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VASCULAR GRAFT INFECTIONS

Prosthetic vascular material is widely applied in contemporary vascular surgery. It is used 
to replace (part of) a blood vessel or to bypass stenosed or occluded blood vessels. The 
surgical introduction of foreign material such as prosthetic vascular grafts into the human 
body always carries a potential risk of infection of the implant. Vascular graft infections are 
caused by an interplay between clinical, microbiological and technical factors. Clinical factors 
related to an increased risk of graft infections include diabetes mellitus, obesity, uremia, 
malnutrition, smoking, end-stage renal disease, and immunosuppressive status. Other clinical 
factors include nasal colonization with Staphylococcus Aureus, colonization of atherosclerotic 
plaques, thrombus or aneurysms, bloodstream septicemia, and most importantly concomitant 
infections at time of graft placement.1-6 Microbiological factors include biofilm formation and 
type and virulence of the microorganisms.7 Technical factors reported to contribute to the 
risk of vascular graft infections include emergency operations, reoperations, wound healing 
complications, prolonged and extended dissections (especially in the groin), profound 
blood loss, lengthy procedures, postoperative lymphocele, hematoma or seroma formation, 
bacterial seeding from transected lymphatics, groin anastomoses, and breaks in sterility.1-6 
Most vascular graft infections result from direct bacterial contamination, more specific by 
seeding of skin flora during implantation.1,8 
Vascular graft infections are associated with high morbidity and mortality rates. Vascular 
graft infections can be subdivided into peripheral grafts and central / aortic graft infections. 
Peripheral graft infections are associated with morbidity rates up to 41% (mostly amputations) 
and mortality rates up to 17%. In contrast: for aortic graft infections (AGI) these numbers are 
17% vs. 43%, respectively.2,9-11

Aortic graft infections
In the field of vascular graft infections, aortic graft infections (AGI) comprise a special 
subcategory. In contrast to peripheral vascular graft infections, clinical symptoms of AGI 
are often non-specific, which often fails to warrant a high index of suspicion and obstructs 
a quick and adequate diagnosis. This implies that AGI are often detected in a relatively late 
stadium in which the patient is already systemically ill. Because of the often non-specific clinical 
symptoms, clinicians rely on imaging modalities to obtain a definite diagnosis. Computed 
tomography is currently considered the gold standard but its value is questioned, especially in 
low grade infections.1,12-14 18-Fluorodeoxyglucose (FDG) Positron Emission Tomography (PET) 
scanning is a promising new modality to diagnose AGI, but evidence on its clinical applicability 
is limited.12,15-18

The relative low incidence of AGI, the critically ill patient population with significant 
comorbidities, and differences in definition of AGI, are important limitations for research on 
this topic. At present, information on AGI is based on relatively old case-series of questionable 
quality. Due to the low incidence, most case-series only describe a small number of AGI 
infections. The resulting lack of knowledge on the incidence, diagnosis, and treatment of AGI 
has led to large variations in routine diagnostic and therapeutic approaches to AGI. While 
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open aortic reconstruction has been the gold standard for over two decades, currently, most 
aorto-iliac diseases are treated using endovascular procedures. Open reconstructions are still 
used but indications have changed. Nowadays, open reconstructions are primarily reserved 
for patients unsuitable for endovascular reconstructions or for redo surgical procedures, both 
of which have been identified as risk factors for graft infection.1-6 Furthermore, over the past 
two decades, the risk-profile for AGI of patients with aorto-iliac disease also has changed. 
For example, the prevalence of risk factors for infection, such as diabetes and obesity, has 
increased markedly.19,20 Therefore, AGI incidence estimates needs to be updated.

Objectives of this thesis
This thesis focuses on several aspects of the diagnosis and treatment of AGI in an era in which 
endovascular techniques have become the preferred treatment for patients with aorto-iliac 
disease. 

The objectives of this thesis are:
- To provide up-to-date incidence rates of AGI. 
-  To offer insight into the normal FDG uptake patterns associated with uncomplicated graft 

implantation and to quantify the role of FDG-PET scanning in the diagnosis of AGI.
- To update current knowledge on the surgical treatment of AGI.

OUTLINE OF THE THESIS

This thesis consists of 3 parts:
Part ONE, “Aortic Graft Infections”, consists of 2 chapters. AGI is a well known complication in 
vascular surgery. There is, however, a lack of consensus concerning virtually every aspect of 
this clinical entity. The clinical dilemmas associated with this lack of consensus are described 
in chapter 2. Even though AGI is a well known complication, reports on its incidence are rare. 
In chapter 3, the incidence of AGI after primary aortic prosthetic reconstructions is reported. 

Part TWO of this thesis, “Diagnostic Studies for Aortic Graft Infections”, describes the use of 
18F-fluorodeoxyglucose (FDG)-positron emission tomography (PET) scanning in the diagnosis of 
AGI. 18-F FDG is a glucose analogue that accumulates in areas with high levels of metabolism 
and glycolysis. 18-FDG-PET scanning is a promising new tool to diagnose AGI as increased 
uptake occurs in sites of active inflammation and infection (i.e. an infected aortic graft). 
Every aortic graft implantation is associated with some form of “physiological” inflammation. 
In chapter 4, the differences in uptake between uninfected and infected aortic grafts are 
studied. In chapter 5, the value of various FDG-PET parameters in diagnosing AGI is assessed.

Part THREE of this thesis, “Surgical Therapy for Aortic Graft Infections”, focuses on the surgical 
treatment of AGI. The surgical treatment of AGI consists of a thorough debridement in 
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which most of the infectious tissues (including (part of) the graft) is removed, followed by a 
revascularisation of the lower limbs. In chapter 6 and 7, these revascularisation options are 
reviewed. The treatment of AGI is associated with high morbidity and mortality rates. Various 
less invasive approaches have been proposed. In chapter 8, the results of a minimally invasive 
treatment option for infected prosthetic grafts in the groin are presented. To revascularize the 
lower limbs, one can use prosthetic graft, impregnated with antibiotics or coated with silver. 
Silver has the advantage of being bactericidal without contributing to antibiotic resistance. In 
chapter 9, two patients with a very rare complication from the use of silvergrafts are described. 
In chapter 10, the first in vivo results from a patient treated with a graft combining antibiotic 
impregnation and silver coating are presented. 

The general discussion and future perspectives are given in chapter 11.



13

GENERAL INTRODUCTION

REFERENCES 

1 Perera GB, Fujitani RM, Kubaska SM. Aortic graft infection: update on management and treatment 
options. Vasc Endovascular Surg 2006 Jan;40(1):1-10.

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

3 Yeager RA, Porter JM. Arterial and prosthetic graft infection. Ann Vasc Surg 1992 Sep;6(5):485-91.
4 Bunt TJ. Vascular graft infections: an update. Cardiovasc Surg 2001 Jun;9(3):225-33.
5 Hodgkiss-Harlow KD, Bandyk DF. Antibiotic therapy of aortic graft infection: treatment and prevention 

recommendations. Semin Vasc Surg 2011 Dec;24(4):191-8.
6 Valentine RJ. Diagnosis and management of aortic graft infection. Semin Vasc Surg 2001 Dec;14(4):292-

301.
7 Hicks RC, Greenhalgh RM. The pathogenesis of vascular graft infection. Eur J Vasc Endovasc Surg 1997 

Dec;14 Suppl A:5-9.
8 Valentine RJ, Clagett GP. Aortic graft infections: replacement with autogenous vein. Cardiovasc Surg 

2001 Oct;9(5):419-25.
9 Legout L, Sarraz-Bournet B, D’Elia PV, Devos P, Pasquet A, Caillaux M, et al. Characteristics and 

prognosis in patients with prosthetic vascular graft infection: a prospective observational cohort 
study. Clin Microbiol Infect 2012 Apr;18(4):352-8.

10 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 Jul;44(1):38-45.

11 Seeger JM, Pretus HA, Welborn MB, Ozaki CK, Flynn TC, Huber TS. Long-term outcome after treatment 
of aortic graft infection with staged extra-anatomic bypass grafting and aortic graft removal. J Vasc 
Surg 2000 Sep;32(3):451-9.

12 Fukuchi K, Ishida Y, Higashi M, Tsunekawa T, Ogino H, Minatoya K, et al. Detection of aortic graft 
infection by fluorodeoxyglucose positron emission tomography: comparison with computed 
tomographic findings. J Vasc Surg 2005 Nov;42(5):919-25.

13 Low RN, Wall SD, Jeffrey RB, Jr., Sollitto RA, Reilly LM, Tierney LM, Jr. Aortoenteric fistula and perigraft 
infection: evaluation with CT. Radiology 1990 Apr;175(1):157-62.

14 Orton DF, LeVeen RF, Saigh JA, Culp WC, Fidler JL, Lynch TJ, et al. Aortic prosthetic graft infections: 
radiologic manifestations and implications for management. Radiographics 2000 Jul;20(4):977-93.

15 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 Aug;48(8):1230-6.

16 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 Mar;55(3):392-5.

17 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 May;36(5):850-8.

18 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 Apr;45(4):828-30.

19 Diabetes Public Health Resource. Centre of Disease Control and Prevention. Available at http: http://
www.cdc.gov/diabetes/statistics/prev/national/figpersons.htm. Accessed on April 1, 2014. 2013.

20 Overweight and Obesity. Centre of Disease Control and Prevention. Available at http://www.cdc.gov/
obesity/data/adult.html. Accessed on April 1, 2014. 2014.





Berger P
De Borst GJ
Moll FL

Journal of Cardiovascular Surgery (Torino). 2013 Nov 27

Current opinions about diagnosis and treatment  

strategy for aortic graft infections in the Netherlands

CHAPTER 2



PART ONE CHAPTER 2

16

ABSTRACT

Aim
Aortic graft infection (AGI) is a dreaded complication in vascular surgery. Research on AGI 
is hampered by its rarity combined with a broad range of clinical presentation in critically 
ill patients. This report aims to explore the various current opinions on the diagnosis and 
treatment of AGI. 

Methods
A questionnaire was sent to all members of the Dutch Society of Vascular Surgery. Six weeks 
after the initial questionnaire a reminder was sent. A total of 306 questionnaires were sent. 
Data were analyzed for 124 vascular surgeons (VS) and 19 vascular surgeons in training (VT). 
Data analysis was performed in a descriptive manner. 

Results 
Total response rate was 51.3%, Response rate of the VS and VT combined was 47%. 85% of 
the VS versus 58% of VT rely on computed tomography scanning (CT) scanning for diagnosing 
AGI. Positron emission tomography scanning with CT fusion was used by 40% of VS versus 
58% of VT. Antibiotic treatment was started at the first suspicion of AGI by 52% of VS and 58% 
of VT. 13 different opinions were noted on total antibiotic duration. Extra-anatomic bypass 
(EAB) was used by and 42% of VT. In-situ reconstructions were used by 59% of VS versus % 
of VT. Venous reconstructions were the first reconstruction choice in 63% VS and 52% of VT. 
Antibiotic-bonded grafts were used by 17% of VS and 16% of VT.
 
Conclusion
This survey shows highly mixed opinions about clinical diagnosis, diagnostic imaging, and 
treatment of AGI, reflecting available literature. Further research is therefore desperately 
needed. More research and development of treatment guidelines is needed to reach 
uniformity and consensus for patients with infected vascular grafts
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INTRODUCTION

Considering the limited availability of clinical trials and guidelines on diagnostics and treatment 
of aortic graft infections (AGI), expert opinions are the highest level of evidence available. There 
is a lack of consensus concerning virtually every part of this clinical entity. AGI are surrounded 
by an aura of fatality, which is mainly caused by the related high morbidity and mortality rates1. 
Despite improvements in all fields of medicine, these rates still remain high, independent of 
the type of surgical intervention. To explore the various current opinions on the diagnostic and 
treatment approach of AGI among treating specialists, a short questionnaire covering clinical 
diagnosis of AGI, diagnostic imaging, and treatment options; was offered to all of the members 
of the Dutch Society of Vascular Surgery (DSVS).

METHODS

A short and comprehensive questionnaire was constructed in Dutch (Appendix I) and sent to 
the 306 members of the Dutch Society of Vascular Surgery. Non-practising vascular surgeons 
were excluded to safeguard an up-to-date result. The initial response to the 306 questionnaires 
was 40.5% (124 questionnaires). Six weeks after the initial invitation, a reminder was sent 
to all non-responders, yielding another 33 (10.7%) completed questionnaires, making a total 
response rate of 51.3% (157 questionnaires). Characteristics of the responders are reported 
in Table 1. Data were analyzed for 124 vascular surgeons (VS) and 19 vascular surgeons in 
training (VT), comprising vascular surgery fellows and senior residents with a sub-specialisation 
in vascular surgery. The 124 VS are 76% of all registered VS in The Netherlands. Data analysis 
was performed in a descriptive manner. 

Table 1  Respondents characteristics

Open aortic procedures per year

Specialist No. <10 10-20 20-50 >50 Missing

Vascular surgeons 124 7 42 62 10 3

Vascular surgeons in training 19 3 4 6 5 1

Other respondents 

 Residents 13 8 2 2 0 1

 Retired vascular surgeon 5 NA NA NA NA NA

 Missing 1

 Other surgeon 2

Total respondents 157 18 48 70 15 5

NA: Not available
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RESULTS

Diagnosis
Baseline characteristics and Clinical diagnosis
Our responders acknowledge that the clinical picture of AGI is very diverse (Table 2). Forty 
percent of VS, compared with 22% of VT, consider that fever after graft implantation, 
irrespective of the time of onset of AGI, is an integral part of AGI. The same accounts for the 
presence of a fistula (40% VS vs. 22% VT). As shown in Table 2, most of the Dutch VS and VT 
rely on imaging for the definitive diagnosis or exclusion of AGI. Almost 60% of VS and 27% of VT 
believe that AGI is characterized by elevated parameters of infection in the blood. Interestingly, 
19% of VS and 16% of VT indicated that “gut feeling” plays an important role in establishing the 
diagnosis of AGI.

