carriers  
of S. aureus has been shown to significantly  
reduce the number of surgical site  
S. aureus infections especially deep surgical-
site infections.48 institutional prevalence of 
resistant organism may also dictate antibiotic 
prophylaxis especially when prosthetic grafts 
are to be implanted. 

as a preventive measure host resist-
ance may be enhanced by the antimicrobial 
impregnation of grafts. a number of novel 
combinations of grafts and antibiotic with 
or without various forms of treatment have 
been trialled at both the in-vitro and in-vivo 
levels.

rifampicin, a known anti-staphylococcal 
agent, particularly methicillin resistant,49 
is a hydrophobic semisynthetic substance 
with a high affinity for gelatin.50 it inhibits 
DNa dependent rNa polymerase activity 
in bacterial cells without affecting mamma-
lian cells51 and has been passively incorp-
orated into gelatin sealed Dacron grafts  
as a mode of staphylococcal protection 
at the time of implantation. it has been  
shown to be resistant to experimental bacter-
ial contamination52-55 with in-vivo bio activity 
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to 22 days,56 and in-vitro bioactivity to  
4 days.57-59 it is these qualities plus its excel-
lent tissue and intracellular penetration59 
that make rifampicin an ideal antibiotic  
to be bonded to prosthetic grafts in order to 
prevent subsequent graft infection.

Reduction of prosthetic vascular graft 
infection with rifampicin bonded 
gelatin sealed Dacron

using an established sheep model60 we 
replaced a segment of sheep carotid artery 
with a rifampicin soaked Gelsoft graft. 
at the time of graft removal microscopic 
assessment (perigraft abscess formation, 
presence of anastamotic disruption and graft 
thrombosis) and microbiological assessments 
(cultures of perigraft tissues, graft external 
and internal wall and total graft cultures) 
were recorded. We showed that, following 
direct inoculation of the rifampicin (1.2mg/
ml or 10mg/ml) soaked graft with 108 colony 
forming units of either methicillin resistant 
Staphylococcal aureus (MrSa) or methicillin 
resistant Staphylococcal epidermidis (MrSe), 
the rifampicin soaked graft offered significant 
prophylaxis.61-63

For the MrSe arm, in the 10mg/ml 
rifampicin group there was a significant 
reduction in graft infection when compared 
to both the control group (p < 0.05) and the 
1.2mg/ml group (p < 0.05).63 Similarly, for 
the MrSa group, in the 10mg/ml treatment 
group there was a significant reduction in the 
total number of positive cultures when com-
pared to the control group (p < 0.05) and the 
1.2mg/ml group (p < 0.05).63 

eStaBLiSHeD iNFectioN

Antibiotic therapy

once the diagnosis or suspicion of prosthetic 
vascular graft infection is made then broad 

spectrum antimicrobial therapy is initiated 
and subsequently converted to organism 
specific antibiotics.3 the length of antibiotic 
therapy following excision of the infected 
graft is unclear but Bergamini and Bandyk2 
advocate parenteral antibiotics for two weeks 
and oral for six months.

Operative management

the ‘gold standard’ treatment although 
technically challenging is the removal of 
all infected tissue and revascularisation 
extra-anatomically.64 a number of more 
conservative approaches have been advocated 
depending on the site of the infection and 
the microorganism involved. the most 
conservative of treatments is aggressive 
local wound care with graft preservation 
(prosthetic/autologous) providing that the 
graft and anastomoses are intact and the 
patient has no systemic features of sepsis.65 
calligaro et al 34 in a report of a series of 
patients who had graft preservation concluded 
that with the exception of Pseudomonas, 
vascular graft infections could be managed 
with debridement, antibiotic therapy and 
wound closure. the skeletonized prosthetic 
graft can be covered using viable regional 
rotational flaps.66 others have proposed graft 
excision and replacement with cadaveric 
arterial allografts,67 venous autografts,68 
cryopreserved saphenous vein homografts,69 
autogenous arteries and/or veins70 or 
prosthesis.71 the major drawback with in-situ 
reconstruction is recurrent graft sepsis72 with 
potential limb and/or life threatening graft 
and/or anastomotic disruption.

Schmitt, et al.22 in an in- vitro model 
comparing the bacterial adherence of four 
strains of bacteria (S. aureus, ‘mucin’ and 
‘non-mucin’ producing S. epidermidis and 
E. coli) to ePtFe, woven Dacron and velour 
knitted Dacron found that bacterial adher-
ence was greatest to velour knitted Dacron 



Mechanisms of Vascular Disease542

and least compared to ePtFe. in addition 
Schmitt, et al.73 found that ‘mucin’ produc-
ing S. epidermidis adhered to Dacron in  
10 to 100 fold greater numbers compared 
to PtFe. Bandyk and Bergamini2 have pos-
tulated that the differential adherence of  
staphylococci relates to capsular adhesins. 

using the established sheep model60 we 
have set out to determine if the replacement 
of a staphylococcal infected vascular graft 
with a graft impregnated with rifampicin 
would be considered appropriate surgical 
management in preventing early recurrent 
infection. Gelsoft grafts without any anti-
biotic treatment were infected with over-
whelming concentrations of either MrSa 
or MrSe. the grafts were removed at three 
weeks and replaced with either control (no 
rifampicin) grafts or grafts soaked in either 
1.2mg/ml or 10mg/ml of rifampicin. the 
replacement grafts were removed 3 weeks 
following placement. 

For MrSa74 there were no statistical sig-
nificant differences between the groups for 
any of the macroscopic or microbiological 
parameters recorded. 

For S.epidermidis 74 there were no stat-
istical differences between the rifampicin 
concentrations for macroscopic findings. 
there were however, statistically significant 
reductions in the number of total infected 
specimens in the 10mg/ml group when com-
pared to both the control, (p<0.001) and the  
1.2 mg/ml groups (p<0.005).74 

the conclusions from the studies74 were 
that established S. epidermidis bacterial bio-
film graft infections model can be treated by 
the in-situ replacement of the infected pros-
thesis with a 10 mg/ml rifampicin impregnated 
Gelsoft graft. However, such management for 
MrSa established infections cannot be rec-
ommended from the results obtained in this 
particular animal model.

to date a number of groups75,76 have suc-
cessfully managed prosthetic graft infections 

with rifampicin impregnated grafts with zero 
mortality, no requirement for limb amputa-
tion and to date no recurrence of infection.

coNcLuSioN

the future management of vascular 
graft infections will be reliant on a better 
understanding of the interaction between 
the micro-organism, the prosthesis and the 
immune system. this will allow a more 
directed approach towards prevention and 
treatment. Possibilities would include more 
powerful antibiotics either administered 
parenterally or incorporated into the 
prosthesis, acting as a local delivery system 
for prolonged periods of time. the role 
of the biofilm in the pathogenesis of graft 
infection needs further understanding from 
both a molecular and an immune level.
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