Diagnostic imaging
Duplex scanning as a diagnostic tool for AGI would be applied and relied on by 7% of VS 
and 5% of VT, but none use it as a single imaging modality. Only 10% of VS use magnetic 
resonance imaging (MRI) or magnetic resonance angiography (MRA), and none as a single 
modality. The VT did not consider MRI/MRA as a valuable tool to diagnose AGI. To reaffirm, 
none of the responders considered duplex or MRI/MRA appropriate as a single imaging 
modality. Leukocyte scanning is used by 29% of VS compared with 32% of VT. The firm position 
of computed tomography scanning (CT) in diagnosing AGI is confirmed by the results of our 
questionnaire: 85% of VS would use a CT scan routinely compared with 58% of VT. Positron 
emission tomography scanning (PET) would be applied by 28% of VS versus 21% of VT, whereas 
positron-emission tomography (PET) with CT fusion is considered useful by 40% of VS versus 
58% of VT (Table 3).

Table 2  Clinical characteristics 

Diagnostic indicators VS (No., %) VT (No., %)

N 124 (100) 19 (100)

Fever 50 (40) 4 (22)

Positive bloodcultures 55 (44) 6 (32)

Fistula 51 (41) 4 (22)

Gut feeling 24 (19) 3 (16)

Suspected AGI on imaging 118 (95) 15 (79)

Elevated infectious parameters 73 (59) 7 (37)

Missing 5 (4) 2 (11)

AGI, aortic graft infection; VS, vascular surgeons; VT, vascular surgeon trainees.
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Treatment
Antibiotics
Antibiotics are the cornerstone in treating AGI (Table 4). Most of our respondents will initiate 
antibiotic treatment at the first suspicion of AGI (52% of VS and 58% of VT) and will let cultures 
guide their eventual choice of antibiotics. Duration of therapy varied enormously in our 
respondents: 13 different opinions were noted when the respondents were asked how long 
they would give antibiotic treatment in AGI, with 40% of VS versus 37% of VT choosing lifelong 
therapy.

Surgical treatment
The other cornerstone of AGI treatment is surgery, which many consider is the only therapy 
able to completely and definitively treat AGI. As in all surgical procedures for infection, the 
key issue is to remove all infectious tissue, including the graft. After debridement and graft 
excision, most often some kind of revascularisation is warranted. (Table 5)
 
Abdominal debridement and graft removal
The necessity to debride the abdomen of all infectious tissue is beyond question. The indication 
for complete graft removal, however, is still open for discussion. Only 4% of VS and 0% of VT 
advocate a limited graft excision as primary procedure for AGI. (Table 5)

Table 3  Imaging modalities

Imaging VS (No., %) VT (No., %)

N 124 (100) 19 (100)

Number of modalities

 1 30 (24) 5 (26)

 2 different 62 (50) 9 (47)

 3 different 30 (24) 2 (11)

 >3 1 (1) 1 (5)

 Missing 1 (1) 2 (11)

Type of imaging

 Duplex 9 (7) 1 (5)

 Scintigraphy 36 (29) 6 (32)

 MRI 12 (10) 0 (0)

 CT 28 (23) 2 (11)

 CTA 78 (63) 9 (47)

 PET 35 (28) 4 (21)

 PET-CT 49 (40) 11 (58)

CT, computed tomography; CTA, computed tomography angiography; PET, positron-emission 
tomography; VS, vascular surgeon; VT, vascular surgeon trainee
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Revascularisation
Most of the Dutch VT (42%) consider extra-anatomic bypass (EAB), for example, axillobifemoral 
bypass, the first reconstruction option, whereas 59% of VS choose an in situ reconstruction. 
Most VS (63%) and VT (52%) consider a venous reconstruction their first choice for an in situ 
repair. Antibiotic-bonded grafts are the second choice, 17% of VS compared with 16% of 
VT, followed by silver grafts bonded with antibiotics in 10% of VS compared with 16% of VT.  
(Table 6)

DISCUSSION

AGI is one of the less controlled conditions in vascular surgery, where every part of the 
diagnostic and treatment process seems to offer clinical dilemmas. This state is clearly 
depicted from the data derived by our survey. The typical patient with clinically manifest 
AGI is chronically ill with a diversity of comorbidities. AGI is a relatively rare condition, with 
an incidence of 0.5 to 6%.2-4 Therefore, even in a specialized vascular centre, the number of 
patients with AGI treated per vascular surgeon each year is very low. The low incidence and 
heterogeneity in patient presentation seriously hampers clinical research on this condition. In 
a surgical field where randomized controlled trials are virtually impossible to perform, expert 
guided consensus is an important alternative to safeguard optimal patient treatment. 

Table 4  Duration of antibiotic treatment

Treatment duration VS (No., %) VT (No., %)

N 124 (100) 19 (100)

6 weeks 24 (19) 1 (5)

> 6 weeks 2 (2) 0 (0)

3 months 7 (6) 1 (5)

> 3 months 5 (4) 1 (5)

6 months 1 (1) 0 (0)

Lifelong 50 (40) 7 (37)

Until blood cultures prove negative 1 (1) 1 (5)

Until 3 blood cultures prove negative 14 (11) 2 (11)

Until laboratory parameters have normalized 10 (8) 1 (5)

Until sedimentation level <20 1 (1) 0 (0)

Until laboratory parameters and imaging have normalized 1 (1) 1 (5)

Until cultures and laboratory parameters have normalized 1 (1) 0 (0)

Depends on microbiologist 1 (1) 0 (0)

Useless as a single treatment option 0 (0) 1 (5)

Missing 6 (5) 3 (16)

VS, vascular surgeons; VT, vascular surgeon trainees.
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The clinical picture of AGI is notoriously diverse. Signs and symptoms tend to be more obvious 
in high-grade graft infections than in low-grade graft infections. Because of the relative rarity 
of the condition, most case-series do not differentiate between low-grade and profound AGI 
when reporting data. This is one of the reasons that none of the clinical symptoms with which a 
suspected AGI patient may present can be considered pathognomonic for AGI. Several studies, 
however, have observed the clinical findings in patients with AGI. Indirect signs include recurrent 
fever and chills, new back or groin pain, erythema, swelling, a pulsatile mass in the groin, 
pseudoaneurysms, hydronephrosis, septic embolisms, or graft thrombosis.4,5 Direct evidence 
includes exposed grafts and perigraft pus aspiration with positive cultures from a graft-cutaneous 
fistula or a graft-enteric fistula.4 Fever is an important sign of infection, and although 40% of VS 
believe this is essential in the diagnosis of AGI, this is not confirmed by existing literature. In case-
series with confirmed AGI, fever was present in a maximum 42% of the patients.6,7 

Table 5  Surgical treatment

Treatment VS (No., %) VT (No., %)

N 124 (100) 19 (100)

Limited excision only 5 (4) 0

Extensive debridement

 Plus EAB 29 (23) 8 (42)

 Plus in situ reconstruction 73 (59) 5 (26)

Depends on

 Clinical or operative findings 12 (10) 4 (21)

 Cultured microorganisms 1 (1) 0

Missing 4 (3) 2 (11)

EAB, extra-anatomic bypass; VS, vascular surgeons; VT, vascular surgeon trainees.

Table 6  In-situ reconstruction options

Graft material VS (No., %) VT (No., %)

N 124 (100) 19 (100)

Venous 78 (63) 10 (52)

Antibiotic-bonded graft 21 (17) 3 (16)

Silver-coated graft 5 (4) 0

Silver graft with bonded antibiotics 13 (10) 3 (16)

Allograft 2 (2) 0

Never use in situ reconstructions 1 (1) 0

Missing 4 (3) 3 (16)

VS, vascular surgeons; VT, vascular surgeon trainees.
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The accuracy of clinical findings in patients with suspected AGIs is not well established. Some 
patients may present with symptoms suggestive for graft infection, such as a graft-cutaneous 
sinus with positive cultures. Other patients, for example, those with recurrent unexplained 
fever, may just warrant a high index of suspicion A fistula or sinus draining part of the graft, 
which is most obvious in the groin, is noted in up to 43% of patients, and leukocytosis is found 
in up to 62% of proven AGIs.6-8 
Because no clinical sign or symptom by itself is able to confirm a suspected AGI, imaging is 
important in the diagnosis of AGI. Almost every radiologic and nuclear imaging modality has 
been used for the detection of AGI, but up till now, the gold standard is the CT scan. Early 
reports showed sensitivity and specificity rates up to 100% but included only patients with a 
fulminant AGI. Later series also included low-grade infections and reported somewhat more 
realistic sensitivity rates up to 94%, specificity rates up to 85%, positive predictive values (PPV) 
up to 83%, and negative predictive values (NPV) up to 79%.9-11 
An important advantage of the CT is that CT-guided fine needle aspiration can be used to 
obtain material for culture, assisting in the diagnosis. Some reports have even described CT-
guided drainage of the perigraft abscess as sole treatment.12,13 CT is capable of diagnosing a 
profound AGI, but its capability to detect low-grade graft infections is less than optimal and 
needs further investigation9-11 (see below and PET). 
Diagnostic research has lately focused on PET, owing to its ability to detect inflammation and 
infection. The high spatial resolution of the CT scan combined with functional PET data (PET-CT 
fusion) can result in a detailed anatomic localization of an inflammatory or infectious process.14 
The available reports show encouraging results from PET, with a PPV of 82% to 93% and a NPV 
of 73% to 88%, showing comparable yield as CT alone.9,15 PET-CT fusion shows a sensitivity of 
93%, specificity of 91%, PPV of 88%, and NPV of 96%.16 
Of all imaging modalities, PET is currently the most promising to demonstrate infection. PET 
by itself might be able to show infection, but the fusion with CT images is the real asset for 
AGI. PET suffers from availability and cost issues that limit its role somewhat. As in all AGI 
research, PET or PET-CT is only studied in limited case studies, and larger series are needed 
to confirm previous results and define PET’s role in AGI. Solving the current problems of 
clear cut-off values (eg, target-to-background ratio) and uniform study protocols might result 
in PET surpassing CT as the gold standard for proving AGI. Fluorodeoxyglucose is the most 
studied tracer, but others are currently under development. Future studies should be able to 
determine if they can further solidify PET as the major imaging modality in AGI. Although PET, 
especially when fused with CT, seems a valuable asset, its use may be hampered by availability. 
Until further studies have clarified the exact role of PET in diagnosing AGI, CT-scanning is 
recommend to diagnose AGI. 
Low-grade infections are the real diagnostic dilemma in AGI. As discussed, the value of 
CT declines in low-grade infections. The value of PET or PET-CT in low-grade AGI is not yet 
established. Only very limited studies address this problem. Spacek et al evaluated PET-CT 
in low-grade vascular graft infections in grafts in central as well as peripheral locations. They 
reported sensitivity of 97%, specificity of 91%, PPV of 94%, and NPV 97%.14 The timing of 
presentation depends on the virulence of the infecting bacteria. High-virulent microorganisms, 
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such as Escherichia coli or Staphylococcus aureus, are usually responsible for early AGI, whereas 
low-virulent microorganisms, such as Staphylococcus epidermidis, can colonize the graft 
for months, or even years, before complications occur.17,18 Early graft infections, commonly 
defined as an infection occurring within 4 months of implantation,5,19 therefore usually present 
with a more fulminant clinical picture than late graft infections. Although Spacek et al. report 
results from PET-CT in low-grade graft infections, their patient population really consisted 
of suspected graft infections that were non-acute. A high-grade infection can very well be 
localized, therefore not posing an acute problem. This raises questions about the validity of 
the patient population. 
Antibiotic therapy is essential in the adequate treatment of AGI. Although antibiotic therapy by 
itself will never be able to eradicate the infection completely and is therefore no substitute for 
surgery, antibiotics can be used as a primary suppressive treatment for graft preservation, as 
a perioperative adjunct, or to support an in situ replacement. The eventual choice of antibiotic 
type depends on the causing microorganism(s) and local resistance patterns. The main clinical 
dilemma in antibiotic therapy, however, is the duration of therapy. Although the optimal 
treatment duration is unknown, there is one good argument for lifelong treatment. Most of 
the bacteria that cause AGI are capable of producing a slime that surrounds the bacteria and 
adheres to the vascular graft, creating a biofilm. This biofilm is an aggregate of microorganisms 
that adhere to themselves and surrounding surfaces. The microorganisms form a dense matrix 
of extracellular polymeric substance in which the cells are embedded. The dense extracellular 
matrix of the biofilm protects the bacteria, makes them better resistant to antibiotics, and 
lowers the chance of finding them in cultures. When a biofilm has formed, antibiotics will 
only suppress the infection, and relapse of infection is inevitable after cessation as has been 
reported on a number of occasions.19-21 To our best of knowledge, there are no clinical trials 
concerning optimal treatment duration for each of the mentioned indications. Most centers 
therefore rely on expert opinions and treat AGI from 6 weeks to lifelong.19,21 Little is known 
about the role of the virulence of the causing microorganism in the diagnosis and treatment 
of AGI. On the one hand, and although not based on evidence, low-virulent microorganisms 
tend to present with more subtle clinical features and may be more easily treatable than 
their more virulent counterparts. On the other hand, low-virulent microorganisms may be 
more difficult to detect, making guided therapy more difficult. Most studies report the causing 
microorganisms; however, owing to its rarity, AGI is mostly reported on as a group. No studies 
have been published concerning the antibiotic treatment of low-grade AGI versus profound 
AGI. In a profound AGI, blood cultures are usually positive. In low-grade infections, however, 
cultures can prove negative, offering false safety. Biofilm formation can also be an important 
cause for negative cultures. New culture techniques, such as sonication, are currently under 
development and may be an asset in the diagnosis of AGI. 22 
Antibiotics are crucial in the treatment of AGI, but resistance is a growing problem. Only very 
limited new antibiotics are currently under development, which is a serious issue with regard 
to the treatment of AGI. While currently all efforts are made to treat a full-blown infection, focus 
should really be on the prevention of the infection. It is therefore not surprising that antibiotic-
bonded grafts and antiseptic-coated grafts (for example with silver) are rapidly becoming the 
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study focus for various research laboratories. Promising results are being produced with the 
silver grafts for in situ reconstructions, with silver grafts bonded with rifampicin being the 
latest assets. 
Graft preservation focus on abscess drainage and sepsis control with long-term antibiotic 
suppressive therapy. Antibiotic therapy as a suppressive treatment in graft preservation is 
a well-acknowledged option; however, only limited small case-series support this. Roy et al. 
reported 5 patients unfit for surgical treatment who were successfully treated solely with 
antibiotics, with a median survival of 32 months.20 Utili et al. treated 4 patients with antibiotics 
alone, 3 of them successful with 1 month of follow-up.21 While partial graft removal or even 
full graft preservation may be appealing in a number of cases, its efficacy is disappointing. 
All series reporting partial graft excision or graft preservation have proposed this treatment 
strategy only for patients deemed unfit for surgery. Serious mortality rates (up to 59%) and 
reinfection rates (up to 59%) make this approach not a serious option for patients capable 
of withstanding thorough debridement and total graft excision.23-26 Partial graft excision may 
sometimes be the only available option but should probably not be the surgical procedure of 
first choice. 27,28

Most of the various surgical options that have been suggested to treat AGI are major surgical 
procedures. There are basically two options: an EAB through a non-infected part of the body 
or an in situ replacement in which a new conduit is placed in the bed of the previous graft. The 
in situ options comprise antibiotic-bonded grafts, silver-coated grafts, allografts, and venous 
grafts.
The EAB has long been considered the gold standard in the revascularisation of AGI. Although 
it is still a sound, off-the-shelf option with an appealing concept (a bypass completely avoiding 
the infected field), results are somewhat disappointing, especially with regard to patency (5-
year primary patency up to 73%), reinfection rates up to 15%, and amputation rates up to 
24%.29 Late mortality rates are reported up to 44%.26,30 In a systematic review the late mortality 
rates of EAB are the highest of all surgical reconstruction options. Another off-the-shelf option 
is an antibiotic-bonded graft. Currently, the most common option is a cellulose or collagen-
Dacron graft, bonded with rifampicin. Rifampicin is a broad-spectrum antibiotic with activity 
against gram-positive microorganisms and some gram-negative microorganisms. Reinfection 
rates of up to 22% are reported.31 Although a safe option in low-virulent infections, results 
differ greatly in case of an aorto-enteric fistula.26,32-34 No amputation rates have been reported 
and late mortality rates up to 41%. 2,26,33 The third off-the-shelf option is a silver-coated graft. 
Silver is a bactericidal agent primarily directed against gram-negative microorganisms. Silver-
coated grafts have been shown to be safe, without toxicity. An important advantage of silver 
grafts is that they do not contribute to antibiotic resistance. Until now, only limited in vitro 
and in vivo studies have looked at the efficacy of silver to treat AGI. The two most recent 
studies compared silver grafts with arterial homografts and showed at least comparable 
effectiveness for the treatment of AGI in 30-day mortality (2-18%), 2-year mortality rates (4-
27%), 2-year amputation rates (0-4%) , patency rates (100%), and reinfection rates (4-18-%).35,36 
These promising results, however, need further evaluation and, preferably, a comparison with 
antibiotic impregnated grafts and venous grafts. 
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Arterial allografts are not widely available in The Netherlands, which may explain why only two 
respondents use this as first reconstruction option. Besides, most experts believe allografts 
are not the best choice for AGI unless as a bridge for definitive repair.2,33,37 
With regard to reinfection, venous grafts (from the deep femoral veins, a large-caliber great 
saphenous vein [>8 mm] or a spiral vein construction) are the superior option of all in situ 
grafts.8,26,38 Vein harvesting and reconstruction can, however, be time consuming. Although the 
fate of the venous graft is still claimed to be uncertain in the long-run, graft deterioration has 
never been reported.8,38,39 Whether these are real data, a result of limited follow-up periods, or 
the high mortality associated with AGI, remains unclear. Amputation rates are reported up to 
17% and late mortality up to 33%.26 
This study has some limitations. Our survey was designed to identify some of the diagnostic 
and clinical dilemmas in AGI using a comprehensive list of questions to be able to receive an 
adequate response. Although some dilemmas may still not be answered by our non-validated 
short questionnaire, we were able to score a total response of 51%, with a total response 
of 76% from VS. This seems representative as a nationwide survey. We have not asked our 
respondents about their individual experience with AGI. While this data may prove illustrative, 
measuring exact experience with AGI may prove difficult. There are well-known differences in 
The Netherlands, other European countries, and the United States in diagnostic availability 
(PET scan) and technical features, prevalence of microorganisms (methicillin-resistant  
S. aureus, for example, is a much less of a problem in The Netherlands than in the United 
States), antibiotic resistance patterns and graft availability (allografts). Because this is a 
nationwide survey, those differences offer some possible biases. 

CONCLUSION

Our survey among the Dutch vascular surgeons and surgeons in training shows they have 
highly mixed opinions about clinical diagnosis, diagnostic imaging, and treatment of AGI, 
reflecting available literature. It also shows that further research is desperately needed. Focus 
should be aimed especially at low-grade infections, in which clinical features, cultures, and 
imaging are all unreliable. More research and development of treatment guidelines is needed 
to reach uniformity and consensus for patients with infected vascular grafts. 



PART ONE CHAPTER 2

26

REFERENCES 

1 Bunt TJ. Vascular graft infections: an update. Cardiovasc Surg 2001 Jun;9(3):225-33.
2 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 Jul;44(1):38-45.
3 Perera GB, Fujitani RM, Kubaska SM. Aortic graft infection: update on management and treatment 

options. Vasc Endovascular Surg 2006 Jan;40(1):1-10.
4 Swain TW, III, Calligaro KD, Dougherty MD. Management of infected aortic prosthetic grafts. Vasc 

Endovascular Surg 2004 Jan;38(1):75-82.
5 Valentine RJ. Diagnosis and management of aortic graft infection. Semin Vasc Surg 2001 Dec;14(4):292-

301.
6 Batt M, Jean-Baptiste E, O’Connor S, Bouillanne PJ, Haudebourg P, Hassen-Khodja R, et al. In-situ 

revascularisation for patients with aortic graft infection: a single centre experience with silver coated 
polyester grafts. Eur J Vasc Endovasc Surg 2008 Aug;36(2):182-8.

7 Oderich GS, Bower TC, Cherry KJ, Jr., Panneton JM, Sullivan TM, Noel AA, et al. Evolution from 
axillofemoral to in situ prosthetic reconstruction for the treatment of aortic graft infections at a single 
center. J Vasc Surg 2006 Jun;43(6):1166-74.

8 Ali AT, Modrall JG, Hocking J, Valentine RJ, Spencer H, Eidt JF, et al. Long-term results of the treatment 
of aortic graft infection by in situ replacement with femoral popliteal vein grafts. J Vasc Surg 2009 
Jul;50(1):30-9.

9 Fukuchi K, Ishida Y, Higashi M, Tsunekawa T, Ogino H, Minatoya K, et al. Detection of aortic graft 
infection by fluorodeoxyglucose positron emission tomography: comparison with computed 
tomographic findings. J Vasc Surg 2005 Nov;42(5):919-25.

10 Mark A, Moss AA, Lusby R, Kaiser JA. CT evaluation of complications of abdominal aortic surgery. 
Radiology 1982 Nov;145(2):409-14.

11 Low RN, Wall SD, Jeffrey RB, Jr., Sollitto RA, Reilly LM, Tierney LM, Jr. Aortoenteric fistula and perigraft 
infection: evaluation with CT. Radiology 1990 Apr;175(1):157-62.

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

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

14 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 May;36(5):850-8.

15 Bruggink JL, Glaudemans AW, Saleem BR, Meerwaldt R, Alkefaji H, Prins TR, et al. Accuracy of FDG-PET-
CT in the Diagnostic Work-up of Vascular Prosthetic Graft Infection. Eur J Vasc Endovasc Surg 2010 Jun 
22.

16 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 Aug;48(8):1230-6.

17 Earnshaw JJ. Conservative surgery for aortic graft infection. Cardiovasc Surg 1996 Oct;4(5):570-2.
18 Valentine RJ, Clagett GP. Aortic graft infections: replacement with autogenous vein. Cardiovasc Surg 

2001 Oct;9(5):419-25.
19 FitzGerald SF, Kelly C, Humphreys H. Diagnosis and treatment of prosthetic aortic graft infections: 

confusion and inconsistency in the absence of evidence or consensus. J Antimicrob Chemother 2005 
Dec;56(6):996-9.

20 Roy D, Grove DI. Efficacy of long-term antibiotic suppressive therapy in proven or suspected infected 
abdominal aortic grafts. J Infect 2000 Mar;40(2):184-204.



27

CURRENT OPINIONS ON AORTIC GRAFT INFECTIONS

21 Utili R, Durante-Mangoni E, Tripodi MF. Infection of intravascular prostheses: how to treat other than 
surgery. Int J Antimicrob Agents 2007 Nov;30 Suppl 1:S42-S50.

22 Trampuz A, Piper KE, Jacobson MJ, Hanssen AD, Unni KK, Osmon DR, et al. Sonication of removed hip 
and knee prostheses for diagnosis of infection. N Engl J Med 2007 Aug 16;357(7):654-63.

23 Becquemin JP, Qvarfordt P, Kron J, Cavillon A, Desgranges P, Allaire E, et al. Aortic graft infection: is 
there a place for partial graft removal? Eur J Vasc Endovasc Surg 1997 Dec;14 Suppl A:53-8.

24 Calligaro KD, Veith FJ. Diagnosis and management of infected prosthetic aortic grafts. Surgery 1991 
Nov;110(5):805-13.

25 Hart JP, Eginton MT, Brown KR, Seabrook GR, Lewis BD, Edmiston CE, Jr., et al. Operative strategies in 
aortic graft infections: is complete graft excision always necessary? Ann Vasc Surg 2005 Mar;19(2):154-
60.

26 Berger P, Van Herwaarden JA, Harkisoen S, De Vries JP, Ekkelenkamp M, Moll FL. Surgical treatment of 
infected aortic grafts. J Cardiovasc Surg (Torino) 2012 Dec;53(6):719-34.

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

28 Maze MJ, Laws P, Buckenham T, Pithie A, Gallagher K, Metcalf S, et al. Outcomes of Infected Abdominal 
Aortic Grafts Managed with Antimicrobial Therapy and Graft Retention in an Unselected Cohort. Eur J 
Vasc Endovasc Surg 2013 Feb 25.

29 Berger P, Moll FL. Aortic graft infections: is there still a role for axillobifemoral reconstruction? Semin 
Vasc Surg 2011 Dec;24(4):205-10.

30 Brown PM, Jr., Kim VB, Lalikos JF, Deaton DH, Bogey WM, Powell CS. Autologous superficial femoral 
vein for aortic reconstruction in infected fields. Ann Vasc Surg 1999 Jan;13(1):32-6.

31 Young RM, Cherry KJ, Jr., Davis PM, Gloviczki P, Bower TC, Panneton JM, et al. The results of in situ 
prosthetic replacement for infected aortic grafts. Am J Surg 1999 Aug;178(2):136-40.

32 Hayes PD, Nasim A, London NJ, Sayers RD, Barrie WW, Bell PR, et al. In situ replacement of infected 
aortic grafts with rifampicin-bonded prostheses: the Leicester experience (1992 to 1998). J Vasc Surg 
1999 Jul;30(1):92-8.

33 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 Jan;53(1):99-106, 107.

34 Torsello G, Sandmann W. Use of antibiotic-bonded grafts in vascular graft infection. Eur J Vasc 
Endovasc Surg 1997 Dec;14 Suppl A:84-7.

35 Bisdas T, Wilhelmi M, Haverich A, Teebken OE. Cryopreserved arterial homografts vs silver-coated 
Dacron grafts for abdominal aortic infections with intraoperative evidence of microorganisms. J Vasc 
Surg 2011 May;53(5):1274-81.

36 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 Endovasc Surg 2011 Jan;41(1):61-7.

37 Kieffer E, Bahnini A, Koskas F, Ruotolo C, Le BD, Plissonnier D. In situ allograft replacement of infected 
infrarenal aortic prosthetic grafts: results in forty-three patients. J Vasc Surg 1993 Feb;17(2):349-55.

38 Daenens K, Fourneau I, Nevelsteen A. Ten-year experience in autogenous reconstruction with the 
femoral vein in the treatment of aortofemoral prosthetic infection. Eur J Vasc Endovasc Surg 2003 
Mar;25(3):240-5.

39 Chung J, Clagett GP. Neoaortoiliac System (NAIS) procedure for the treatment of the infected aortic 
graft. Semin Vasc Surg 2011 Dec;24(4):220-6.



PART ONE CHAPTER 2

28

Appendix 1, English translation of the complete original questionnaire

1. You are

 Vascular surgeon   Vascular surgeon in training   Other …………………….……...

2. How many open aortic reconstructions do you perform per year (including thoracic aorta, abdominal 
aorta and axillo-femoral bypass)
 
 <10  10-20  20-50  >50

3.  What characteristics must a patient meet if you suspect an infected aortic graft (more than one option 
possible)

 Fever  Positive blood cultures

 Fistula near operated field  “Gut feeling”

 Suspicion of an infected aortic graft on imaging

 Elevated infectious parameters

 Other: ………………………………………………………………………………

4. You suspect an aortic graft infection 

 a. What kind of laboratory tests would you order? (more than one option possible)

 Leucocytes  CRP  Sedimentation  Thrombocytes 

 Other: ………………….…………….…………………………………………….

 b. What kind of imaging modality would you order? (more than one option possible)

 CT  CT-angio  MRI   MRA

 PET scan  PET-CT fusion  Duplex  Scintigraphy

 Other: ………………….…………….…………………………………………….

5.  When do you start antibiotics in a patient with a suspected aortic graft infection? (more than one 
option possible)

 At the first clinical suspicion

 After culture results or imaging 

 Other: ………………………………………………………………………………
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6.  You would like to treat a patient with a suspected aortic graft infection just with antibiotics. How long 
would you give the antibiotics?

 6 weeks   Lifelong 

 Until blood cultures prove negative  Until three successive negative blood cultures 

 Other: ………………………………………………………………………………

7. Which is the surgical procedure of choice to treat an aortic graft infection?
 
 Extensive debridement, graft excision, and extra-anatomic bypass 

 Extensive debridement, graft excision, and in-situ bypass 

 Limited necrosectomy/abscess drainage/omentum plasty 

 Other: ………………………………………………………………………………

8. Which in-situ reconstruction do you prefer?

 Autologous vein reconstruction

 Rifampicin-bonded graft 

 Silver-coated graft 

 Silver + rifampicin graft 

 Other:………………………………………………………………………………

9.  You are operating on a patient with a suspected aortic graft infection and you find the graft to be fully 
incorporated. What does this mean? 

 There is no graft infection

 There may be a low-grade infection

 Nothing, the incorporation of a graft has nothing to do with the state of infection 
  
 Other: ………………………………………………………………………………
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ABSTRACT

Objectives
The introduction of endovascular techniques has had a major impact on the case mix of 
patients that undergo open aortic reconstruction. Hypothetically, this may also have increased 
the incidence of Aortic Graft Infection (AGI).  The aim of this study was to report on short- and 
midterm incidence rates of AGI after primary open prosthetic aortic reconstruction in the 
endovascular era. 

Methods
From 2000 through 2010, all 514 patients in a tertiary referral university hospital, undergoing 
primary open aortic prosthetic reconstruction for aneurysmatic or occlusive aortic disease with 
at least one aortic anastomosis were included. Data was obtained by retrospectively analyzing 
the medical records, by contacting patients or their general practitioner by telephone, and 
by merging the dataset with the national Cause of Death Register. AGI was defined as proven 
by cultures or clinically in combination with positive imaging results. The 30 day, 1-year, and 
2-year incidence rates were computed using life table analysis and expressed as percentages 
with 95% confidence intervals (CI). 

Results
AGI was diagnosed in 23 of the 514 included patients. 56% of the patients underwent elective 
surgery and 86% underwent surgery for an abdominal aortic aneurysm. The 30 day incidence 
was 1.6% (95% CI: 0.4% - 2.8), 1-year incidence was 3.6% (95% CI: 1.7% - 5.5%), and 2-year 
incidence for AGI was 4.5% (95% CI: 2.4% - 6.6%). The total number of person years (1058) 
yielded an AGI rate of 2.2 per 100 person years. 

Conclusion
The two year cumulative incidence rate of AGI following primary, open aortic procedures with 
at least one aortic anastomosis, is considerable and around 1:20.
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INTRODUCTION

Currently available data on the incidence of aortic graft infections (AGI) is scarce and mostly 
refers back to case-series from the mid-eighties. These series are difficult to compare 
because they use different definitions of AGI and have varying and often limited follow-up. 
Furthermore, most of these case-series did not differentiate patients based on risk profiles 
for infection, primary or redo operations, and types of graft material used. According to these 
studies, the risk of AGI is between 0.5% and 6%, depending on the type of procedure. 1-15 
Completely intraabdominal grafts are reported to have the lowest risk of AGI (less than 1%) 
while incidences up to 6% have been reported for grafts with a groin anastomosis. 11, 12, 14-18 
None of these studies, however, report the time between surgery and diagnosis of infection. 
Only one study in the literature could be found reporting on the incidence of AGI on a time-
basis. 14 This relatively recent and large population-based study, described a 2-year incidence 
of 0.19% (95% confidence interval (CI) 0.12-0.26). This study, however, only included patients 
who were surgically treated for AGI, excluding conservatively treated AGI. 
In the mid-eighties, patients with aorto-iliac disease were mainly treated by open surgery. In 
more recent decades, the overall approach of aorto-iliac disease has shifted from open to 
endovascular treatment strategies. Open reconstructions nowadays are mostly reserved for 
redo surgery or for patients unsuitable for endovascular treatment. Consequently, the relative 
number of complex open procedures is increasing. Conversely, the number of patients 
treated by primary open surgery and thereby the individual experience of vascular surgeon 
is decreasing. This implies longer operating times in an overall sicker patient, potentially 
increasing the risk of graft infection. Various trends in the endovascular era may have further 
changed the incidence of AGI. Evolution of medical imaging has enabled earlier detection of 
AGI. More attention is given to the periprocedural prevention of graft infection and antibiotic 
impregnated or silver grafts are preventively being used to treat patients at risk for graft 
infections. The expanded knowledge of the differences in the microorganisms causing early 
and late graft infections have further improved (perioperative) antibiotic coverage. 9, 10, 12 
The aim of this study was to provide time-related incidence rates of an aortic graft infection in 
patients after primary aortic surgery in the current endovascular era. 

MATERIAL AND METHODS

Between January 1st, 2000 and December 31st, 2010, all patients in a tertiary referral university 
hospital undergoing open aortic prosthetic reconstructions for aneurysmal or occlusive aortic 
disease were included. Patients were identified from the hospital administration system using 
the Dutch financial coding system concerning open aortic reconstructions. (Supplementary 
table 1) Only patients with primary, open procedures with at least one aortic anastomosis 
were included. All individual operative reports of the index operation were reviewed to identify 
patients meeting the inclusion criteria. The medical charts were reviewed to obtain predefined 
parameters on basic patient characteristics, co-morbidities, information about the initial 
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operation (indication, location, type of graft, elective/emergency, and use of femoral incisions) 
and graft infection. Study endpoints were 30 day, 1-year,  and 2-year cumulative incidence 
rates of AGI.

Follow-up
Follow-up data was obtained from the moment of aortic reconstruction through various 
sources. Hospital charts and out patient records were evaluated. In addition, patients or their 
direct relatives were contacted by telephone to ask whether AGI had occurred since the last 
hospital visit or whether the patient had died. In case patients could not be reached, their 
general practitioners were contacted to complete missing data. To further improve mortality 
data, the dataset was merged with the national Cause of Death Register (CDR), provided by 
Statistics Netherlands. Linkage with the CDR was done anonymous using a combination of 
the variables date of birth, sex and four digits of the postal code in the year of interest. Only 
those that were uniquely linked were included in the present study. The validity of the CDR has 
been shown to be adequate. 19 The linkage of the cohort data with the national statistics data 
is bound by law to strict rules and privacy legislation. These rules dictate that results showing 
data of less than 10 participants cannot be presented in the publication due to the potential 
of identification of the individual patients. 

Definitions
AGI was defined as either proven by at least one positive culture of periprosthetic material 
or at least one positive culture of a (partially) explanted prosthetic graft or clinically by a 
combination of clinical symptoms of infection and either imaging studies confirming AGI or 
draining subcutaneous sinus with underlying prosthetic vascular graft with negative cultures. 
(Table 1) All other patients were labeled unsuspected for AGI. Due to expected small case 
numbers and the privacy legislation, results were not stratified by proven or suspected AGI. 
Early mortality was defined as mortality within 30 days of the initial surgical procedure. Co-
morbidities were defined as recommended by the Ad Hoc Committee on Reporting Standards. 
20 Baseline (T0) was defined as the time of the first surgical procedure in the including hospital. 
The censoring-date was defined as the time of last follow-up contact, the occurrence of the 
AGI, the end of data acquisition (December 31st, 2010) or the time of death, whichever came 
first.  Total person years were calculated from baseline until the event or censoring date. 

Statistical analysis
Baseline characteristics were expressed as percentages with standard deviation (SD). The 
incidence of AGI was computed using life time tables and expressed as percentages with 
accompanying 95% confidence intervals (95% CI). Univariate analysis was performed using 
Cox proportional hazard regression model to identify independent risk factors for AGI. Results 
were expressed as hazard ratios (HR) and 95% CI. Further multivariate analysis was not 
performed because the small numbers of patients with AGI would induce a risk for overfitting 
the model. 21 Data was collected and processed using the Statistical Package for the Social 
Sciences version 20.0 (SPSS, IBM, Armonk, New York, U.S.A.)
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RESULTS

In total 621 patients met the inclusion criteria. Of these 621 patients, 514 could be linked with 
the national mortality database. 107 patients could not be linked and were therefore excluded 
from the present analysis. There were no major differences in baseline characteristics between 
the 107 excluded patients and the final cohort (supplementary table 2). 
Mean age was 69.2 years (SD 9.5) and 438 (85.2%) of the patients were male. 55.8% of the 
index operations were elective and 85.6% were done for abdominal aortic aneurysms (AAA). 
Mean follow-up was 2.1 years (range: 10.9 years). A total of 23 (4.5%) patients was identified 
with AGI. Mortality was high in patients diagnosed with AGI (337 per 1000 person-years). After 
being diagnosed with AGI, 30-day mortality risk was 30% and 1-year mortality risk was 45%. 
Baseline characteristics of the studied population are shown in table 2. 

Incidence of AGI
The 30-day incidence was 1.6% (95% CI: 0.4% - 2.8%),  the 1-year incidence was 3.6% (95% CI: 
1.7% - 5.5%), and 2-year incidence for AGI was 4.5% (95% CI: 2.4% - 6.6%). The total number of 
person years was 1058 yielding an AGI rate per 100 person years of 2.2.  Median time between 
the index surgery and the diagnosis of AGI was 83 days (range: 1.593 days).

Risk factors for AGI
The hazard ratio of AGI in patients operated for aneurysmal aortic disease was 2.04 (1.28-
3.25).  The following parameters were unrelated to AGI: age, sex, history of diabetes, history of 
COPD, history of hypertension, history of cardiac disease, history of cerebrovascular disease, 
elective versus emergency operation, or the use of a femoral incision.  (Table 3). As detailed 
in the methods section, the sample size was considered too small for a multivariate analysis. 

Table 1  Definitions of AGI

Positive cultures of periprosthetic material obtained by surgery or percutaneous puncture

Or

Positive cultures of a (partially) explanted prosthetic graft

Clinical symptoms of infection such as fever and elevated infectious parameters in a patient previously 
operated for an aortic graft without positive cultures of periprosthetic material

And at least one of the following

Imaging studies confirming AGI

Draining cutaneous sinus with underlying prosthetic vascular graft with negative cultures
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Table 2  Baseline characteristics 

Variable (No., %)

Total cohort 514

Age (mean +/-SD) 69.2 (9.5)

Sex (male) 438 (85)

AGI 23  (5)

Co-morbidities

    Diabetic 52 (10)

    Hypertension(SVSa class 1,2 or 3) 212 (41)

    Cardiac (SVS class 1,2 or 3) 154 (30)

    Pulmonary (SVS class 1,2 or 3) 79 (15)

   Cerebrovascular disease (TIAb/CVAc) 41 (8)

Operation indication, initial operation 

   Elective 287 (56)

   Abdominal aortic aneurysm 440 (86)

   Occlusive aortic disease 68 (13)

   Other 6 (1)

Operation Type, initial operation

    Abdominal tube 295 (57)

    Aorto-(bi)-iliac 130 (25)

    Aorto-(bi)-femoral 48 (9)

    Aorto-iliaco-femoral 11 (2)

    Other 30 (6)

Due to privacy legislation, baseline characteristics could only be provided for the total group.
a SVS, Society of Vascular Surgery. b TIA, Transient ischemic attack. c CVA, Cerebral Vascular accident

Table 3  Cox regression univariate analysis, showing the risk for AGI for various parameters

Parameter Hazard ratio 95% Confidence Interval

Age 1.00       0.96-1.05

Sex 0.89       0.30-2.60

History of diabetes 1.16       0.35-3.90

History of COPD 2.23       0.92-5.41

History of hypertension 0.43 0.17-1.08

History of cardiac disease 1.25 0.53-2.94

History of cerebrovascular disease 2.83 0.96-8.34

Elective procedure 0.76 0.30-1.92

Femoral incision 0.47 0.06-3.49

Aneurysmal aortic disease 2.04 1.28-3.25
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DISCUSSION

This study is the first to report on the cumulative incidence of AGI. Incidence estimates on AGI 
are scarce and difficult to compare across studies. There are three reasons for this: definition 
of AGI, case selection and follow-up. Incidence rates depend on how AGI is defined. Positive 
cultures of (peri) prosthetic material, obtained by percutanous puncture or surgery, are the 
gold standard to prove AGI. 10, 12, 22 However, culture of perigraft material may not be possible. 
Obviously, there should be material available for culturing and even if there is material available 
around the graft, it may not be possible to reach it percutaneous. Not every patient with an 
AGI will eventually proceed to a surgical intervention allowing access to material for culture. 
Another issue is that the culturing of prosthetic vascular material, even if found in an evidently 
infected area, may not always yield positive results. Therefore, in some patients with AGI, the 
diagnosis must be made clinically. There is no uniform definition for a clinically proven AGI. The 
symptoms of AGI are diverse 23 and may be responsible for differences in the interpretation 
of a clinically proven AGI. Most case-series reporting on the incidence of AGI describe highly 
selected groups of patient containing only high grade AGI, which have been treated surgically. 
Low grade AGI is often difficult to prove but excluding those from incidence studies obviously 
underestimates the true incidence. Surgery is the treatment of choice for AGI. 3, 11, 12 However, 
not every patient is considered physically fit enough to overcome a surgical procedure and 
many patients are treated conservatively for this reason. So by including only surgically treated 
AGI patients, the real incidence of AGI is also underestimated. To improve the accuracy, in the 
present study, both microbiologically and clinically proven AGI were included.
Most of the case-series reporting on incidence rates of AGI have a mixed patient population. 
They combine patients with primary and redo operations and with a diversity of grafts (mixing 
aortic with extra-anatomic grafts) and graft materials (polyester, polytetrafluoroethylene (PTFE) 
or even autologous material). These factors potentially offer different risk profiles for infection. 
Therefore, strict inclusion criteria were applied in this study, namely primary operations, 
prosthetic grafts, and at least one aortic anastomosis. The last difficulty in obtaining accurate 
incidence rates is adequate patient follow-up. Most of the patients with AGI are treated in 
tertiary referral centers and it is common practice that patients are redirected to their original 
hospital after treatment. Structural follow-up is seldom used. 
There is only one recent study in the literature reporting AGI incidence on a time-basis. 
In this large population bases study, a two year incidence rate of 0.19% (95% CI 0.12%-
0.26%) was reported in a population of 13,902 patients treated with open aortic repair. 
14  As opposed to these results, we observed a factor 20 higher incidence (2year incidence 
rate of 4.5% (95% CI: 2.4% - 6.6%)). There is a number of possible explanations for this 
discrepancy. First, in the previous study, patients from several hospitals in the state of 
Washington, USA, were included, while the present study included patients only from 
one tertiary referral hospital. This may have caused an overestimation of the present 
findings.  Second, in the previous study, only patients who were surgically treated for AGI 
were included. As such, low grade infections or conservatively treated infections are 
excluded from the incidence estimates, thereby underestimating true incidence rates.  
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Finally, there is a difference in the inclusion periods. While in the previous study, patients were 
included between 1987 and 2005, the inclusion period of the presented study is 2000 through 
2010. Percutaneous transluminal angioplasty (PTA) of occlusive aorto-iliac disease did not really 
take off until the introduction of peripheral stents in the late eighties. Endovascular aneurysm 
repair (EVAR), after being introduced in 1991, evolved into the preferred treatment for aortic 
aneurysm in the first decade of the 21st century. The patient population of the previous study 
mostly contains patients from the pre-endovascular era. This is reflected by the fact that for 
the same time period only 1,276 endovascular aortic procedures were included in their study. 
Open aortic surgery, nowadays, is mostly used for redo procedures or for patients unsuited 
for endovascular repair. This implies that current open aortic surgery is more complex with 
longer operating times, increasing the risk for AGI. 
While the present study may have overestimated incidence rates and the previous study may 
have underestimated incidence rates, these are the only two significant studies on incidence 
rates currently available. In view of the evolution of endovascular therapy for both occlusive 
and aneurysmal disease, and considering the high incidence rates in the present study, it 
might be hypothesized that endovascular therapy has left open surgery with patients at higher 
risk for AGI infection.

Risk factors for AGI
It is commonly known that patients at risk for infection are older and have a history of diabetes, 
COPD, or cardiac disease. Only a limited number of reports actually studied the association 
between risk factors and the occurrence of aortic graft infections. In a study comparing 51 
vascular graft infections (28 aortic and 23 lower extremities) with 102 control patients, groin 
incisions were shown to be an independent risk factor for vascular graft infections with an 
odds ratio (OR) of 4.8 (95% CI: 1.9-12). 24 The same study demonstrated a non-statistically 
significant trend of an increased risk for vascular graft infections with emergency procedures 
(OR 6.6; 95% CI: 0.7-60.9). In contrast the present study did not confirm these risk factors for 
AGI. In addition, aneurysmal aortic disease was found to be a risk factor for AGI. However, this 
is an unlikely risk factor and there is no clear explanation for the association.  It is important to 
acknowledge that the reported associations in both studies are based on a small sample size 
and therefore results should be interpreted with caution. 
The major strengths of this study are the use of a strict definition for AGI, the follow-up 
and the merger with the CDR to complete mortality data.One limitation of this study is the 
patient selection-bias. Patients treated in tertiary teaching hospitals are often more complex 
cases, with possibly higher risks of AGI. This selection may have overestimated the incidence 
of AGI in the current study as compared to routine clinical practice. Analyzing patients from 
a tertiary referral center also means that some patients are referred back to the referring 
hospital after treatment potentially limiting follow-up. Furthermore, patients move and even 
by contacting all general practitioners it is unlikely that the presented data is 100% complete. 
It is impossible to determine how many patients are involved and if this balances the above 
mentioned overestimation.  In the present study, proven and clinically suspected AG were 
combined. Since the clinical symptoms of AGI are diverse and unspecific, 23 there may have 
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been differences in interpretation of a clinically proven AGI. This may be responsible for some 
missing cases. Furthermore, some low grade infections (in which imaging may not (yet) proved 
positive) may have been missed due to the used definition. This may have underestimated the 
reported incidence estimates.

CONCLUSION

The current two year cumulative incidence rate of AGI following primary, open aortic 
procedures with at least one aortic anastomosis, is considerable. Almost 1 out of every 20 
patients develops AGI.  Considering the high incidence rates in the present study, it might be 
that endovascular therapy has left open surgery with patients at higher risk for AGI infection.
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SUPPLEMENTARY

Supplementary table 1  Financial codes used for patient selection

Code Surgical procedure

333153A Aorta, operative treatment thoracic aneurysm, non ruptured, tube graft

333153B Aorta, operative treatment thoracic aneurysm, ruptured, tube graft

333153C Aorta, operative treatment abdominal-thoracic aneurysm, non ruptured, tube graft

333153D Aorta, operative treatment abdominal-thoracic aneurysm, non ruptured, bifurcation graft

333153E Aorta, operative treatment abdominal-thoracic aneurysm, ruptured, tube graft

333153F Aorta, operative treatment abdominal-thoracic aneurysm, ruptured, bifurcation graft

333530E Aorta, operative treatment abdominal aneurysm, non ruptured, tube graft

333530F Aorta, operative treatment abdominal aneurysm, non ruptured, bifurcation graft

333530K Aorta, operative treatment abdominal aneurysm, ruptured, bifurcation graft

333530J Aorta, operative treatment abdominal aneurysm, ruptured, tube graft

333545A Iliac artery, operative treatment iliac aneurysm, non ruptured

333545B Iliac artery, operative treatment iliac aneurysm, ruptured

333551A Mesenteric artery, reconstruction, synthetic interposition graft

333552 Aorto-iliac bypass graft

333552B Mesenteric artery, reconstruction, synthetic bypass graft

333552C Aorta, Aorto-femoral bypass

333553 Aorta, tube graft

333558 Aorta , Aorta, aorto-iliac-aorto-iliofemoral bifurcation graft

333594 Aorta , excision infected prosthetic aorto / iliac graft

333674C Obturator bypass

333679 Iliac artery ,Iliaco-femoral bypass
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Supplementary table 2  Comparison between excluded patients and final cohort

Excluded patients (No., %) Final Cohort (No., %)

Age (mean +/-SD) 64.8 +/- 11.8 69.2 +/- 9.5

Sex (male) 95 (89) 438 (85)

AGI 6 (6) 23  (5)

Co-morbidities

    Diabetic 13 (12) 52 (10)

    Hypertension(SVSa class 1,2 or 3) 38 (36) 212 (41)

    Cardiac (SVS class 1,2 or 3) 35 (33) 154 (30)

    Pulmonary (SVS class 1,2 or 3) 11 (10) 79 (15)

   Cerebrovascular disease (TIAb/CVAc) 12 (11) 41 (8)

Operation indication, initial operation 

   Elective 86 (80) 287 (56)

   Aneurysmal aortic disease 80 (75) 440 (86)

   Occlusive aortic disease 23 (22) 68 (13)

    Other 4 (3) 6 (1)

a SVS, Society of Vascular Surgery. b TIA, Transient ischemic attack. c CVA, Cerebral Vascular accident
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ABSTRACT

Aim
18F-Fluorodeoxyglucose (FDG) Positron Emission Tomography (PET) scanning has been 
suggested as a means to detect vascular graft infections. However, normal FDG-uptake 
patterns associated with synthetic vascular graft implantation are unknown. The aim of the 
present study was to compare uninfected and infected central vascular grafts in terms of 
various parameters used to interpret PET images. 

Methods
From 2007 through 2013, patients in whom an FDG-PET scan was performed for any indication 
after open or endovascular central arterial prosthetic reconstruction were identified. Graft 
infection was defined as the presence of clinical or biochemical signs of graft infection with 
positive cultures or based on a combination of clinical, biochemical, and imaging parameters 
(other than PET-scan data). All other grafts were deemed uninfected. PET images were 
analyzed using Maximum Systemic Uptake Value (SUVmax), Tissue to Background Ratio (TBR), 
visual grading scale (VGS), and focality of FDG-uptake (focal or homogenous). 

Results
27 uninfected and 32 infected grafts were identified. Median SUVmax was 3.3 (interquartile 
range (IQR) 2.2) for the uninfected grafts en 5.7 for the infected grafts (IQR 5.6). Mean TBR 
was 2.0 (IQR 1.1) and 3.2 (IQR 2.0), respectively. On VGS, 44% of the uninfected and 72% of 
the infected grafts were adjudicated as a high probability for infection. Homogenous FDG-
uptake was noted in 74% of the uninfected and 31% of the infected grafts. Uptake patterns of 
uninfected and infected grafts showed a large overlap for all parameters. 

Conclusion
The patterns of FDG-uptake for uninfected vascular grafts  largely overlap with those of 
infected vascular grafts. This questions the value of these individual FDG-PET-CT parameters 
in identifying infected grafts. 
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INTRODUCTION

Central vascular prosthetic graft (CVG) infections are associated with morbidity and mortality 
rates up to 50%.1-3 As the diagnosis often leads to substantial surgical procedures, obtaining 
definite proof of the infection is essential. Symptoms are often aspecific, thus the diagnosis relies 
heavily on medical imaging.4 While a false-negative test result may result in undertreatment, 
a false positive test result may lead to unnecessary surgery. Considering the often critically ill 
patient population, any misclassification of the test outcomes will have a negative impact on 
the prognosis. Therefore, a diagnostic tool with the ability to discriminate well between the 
presence and the absence of a CVG infection is needed. 
Recently, Positron Emission Tomography scanning (PET-scan) using 18F-Fluorodeoxyglucose 
(FDG) has been suggested to be valuable in the diagnostic process of CVG infections.5-9 
18F-FDG PET-scanning is based upon the uptake of radioactive labeled 18F-FDG (a glucose 
analog) in metabolic active cells. Infectious and inflammatory processes show uptake of FDG.10

Synthetic vascular grafts have been shown to provoke a chronic low-grade inflammation which 
is a potential uptake source for FDG.11 FDG-uptake has also been shown to occur in uninfected 
aortic vascular grafts. However, it is unknown what “normal” FDG-uptake patterns, associated 
with the implantation of a synthetic vascular graft are.6,10,12-14 Therefore, the aim of this study 
was to assess the FDG-uptake patterns in uninfected and infected CVG, comparing Maximum 
Standardized Uptake Value (SUVmax), Tissue to Background Ratio (TBR), Visual Grading Scale 
(VGS), and focality of FDG-uptake between uninfected and infected central vascular grafts. 

MATERIAL AND METHODS

Patients treated with open or endovascular central vascular reconstructions in a tertiary 
referral center were included from January 1st, 2007 through December 31st, 2013. Patients 
were identified through the hospital registration system using the Dutch financial codes 
concerning open and endovascular central vascular reconstructions. (Appendix 1) All surgical 
reports were reviewed to identify patients meeting the inclusion criteria: (1) Open and/or 
endovascular central vascular reconstructions; (2) Abdominal grafts; (3) Thoracic grafts; (4) 
Centrally located extra-anatomic reconstructions (axillo-femoral reconstructions and femoro-
femoral reconstructions). Strictly infra-inguinal grafts were excluded.
This dataset was merged with the local nuclear medicine registration system to identify patients 
in whom an FDG-PET scan was performed, irrespective of the indication for imaging. Only 
patients in whom an FDG-PET scan was performed after graft implantation, for any indication, 
were included in the present study. Incomplete PET-scans were excluded.  (Figure 1) 
Basic patient characteristics and data on the primary aortic reconstruction were recorded. Co-
morbidities were defined as recommended by the Ad Hoc Committee on Reporting Standards.15 
The medical records were searched for clinical signs of infection (body temperature above 
38.5 Celsius, fluid surrounding the graft, incisional fistula, exposed grafts, and deep wound 
infections) at the time of the PET-scan. Laboratory infection parameters at the time of the PET-



PART TWO CHAPTER 4

48

scan were recorded (white blood cell counts, C-reactive protein, sedimentation rate, positive 
blood cultures). 
Uninfected was defined as absence of clinical and biochemical signs of graft-infection or 
ultimate rejection of VGI by a combination of biochemical, clinical, and imaging parameters 
(other than PET-scan) despite initial positive clinical or biochemical signs of a graft infection. 
Infected was defined as the presence of clinical or biochemical signs of a graft infection with 
positive cultures or based on a combination of clinical, biochemical, and imaging parameters 
(other than PET-scan data). In case of multiple grafts, each graft was scored separately. Only 
the first PET scan after graft implantation was scored. (Figure 1)

FDG-PET imaging
FDG-PET scans were acquired using a FDG-PET scanner (Siemens Biograph Sensation 16, 
Germany). Subjects received an intravenous injection of FDG at 2.0 MBq/kg of body weight. 
Patients were hydrated with 1000 ml of water 1 h prior to image acquisition. Blood glucose 
levels were checked in all patients before FDG injection, and no patients had blood glucose 
levels greater than 160 mg/dl. Approximately 1 h after FDG injection, the FDG-PET scan was 
performed. An emission PET scan was obtained with 3-minute acquisitions per bed position 
using a 3-dimensional acquisition mode. After PET scanning a low dose CT was performed for 
attenuation correction. In case of multiple grafts, all grafts were scored separately. 

Image Analysis
All images were analysed by 2 independent, experienced nuclear medical physicists (NMP) on 
a digital workstation, blinded for the clinical data. The following features were used to further 
analyse and quantify the images: SUVmax, TBR, VGS, and focality of FDG-uptake (focal or 
homogenous) TBR was defined as SUVmax divided by SUVmax of the bloodpool. The intensity 
of FDG-uptake was graded on a five-point scale (VGS) as follows: 
grade 0: FDG-uptake similar to that in the background  
grade 1: low FDG-uptake, comparable with that by inactive muscles and fat 
grade 2:  moderate FDG-uptake, clearly visible and higher than the uptake by inactive muscles 

and fat
grade 3:  strong FDG-uptake, but distinctly less than the physiologic urinary uptake by the 

bladder 
grade 4:  strong FDG-uptake, comparable with the physiologic urinary uptake by the bladder.5 
Based on the visual grading scale, the probability of prosthetic infection on FDG-PET scanning 
was classified as low or high (visual grade 0, 1 or 2 was defined as low, visual grade 3 or 4 
was defined as high). Focal FDG-uptake was defined as well circumscribed areas of increased 
uptake. For the final conclusion, a 5 point Likert scale was used: clearly not infected, probably 
not infected, doubtful, probably infected, and clearly infected.16,17 Examinations were 
reviewed in 3 orthogonal views. Fused PET/CT images were used to correlate PET signal with 
morphologic findings. In all examinations 1 cm or larger circular regions of interest (ROIs) were 
drawn. Differences in opinion between the observers with regard to the VGS, focality and Final 
conclusion was resolved by discussion and ended in a consensus.
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Statistical analysis 
Baseline characteristics were presented as median and interquartile range (IQR) or 
percentages. For SUVmax and TBR, a Receiver Operating Characteristic Curve (ROC) was 
plotted and AUC (area under the ROC curve) with 95% Confidence Interval (CI) was calculated. 
Using the cutoff point with the highest sensitivity and specificity from the AUC curves, a 
threshold value for SUVmax and TBR was determined. Data was calculated for both observers. 

Figure 1  Data collection
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Means and standard deviations between both observers were very much equal. Correlation 
was 0.83 and 0.84 respectively. Because of these high correlations and the fair amount of 
agreement between observers, we only presented data from observer 1. In case of different 
opinions on VGS, focality and final conclusion, this was resolved by discussion, leading to a 
consensus. 3 subgroup analyses were performed: aortic grafts (defined as grafts with at least 
one aortic anastomosis), extra anatomic / subcutaneous grafts, and early (within 1 year after 
implantation) versus late PET scans. Data was collected and processed using the Statistical 
Package for the Social Sciences version 20.0 (SPSS, IBM, Armonk, New York, U.S.A.)
 

RESULTS

Seventy-three patients with a central vascular graft implantation underwent PET-scanning for 
various reasons. After excluding incomplete scans and scans made prior to graft implantation, 
53 patients with 59 grafts (53 PET-scans) were included in the present study.. There were 27 
uninfected grafts and 32 infected grafts. Patients with uninfected grafts had a median age of 
70.0 years (IQR 16.7) and consisted of 22 (82%) males. Patients with infected grafts had a median 
age of 65.6 years (IQR 12.2) and consisted of 22 (69%) males. The indications for PET-scans 
for the uninfected grafts were malignancy (n=18, 67%), suspected vascular graft infection (n=7, 
26%) and unknown infections (n=2, 7%). All PET-scans in the infected group were performed 
for a suspected vascular graft infection. Median time between graft implantation and PET-scan 
was 2.8 years (IQR 5.2) for the uninfected grafts and 1.0 years (IQR 6.5) for the infected grafts. 
Patient characteristics are shown in table 1. In both the uninfected and infected groups, the 
predominant indication for central vascular reconstruction was an abdominal aortic aneurysm 
(63%). Details on the surgical procedures are shown in table 2. 

Maximum standardized uptake value (SUVmax)
Median SUVmax was 3.3 (interquartile range (IQR) 2.2) for the uninfected grafts en 5.7 for the 
infected grafts (IQR 5.6). AUC was 0.80 (95% CI 0.67-0.93). Using a cutoff value of 5.5 yielded 
a SE of 80% (95% CI 60%-100%), and SP of 81% (95% CI 69%-93%). Figure 2 shows that the 
SUVmax. SUVmax distributions for the uninfected and infected grafts largely overlap. 

Tissue-to-background ratio (TBR)
Median TBR was 2.0 (IQR 1.1) for the uninfected grafts en 3.2 for the infected grafts (IQR 2.0). 
AUC was 0.76 (95% CI 0.62-0.89). Using a cutoff value of 3 yielded a SE of 73% (95% CI 51%-
96%), SP of 71% (95% CI 58%-85%), Figure 3 shows the TBR distributions largely overlapping 
for uninfected and infected grafts. 

Visual Grading Scale (VGS)
Figure 4 shows the results of the VGS. VGS was subdivided into low probability for AGI (VGS 0, 
1 and 2) and high probability (VGS 3 and 4). This yielded a SE of 72% (95% CI 56%-89%) and SP 
of 56% (95% CI 37%-74%). 
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Focality 
A focal FDG-uptake was observed in 26% of the uninfected compared to 69% of the infected 
grafts (Figure 5). Focality as a parameter to detect AGI yielded a SE of 66% (95% CI 48%-83%) 
and SP of 74% (95% CI 58%-91%). 
 
Final conclusion based only on imaging
The final conclusion of the PET-scans was made using all available PET information (SUVmax, 
TBR, VGS and focality). Most of the uninfected grafts were judged clearly not infected or 

Table 1  Basic patient characteristics

Uninfected 
grafts (No, %)

Infected 
grafts (No, %)

Total amount of grafts(n) 27 32

Age (years, mean +/- SDa) 69.3 +/- 9.3 66.0 +/- 8.1

Male sex 22 (82) 22 (69)

Co-morbidities

   Smoking 12 (48) 18 (60)

   Diabetic 3 (11) 4 (13)

   Hypertension 9 (33) 16 (50)

   Cardiac (SVSb class 1,2 or 3) 9 (33) 14 (44)

   Pulmonary (SVS class 1,2 or 3) 9 (33) 5 (16)

Laboratory parameters

   Leucocytes (*109/L) (mean, range, SDa) 9.3 (4-15.6, 3.3) 9.1 (2.9-18.6, 3.3)

   C-reactive protein (mg/L) (mean, range, SD) 55.8 (8-144, 55.0) 47.4 (5-162, 40.1)

   Sedimentation (mm after 1 hour) (mean, range, SD) 16.8 (7-42, 16.9) 64.7 (8-140, 38.2)

Clinical parameters

   Positive bloodcultures 0 9 (28)

   Fever 0 24 (75)

   Fluid surrounding graft 0 11 (34)

   Incisional fistula 0 8 (25)

   Exposed graft 0 5 (16)

Time between graft implantation and PET-scan 
(years, mean, range)

4.3 (0.0-14.2) 3.9 (0.0-20.2)

Indication for PET-scan

   Malignancy 18 (67) 0

   Suspected graft infection 7 (26) 32 (100)

   Unknown infection 2 (7) 0

a SD, standard deviation. b SVS, Society for Vascular Surgery.
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Table 2  Surgical procedures

Uninfected 
grafts (n, %)

Infected 
grafts (n, %)

Operation indication

   Aortic aneurysm 17 (63) 20 (63)

   Stenosing aortic disease 10 (37) 7 (22)

   Other 0 5 (16)

Operation Type

Aorta

  Tube 4 (15) 4 (13)

  Aorto-biiliac 4 (15) 5 (16)

  Aorto-bifemoral 6 (22) 5 (16)

  Aorto-uniiliac-unifemoral 0 1 (3)

Iliofemoral 1 (4) 3 (9)

Extra-anatomic bypass

  Axillo-bifemoral 1 (4) 3 (9)

  Axillo-uni-femoral 1 (4) 0

  Axillo-popliteal 0 3 (9)

  Femoro-femoral crossover 5 (19) 1 (3)

EVARa 

  Bifurcation 3 (11) 5 (16)

  Aorto-uni-iliac with femoro- femoral crossover 2 (7) 1 (3)

TEVARb 0 1 (3)

a EVAR, EndoVascular Aneurysm Repair. b TEVAR, Thoracic EndoVascular Aneurysm Repair.

Figure 2  SUVmax distribution in uninfected and infected grafts 
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Figure 3  TBR distribution in uninfected and infected grafts

Figure 4  Visual grading scale distribution in uninfected and infected grafts



PART TWO CHAPTER 4

54

probably not infected (24 out of 27, 89%). Most of the infected grafts were judged clearly 
infected or probably infected (21 out of 32, 66%). (Figure 6) Subdividing the conclusion into 
uninfected (clearly uninfected or probably uninfected) and uninfected (doubtful, probably 
infected, or clearly infected) yielded a SE of 77% (95% CI 62%-92%) and a SP of 89% (95% CI 
77%-100%).

Aortic grafts 
The distributions of SUVmax, TBR, VGS, focality, and the final conclusion also overlapped 
largely in uninfected (n=14) and infected grafts (n=15), when the analysis was restricted to 
aortic grafts.  

Subcutaneous grafts 
The distributions of SUVmax, TBR, VGS, focality, and the final conclusion also overlapped 
largely in uninfected (n=7) and infected grafts (n=7), when the analysis was restricted to extra 
anatomic, subcutaneous grafts. 

Figure 5  Homogenous and focal FDG-uptake in uninfected and infected grafts

Figure 6  Final conclusion of the PET-scans
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Early versus late PET scans 
An early PET scan within 12 months after graft implantation was performed in 6 uninfected 
grafts and 12 infected grafts. A late PET scan was performed in 21 uninfected and 20 infected 
grafts. The qualitative parameters in this subgroups analysis showed the same overlap as 
for the total group. In the early group, the VGS detected all 6 uninfected grafts (100%). 82% 
of the early infected grafts showed focal uptake. 100% of the uninfected grafts in the early 
groups could be identified by the final conclusion. In the late group, the same overlap between 
uninfected and infected grafts was seen for SUVmax, TBR, VGS, focality and the final conclusion 
as for the total group. 

DISCUSSION 

This study reports the distribution of SUVmax, TBR, VGS, focality of FDG-uptake, and final 
conclusion in uninfected and infected central vascular grafts (CVG). It is the first to show that 
FDG-uptake patterns in uninfected CVGs largely overlap with those of infected CVGs.
Only limited studies have shown that uninfected grafts indeed are able to display FDG-uptake. 
One study reported on 16 patients with aortic grafts in which FDG-uptake was demonstrated 
in 11, while only one of these grafts was deemed infected.14 In another study, 102 PET scans 
in 42 patients with 107 uninfected vascular grafts were analyzed.10 FDG-uptake was noted 
in 98 grafts (92%). The amount of FDG-uptake can be expressed by SUVmax and TBR. The 
role of SUVmax and TBR in diagnosing increased FDG-uptake has not been established for 
uninfected or infected grafts. Considering the large overlap of SUVmax and TBR in uninfected 
and infected grafts in the present study, cutoff values will be difficult to establish.
Of the quantitative parameters used to interpret PET images, only focal uptake has been 
shown to accurately predict infection.8 In the series of Keidar et al., a diffuse homogenous 
uptake was noted in 67 uninfected grafts (63%) and inhomogenous uptake in 31 grafts 
(29%). No grafts displayed focal FDG-uptake.10 In the present study, however, both focal and 
homogenous FDG-uptake were observed in both uninfected and infected central vascular 
grafts. Spacek et al. reported that focal uptake was associated with a vascular graft infection 
with a SE of 78% (95% CI 67%-89%) and SP of 93% (95%CI 85%-100%). These estimates 
could not be reproduced in the present study (SE of 66% (95% CI 48%-83%) and SP of 74% 
(95% CI 58%-91%)). One important difference between the latter study and the present 
study is the definition of proven graft infection. While in the present study, a graft infection 
was considered proven on microbiological or clinical parameters, Spacek et al. used positive 
microbiological or histopathological findings. This may have lead to an overestimation of 
infections in the latter study.
No quantitative parameter of the FDG-PET scan could be identified that could reliably 
differentiate between uninfected and infected grafts. This limits the usefulness of these 
individual parameters to identify infected grafts. Of the qualitative parameters, only the final 
conclusion seemed to be able to provide some differentiation. There is no clear explanation 
for this finding. Apparently, the individual parameters add up to a subjective threshold above 
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which a graft is deemed either uninfected or infected. Multivariate analysis with a larger patient 
population with different weighing schemes of the individual parameters is required to explain 
this issue. 
The strengths of this study are that it is the first study to describe the FDG-uptake patterns in 
uninfected and infected central vascular grafts, it compares maximum Standardized Uptake 
Value (SUVmax), Tissue to Background Ratio (TBR), Visual Grading Scale (VGS), and focality of 
FDG-uptake in uninfected and infected central vascular grafts, and all PET-FDG parameters 
were independently assessed by 2 observers, blinded for clinical data. The following limitations 
of this study need to be addressed. First, normal FDG-uptake patterns may differ according 
to graft location. In the present study stent grafts, subcutaneous grafts, as well as aortic grafts 
were included. The numbers in the present study were too small to determine differences 
in uptake patterns, stratified for graft location. However, our subgroup analysis of aortic and 
subcutaneous graft did show the same overlap between FDG-uptake patterns of uninfected 
and infected grafts as for the total group. Second, different graft materials provoke different 
inflammatory reactions and may therefore yield a different normal FDG-uptake pattern. All 
the aortic and subcutaneous grafts in the present study, however, were made of polyester. 
The effect of graft material on normal uptake patterns will probably be mild in the present 
study. Third, only the first PET-scan performed after central aortic graft implantation was 
assessed. The healing of the surgical trauma associated with a vascular graft implantation 
is characterized by several inflammatory stages. Possibly, these stages are associated with 
different FDG-uptake patterns and different SUVmax and TBR values. The temporal changes 
of FDG-uptake patterns in the immediate postoperative period have not been studied. Larger 
studies are needed to assess the effect of postoperative timing of the PET-scan on the normal 
FDG-uptake patterns. 

CONCLUSION 

Patterns of FDG-uptake in uninfected grafts largely overlap with those of infected vascular 
grafts. This limits the diagnostic value of the individual parameters of the PET scan (SUVmax, 
TBR, VGS, and focality of FDG-uptake) in identifying or ruling out infected grafts.
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Appendix 1  Financial codes used for patient selection

Code Surgical procedure

333152Y Aorta, operative treatment traumatic aorta rupture, thoracic, endovascular bifurcation graft

333153A Aorta, operative treatment thoracic aneurysm, non ruptured, tube graft

333153B Aorta, operative treatment thoracic aneurysm, ruptured, tube graft

333153C Aorta, operative treatment abdominal-thoracic aneurysm, non ruptured, tube graft 

333153D Aorta, operative treatment abdominal-thoracic aneurysm, non ruptured, bifurcation graft

333153E Aorta, operative treatment abdominal-thoracic aneurysm, ruptured, tube graft 

333153F Aorta, operative treatment abdominal-thoracic aneurysm, ruptured, bifurcation graft

333153H Aorta, thoracic aneurysm, percutaneous prosthesis 

333530E Aorta, operative treatment abdominal aneurysm, non ruptured, tube graft

333530F Aorta, operative treatment abdominal aneurysm, non ruptured, bifurcation graft

333530H Aorta, operative treatment abdominal aneurysm, non ruptured, endovascular bifurcation graft

333530K Aorta, operative treatment abdominal aneurysm, ruptured, bifurcation graft

333530J Aorta, operative treatment abdominal aneurysm, ruptured, tube graft

333530N Aorta, operative treatment abdominal aneurysm, endovascular tube graft

333530P Aorta, operative treatment abdominal aneurysm, ruptured, endovascular bifurcation graft

333545A Iliac artery, operative treatment iliac aneurysm, non ruptured

333545B Iliac artery, operative treatment iliac aneurysm, ruptured

333551A Mesenteric artery, reconstruction, synthetic interposition graft

333552 Aortoiliac bypass graft

333552B Mesenteric artery, reconstruction, synthetic bypass graft

333552C Aorta , Aorto-femoral bypass

333553 Aorta, tube graft

333558 Aorta, aorto-iliac-aorto-ilieo-femoral bifurcation graft

333594 Aorta , excission infected prosthetic aorto / iliac graft

333672 Axillo-popliteal bypass

333673 Femoro-femoral bypass

333674C Obturator bypass

333679 Iliac artery ,Iliaco-femoral bypass
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ABSTRACT

Introduction
The clinical dilemma in suspected aortic graft infection (AGI) is how to obtain non-invasively a 
reliable proof of infection. In addition to confirming the presence of infection, it is necessary 
to obtain information regarding the extent of infection in order to select a proper strategy 
for reoperation. Therefore, developing a more reliable non-invasive physiological approach to 
detect infected prostheses is required. 18F-fluorodeoxyglucose positron emission tomography 
scanning (18F-FDG PET) has been suggested to have a pivotal role in the detection of AGI. 
In this study we assessed the contribution of two (semi) quantitative parameters (maximal 
standardized uptake value (SUVmax) and tissue-to-background ratio (TBR) and of two visual 
parameters, FDG distribution patterns and Visual Grading Scale (VGS) in the final confirmation 
of the diagnosis of AGI. 

Methods
Patients who had a central aortic prosthetic graft and who were clinically suspected for AGI 
were gathered from a prospectively maintained database. Those that underwent 18F-FDG 
PET scanning combined with computed tomography angiography (CTA) and in whom peri-
prosthetic samples were taken at some stage in the diagnostic process were included. 
AGI was considered proven in case of a positive culture and compared with a group with 
negative cultures. Positive and negative predictive values were calculated. Receiver operating 
characteristics (ROC) curves were used to assess the ability of SUVmax and TBR to identify 
presence and absence of AGI (i.e. accuracy).

Results
In 37 out of 77 patients suspected of AGI, FDG-PET and perigraft material for culturing was 
obtained. Twenty one out of these 37 patients had a positive tissue culture (56.7%). Mean 
SUVmax for proven infection was 8.1 (range, 3.6-18.5; SD 3.7) and mean TBR was 5.9 (range, 
1.7-13.0; SD 2.7). The area under the curve (AUC) for SUVmax was 0.78 (CI 0.63-0.93). A cut-
off value of 8 yielded a PPV of 80% and a NPV of 54%. For TBR the AUC was 0.70 (CI 0.52-
0.87). A cut-off value of 6 yielded a PPV of 73% and NPV of 52%. The PPV for the VGS and 
FDG distribution patterns were 75% and 61%, respectively; the NPV were 77% and 67%, 
respectively.

Conclusion
Our study, performed in a small sample of patients suspected of AGI, showed that the 
diagnostic abilities of both quantitative and visual 18F-FDG PET parameters are modest.
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INTRODUCTION

Aortic graft infections (AGI) pose a serious clinical problem in vascular surgery. An important 
dilemma in clinically suspected AGI, is confirmation of definite prove of the graft infection. 
Positive cultures either from a percutaneous aspirated perigraft abscess or from surgically 
obtained material are by many considered the gold standard for diagnosing AGI.1-5 However, 
a perigraft abscess is not always present and even if present it may not always be suitable 
for puncture. Also, a patient with AGI is often critically ill and not able to tolerate a diagnostic 
surgical procedure. Imaging, therefore, may play an important role in increasing the likelihood 
of the diagnosis of AGI. Several case series have suggested a promising role of 18F-FDG PET 
scanning to this respect.6-11 18F-FDG PET has been reported to have a high sensitivity (up to 
91%) but low specificity (up to 64%), and therefore potentially suitable for diagnosing presence 
of AGI.7 18F-FDG PET scans are assessed using both quantitative SUVmax and TBR and visual 
parameters, FDG distribution patterns and Visual Grading Scale (VGS). 
There is no consensus with respect to the interpretation of the 18FDG-PET findings in the 
reviewed studies wherein a visual grading scale was used. Only intense focal FDG uptake has 
been claimed to be a significant predictor for the presence of infection but the role of the 
other parameters has not been established.10,12 More recently, a semiquantitative method has 
been suggested for the evaluation of thoracic prosthetic graft infections is a small group in 
which a SUVmax >8 in the perigraft area was considered the cut-off value for distinguishing 
between an infected graft and a non-infected graft.13 Ideally, one would study a large group of 
patients suspected of AGI, in whom the diagnostic procedures of interest and the current gold 
standard have been performed.14

The aim of the present study was to assess the performance of 18F-FDG PET scan derived 
SUVmax, TBR, FDG distribution pattern, and VGS in the diagnosis of AGI in patients suspected 
of AGI.
 

PATIENTS AND METHODS

Patients with a central aortic prosthetic graft were identified from a prospectively maintained 
database at the University Medical Center Utrecht between January 2006 and June 2013.  
Medical charts from all patients in the database were analysed to identify those patients with a 
central aortic prosthetic graft in whom clinically an AGI was suspected. Patients were clinically 
suspected for AGI in case of undefined fever, a deep wound infection, an incision fistula or 
persisting high laboratory infection parameters after central prosthetic vascular surgery or a 
combination of these factors. All patients with a suspected AGI that underwent 18F-FDG PET 
with CTA in the diagnostic work-up and, in whom peri-prosthetic samples for microbiological 
culturing were obtained during the diagnostic work-up or during surgery (removal of the graft), 
were included in the present study. 
Basic patient characteristics and information about the initial operation, type of graft material, 
laboratory parameters and clinical symptoms at the time of the 18F-FDG PET scan and 
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definite treatment were collected from the medical records. Co-morbidities were defined as 
recommended by the Ad Hoc Committee on Reporting Standards.15 To gather the required 
information, the hospital’s patient administration system was consulted. Patients’ data were 
analyzed anonymous. Retrospective patient’s data research is not in scope of the Dutch Law 
human bound research, IRB approval is not required. 

Definitive proof of infection
AGI was considered proven only in case of a positive culture of material obtained either by 
puncture or after surgery. 

18F-FDG PET analysis
Patients were instructed to fast, except for glucose-free oral hydration, for 6 hours before the 
18F-FDG injection based on their weight (2-3.7 MBq kg-1). Blood glucose levels were measured 
before injection. Diabetic patients were instructed to keep to their regular schedule of 
glucose-controlling drugs. With each 18F-FDG PET, whole-body mode (i.e., from halfway up the 
thigh to the crown of the head) studies were used on a Phillips Allegro PET scanner (Philips 
Medical Systems) and a Biograph mCT scanner (Siemens Medical Systems, Knoxville, TN, USA). 
Approximately sixty minutes p.i. 18F-FDG, PET emission data were acquired from total body, 5 
minutes per bed position. The measured resolution is 2-4 mm in full width at half maximum 
transaxially in the centre of the field of view. For PET data reconstruction 3 interactions, 21 
subsets, with an image size of 256 x 256, zoom 1, was used.
Two experienced nuclear medicine physicians (NMP) assessed the 18F-FDG PET images (BK, 
RS), blinded for the clinical- and the CTA scan data. The following features were used to further 
analyse and quantify the images: SUVmax, TBR, FDG distribution pattern and VGS. TBR was 
defined as SUVmax divided by SUVmax of the caval vein (blood pool). FDG distribution pattern 
was classified as either focal or diffuse. Based on the visual grading scale, the probability of AGI 
on 18F-FDG PET scanning was classified as low or high (visual grade 0, I or II was defined as low, 
visual grade III or IV was defined as high). 
The intensity of FDG uptake was graded on a four-point scale as follows: grade 0, FDG 
uptake similar to that in the background; grade I, low FDG uptake, comparable with that by 
inactive muscles and fat; grade II moderate FDG uptake, clearly visible and higher than the 
uptake by inactive muscles and fat, grade III, strong FDG uptake, but distinctly less than the 
physiologic urinary uptake by the bladder and grade IV, strong FDG uptake, comparable with 
the physiologic urinary uptake by the bladder.6 

CT angiography analysis
CTA imaging was performed, after administration of intravenous contrast, by Multidetector 
CT Siemens Somatom Definition (Siemens AG, Medical Solutions, Forchheim, Germany). 
CTA scans were assessed on a digital workstation by a radiologist, while he was blinded for 
clinical- and FDG-PET data. Current literature regards the following items as predictive for 
vascular prosthetic graft infection on CTA scanning: the presence of aortoenteric fistula, 
pseudo-aneurysm, intergraft thrombus, hydronephrosis, perigraft fluid (Hounsfield units 
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(HU)), perigraft air, perigraft soft tissue attenuation (HU), focal bowel wall thickening (mm), 
discontinuity of the aneurysmal wrap (mm), maximal diameter of the largest air bubble, 
maximal diameter of the fluid collection (mm) and visual judgment by a radiologist.6  Scoring 
these items was complemented by a visual judgment for the likelihood of AGI. The likelihood 
of AGI was classified as low or high, based on a visual scale judgement from 10 to 100 points. A 
low probability was defined from 10 to 54 points and a high probability from 55 to100 points. 

Statistical analysis
Baseline characteristics were presented as mean ± standard deviation or percentages. The 
diagnostic value of 18F-FDG PET for detecting AGI was assessed for the following 18F-FDG PET 
outcomes: SUVmax, TBR, FDG distribution pattern and visual grading scale. Furthermore, to 
measure the ability of these parameters in predicting presence of AGI, a receiver operating 
characteristic curve (ROC) was plotted and AUC (area under the ROC curve) with 95% confidence 
interval was calculated. The diagnostic ability was classified by the AUC values as follows; 0.5-
0.6 failed, 0.6-0.7 poor, 0.7-0.8 fair and 0.8-1.0 good. Cut-off points with the highest sensitivity 
and specificity from the AUC curves were used to determine a threshold value for TBR and 
SUV max. Next, as for the visual grading scale, sensitivity (SE), specificity (SP), positive predictive 
value (PPV) and negative predictive value (NPV) were calculated. The diagnostic value of CTA for 
detecting AGI was assessed for the above mentioned CT characteristics (aortoenteric fistula, 
pseudoaneurysm, intergraft thrombus, hydronephrosis, perigraft fluid, perigraft air, perigraft 
soft tissue, focal bowel wall thickening and discontinuity of the aneurysmal wrap). For these 
CTA characteristics sensitivity, specificity, positive predictive value and negative predictive 
values were calculated. Data were collected and processed using the Statistical Package for 
the Social Sciences version 20.0 (SPSS, IBM, Armonk, New York, U.S.A.).
 

RESULTS

Patient selection
A total of 37 patients meeting the inclusion criteria were identified. In 8 patients microbiology 
was obtained through percutaneous puncture and in 29 patients through surgery. Positive 
cultures were found in 21 patients during surgery (n=15) or puncture (n=6). Figure 1 shows the 
pathways for including patients with a suspected AGI. 
  
Baseline patient characteristics
Seventy-three percent of the 37 patients were male. The mean age at the time 18F-FDG PET 
examination took place was 66 ± 8.0 years, ranging between 50 and 86 years. All implants 
were prosthetic grafts and implanted in the thoraco-abdomino-iliac tract. Mean duration from 
graft implantation till 18F-FDG PET scanning was 5.3 years (range, 0.05-18.31 SD 6.0). Antibiotic 
treatment was initialized before surgical treatment in 89% of the patients. Nearly all of the 
patients with a positive culture received preoperative antibiotics (n= 20, 95%) compared to 
81% (n=13) of the patients with a negative culture result. Patient characteristics are described 
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in Table 1 Most patients were initially treated because of aneurysmatic disease (n=22, 60%). 
Operative details are listed in Table 2. Out of 37 patients, 21 had a proven AGI, yielding a prior 
probability for the presence of AGI of 57%. 

Maximum standardized uptake value
Mean SUVmax for proven infections was 8.1 (range, 3.6-18.5; SD 3.7) compared to 5.0 (2.7-
11.0; SD 2.3) for the other group (Table 3). Area under the receiver operating characteristic 
curve of SUVmax was classified as fair with a value of 0.78 (CI 0.63-0.93). Sensitivity, specificity, 
PPV and NPV were calculated for SUVmax cut-off values of 4, 6, 8 and 10 (Table 4). When the 
cut-off point is set at value 8 or above to indicate a positive test, the PPV and NPV were, 80% 
and 54%, respectively.

Figure 1  Data collection
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Table 1  Baseline characteristics 

Total number of patients (n) 37

Male (n,%) 27 (73)

Age (mean ± SD (range)) 66±8.0 (50-86)

BMI (mean ± SD (range) 26±2.9 (20-34)

Preoperative antibiotic use (n,%) 33 (89)

Co-morbiditiesa (n, %)

    Diabetic 4 (11)

    Current tobacco use 10 (27)

    Hypertension,  Controlled by > 0 drugs 16 (43)

    Cardiac disease (SVS class 1,2 or 3) 12 (32)

    Hyperlipidemia 6 (16)

    Renal status (creatine level <2.4 mg/dl) 3 (8)

    Pulmonary status (SVS class 1 or 2) 5 (13)

a Defined according the Ad Hoc Committee on Reporting Standards12.  

Table 2  Graft location and material at initial operation

n (%)

Underlying disease Aneurysmatic 22 (60)

Occluding 14 (38)

Graft location Aorta-iliac 36 (95)

Axillo-bifemoral 2 (5)

Type of reconstruction Open 30 (81)

Endovascular 7 (19)

Graft material Dacron® 30 (781)

Medtronic 0

Endurant® 7 (19)

Table 3  (Semi-) Quantitative FDG-PET values 

Total group 
(n=37)

Positive cultures 
(n=21)

Negative cultures 
(n=16)

SUVmaxa (mean, SD, range) 6.7 +/- 3.5 (2.7-18.5) 8.1 +/- 3.7 (3.6 – 18.5) 5.0 +/- 2.3 (2.7 -11.0)

TBRb (mean, SD, range) 5.1 +/- 2.7 (1.7-13.0) 5.9 +/- 3.0 (2.5 – 13.2) 4.1 +/- 2.1 (1.7 – 8.5)

a Maximum standardised uptake value. b Tissue-to-background ratio 
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Tissue-to-background ratio
Mean TBR was 5.9 (range, 1.7-13.0; SD 2.7) for proven infections compared to 4.1 (range, 
1.7-8.5; SD 2.1) (Table 3). The ability of TBR in predicting the presence of AGI was classified 
as fair with an AUC of 0.70 (CI 0.52-0.87). Sensitivity, specificity, PPV and NPV were calculated 
for TBR cut-off values of 2, 4, 6 and 8 (Table 5). When we put the cut point at the value 6 or 
above to indicate a positive test, the PPV and NPV were, 73% and 52%, respectively.

Visual FDG-PET interpretation
Using the Visual Grading Scale, suspicion for AGI was high in 24 (65%) patients. In 18 of these 
24 (75%) patients AGI was eventually proven, leading to a PPV of 75%. In 13 (35%) patients the 
18F-FDG PET scan was judged as a low suspicion for AGI. Ten of these cases were finally proven 
negative for AGI based on culture material, yielding a negative predictive value of 77%. The use 
of these parameters yielded a PPV of 61% and a NPV of 67 % (Table 6). These estimates did 
not differ from the prior probability in the study population. 
The inter-observer agreements were calculated between the two NMP and were found to be 
excellent. The average ratings and standard deviations were quite equal and the correlations 
between the ratings of SUVmax, TBR and VGS of the two ratings were 0.89, 0.80 and 0.74 
respectively. The inter-observer agreement regarding the likelihood for AGI was 0.49 (fair).

Table 5  Cut-off values TBRa

TBR value Number of 
individuals with 
positive test

Sensitivity 
(%, 95 CI)

Specificity
(%, 95 CI)

PPVb 
(%, 95 CI)

NPVc 
(%, 95 CI)

2 20 100 19 (1-38) 61 (44-77) 100

4 13 65 (44-86) 56 (32-81) 65 (44-86) 56 (32-81)

6 8 40 (19-62) 81 (62-100) 73 (46-99) 52 (32-72)

8 4 20 (3-38) 94 (82-100) 80 (45-100) 48 (31-66)

a Tissue-to-background ratio. b Positive predictive value. c Negative predictive value.

Table 4  Cut-off values SUVmaxa

SUVmax value Number of 
individuals with 
positive test

Sensitivity
(%, 95 CI)

Specificity
(%, 95 CI)

PPVb

(%, 95 CI)
NPVc

(%, 95 CI)

4 18 90 (77-100) 38 (14-61) 64 (7-82) 75 (45-100)

6 13 65 (44-85) 69 (46-92) 72 (52-93) 61 (39-84)

8 8 40 (19-62) 88 (71-100) 80 (55-100) 54 (34-73)

10 5 25 (6-44) 94 (82-100) 83 (54-100) 50 (32-68)

a Maximum standardised uptake value. b Positive predictive value. c Negative predictive value.
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CTA characteristics
Based on CTA analysis all of the 37 patients (100%) were judged positive for AGI. In 21 of these 
patients AGI was eventually proven by positive cultures, yielding a PPV of 57%. The sensitivity, 
specificity, PPV and NPV of the various CT parameters are shown in table 7.
 

Table 6  Qualitative FDG-PET values 

Sensitivity 
(%, 95 CI)

Specificity 
(%, 95 CI)

PPVa 
(%, 95 CI)

NPVb 
(%, 95 CI)

Focal / Diffuse 90 (78-100) 25 (4-46) 61 (44-78) 67 (29-100)

VGSc 86 (71-100) 63 (39-86) 75 (58-92) 77 (54-100)

a Positive predicative value. b Negative predictive value. c Visual grading scale.
Grade 0, FDG uptake similar to that in the background
Grade I, low FDG uptake, comparable with that by inactive muscles and fat
Grade II, moderate FDG uptake, clearly visible and higher than the uptake by inactive muscles and fat
Grade III, strong FDG uptake, but distinctly less than the physiologic urinary uptake by the bladder
Grade IV, strong FDG uptake, comparable with the physiologic urinary uptake by the bladder
Grade 0, I and II are considered low probability for AGI
Grade III and IV are considered high probability for AGI

Table 7  Diagnostic value of several CT-scan outcomes for detecting aorta graft infection 

Number of 
individuals 
with positive 
test

Sensitivity 
(%, 95 CI)

Specificity 
(%, 95 CI)

Positive 
predictive 
value 
(%, 95 CI)

Negative 
predictive 
value 
(%, 95 CI)

Aorto-enteric fistula 7 35 (14-56) 60 (35-85) 54 (27-81) 41 (20-62)

Pseudo aneurysm 4 21 (3-39) 64 (39-89) 44 (12-77) 38 (18-57)

Intergraft thrombus 9 45 (23-67) 53 (28-79) 56 (32-81) 42 (20-64)

Hydronephrosis 3 15 (0-31) 53 (28-79) 30 (32-81) 32 (20-64)

Perigraftic fluid 7 35 (14-56) 73 (51-96) 64 (35-92) 46 (26-66)

Perigraft air 6 30 (10-50) 73 (51-96) 60 (30-90) 44 (25-64)

Perigraft soft tissue 20 100 7 (0-19) 59 (42-75) 100 

Focal bowel wall 
thickening 4 20 (3-38) 67 (43-91) 44 (12-77) 38 (20-57)

Discontinuity of the 
aneurysmal wrap 2 10 (0-23) 100 100 46 (29-62)
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DISCUSSION 

This study is among the first studies to report on the use of (semi) quantitative (SUVmax 
and TBR) and qualitative (distribution patterns and visual grading scale) parameters in the 
diagnostic work-up of patients suspected for AGI. The ability of all of these four parameters to 
yield a definite proof of AGI is modest. 
The typical patient with AGI is a fragile patient with various co-morbidities. A reliable imaging 
tool is essential for the diagnosis of AGI. A false negative test result may refrain the patient 
from proper antibiotic and/or surgical treatment and may negatively affect the prognosis. A 
false positive test result may result in unneeded extensive surgical procedures. 16

Reports on the use of 18F-FDG PET in AGI are limited. These reports seem to indicate that 
18F-FDG PET scanning has a better diagnostic accuracy than CTA for the detection of AGI 
and may very well prove to be the new gold standard for minimal invasive AGI diagnosis.6-10 
However, most evidence comes from case series rather than cohort studies. Focal uptake 
intensity compared to a diffuse or linear 18F-FDG distribution along the graft has been studied 
earlier and was associated with a vascular graft infection with a PPV of 91% and a NPV of 95%.7 
In this study, we could not confirm these high predictive values. The main difference between 
both studies is that we included only patients in whom AGI was proven through cultures, 
while Spacek et al. also included clinically proven AGI, increasing the prevalence of AGI and 
with that potentially the PPV. The intensity of 18F-FDG uptake is most commonly assessed 
using a 1-5 point grading scale, either analogous to visual grading scale of Deauville, originally 
developed for the interpretation of 18F-FDG PET scans made for lymphomas12 or to the 0-4 
point scale of Stumpe et al., used for the detection of orthopaedic infections.17 As both scales 
only address the uptake intensity, they are unable to firmly differentiate between infection and 
inflammation. PPV and NPV of an 18F-FDG PET scan using only increased uptake as marker for 
graft infection have been reported to be 56% and 93%, respectively.7 In our study the prior 
probability for the presence of AGI was 57%. Adding VGS information resulted in a PPV up to 
75% Therefore, VGS may be of use in the assessment of presence of AGI in patients suspected 
of AGI. However, confirmation in larger studies is needed. 
SUVmax measurements are known to be influenced by many different factors of technical and 
biological nature and are difficult to compare across hospitals.18 Only one small case series 
(n=8) reports on the use of SUVmax in the diagnosis of AGI. A cut-off value of greater than 8 
showed a sensitivity of 100% and specificity of 80% whether an aortic graft was infected or 
not.13 TBR seems to be more reproducible then SUV.19 We found TBR to be fairly accurate in 
diagnosing AGI with an AUC of 0.70, yet, a clinician uses cut-off values rather than AUC. The 
use of cut-off values, however, leads to a debate regarding over diagnosis and under diagnosis 
and its consequences. In AGI we assume a high PPV is preferable to a NPV, therefore needing a 
relatively high value of SUVmax or TBR. CTA scan is still considered to be the gold standard for 
diagnosing AGI.4,7,20 The amount of false-negative CTA results, however, is considerably high, 
especially in the presence of low-grade infections. Overall specificity has been reported up to 
100% and an overall sensitivity of 56%.19 In our study, we were unable to confirm these results. 
The specificity of the various CT parameters ranged between 7 and 100%, the sensitivity 
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ranged between 10 and 100%, PPV ranged between 30 and 100% and NPV ranged between 
32 and 100% (Table 7). 
Some aspects of the study need to be addressed.  Ideally in a diagnostic study, all patients are 
enrolled who are suspected of the studied disease and undergo all the diagnostic tests that 
are being investigated, together with a ‘gold’ standard to assess the final diagnosis. Clearly, 
that is difficult in studies for AGI. Not all diagnostic tests are uniformly performed, and the 
‘gold’ standard cannot be obtained in all patients for several reasons. It is therefore inevitable 
that diagnostic studies in AGI may yield biased results (under- or overestimating the accuracy). 
The extent to which bias has occurred in our study is difficult to estimate. Furthermore, the 
difference in positive and negative cultures might be due to the use of antibiotic in patients 
suspected for AGI. Antibiotic therapy was started in 89% of the patients. Suppressive antibiotic 
therapy may have yielded false negative cultures. 
In the present study we have restricted ourselves to only those patients with all information 
available. However, this does not reflect current clinical practice since AGI may also be based 
on clinical symptoms and imaging only, irrespective of the culturing results. Therefore, 
our diagnostic test results may be an overestimation of what is found in real clinical life. 
Furthermore, this has resulted in the loss of several patients during the process of which 
information was lacking. Whether this is selective loss (i.e., different among those with and 
without AGI and different among those with clear imaging results and those without) is 
unknown to us. This study should also be conducted prospectively to prevent this kind of 
limitations. Our study reflects the difficulties with performing diagnostic studies in patients 
with a rare but severe disease in whom the assessment of a diagnosis is difficult to establish. 
As such, we call for well developed protocol and (inter-) national collaboration to set up future 
diagnostic studies on AGI. 

CONCLUSION

Our study, performed in a small sample of patients suspected of AGI, showed that the 
diagnostic ability of 18F-FDG parameters and visual grading scale is modest, but superior to 
CTA.
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ABSTRACT

An infection of an aortic prosthesis is a severe condition with high morbidity and mortality 
rates. Surgical treatment of an infected aortic graft or infected aortic stent graft focuses on 
treatment of the infection and maintaining or restoring perfusion of the lower limbs. Over 
the years various reconstruction options have been introduced, each claiming to be the 
most successful in securing lower limb perfusion. Consensus about the optimum treatment 
strategy is lacking. The frail patient population and the relative rarity of the disease limits 
research on this topic which is an important reason for this lack of consensus. In order to 
determine which of the various treatment options is the most suitable to treat aortic graft 
infections, this systematic review was conducted of the available literature of the last 20 years. 
The search strategy and data collection were based on the guidelines of the Meta-analysis Of 
Observational Studies in Epidemiology (MOOSE). Appropriate inclusion and exclusion criteria 
were defined. A total of 862 possibly relevant papers were identified. After applying the in- and 
exclusion, data on mortality, morbidity and complications were extracted from a total of 93 
papers. This review covers the various surgical treatment options available in the treatment 
of infected aortic (stent) grafts. Strategies concerning graft excision are discussed as are the 
advantages and disadvantages of the extra-anatomic reconstruction and its counterpart, the 
in situ reconstruction (using antibiotic-impregnated grafts, autologous vein grafts, fresh or 
cryopreserved allografts, and silver impregnated grafts). Available evidence was summarized 
and used to construct a clinical decision flowchart. All reconstruction options seem to have 
their pros and cons, and all have their use in specific situations. The treatment of infected 
aortic grafts must therefore be tailor-made.
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INTRODUCTION

An infection of an aortic prosthesis is a rare complication. The incidence of AGI has remained 
virtually unchanged during the last decades and is being estimated between 0.5% and 6% 
of all aortic operations, although real numbers are lacking.1-13 These numbers include all 
presentations of AGI, including early and late infections. Real numbers may be even higher due 
to patients lost to follow-up and lack of information about patients with low-grade infections.1 
Besides adequate antibiotic coverage, the treatment of AGIs is mainly surgical. The surgical 
treatment of an infected aortic graft is challenging and involves a major intervention in often 
critically ill patients. Surgical treatment is based on two major principles. The first focuses on 
the eradication of the infection and its sequela, which means an extensive debridement of all 
infected tissue, including (part of) the graft. The second principle focuses on maintaining or 
restoring perfusion to the lower limbs.
Traditionally, the reperfusion of the lower limb is done by an extra-anatomically placed graft 
through a noninfected field. This technique, introduced by Blaisdell in 1970,14 has been grossly 
accepted as the gold standard since then for lower limb reperfusion in the treatment of AGIs. 
Various in situ reconstructions, including arterial allografts, venous grafts, or prosthetic grafts 
coated with silver or impregnated with antibiotics, have been proposed as an alternative.6 
Many reports have been published about surgery for AGIs in which every author claims their 
reconstruction option is the most optimal to secure lower limb perfusion but no consensus 
has been reached. Currently no randomized controlled trials comparing the outcome of the 
different reconstruction techniques have been reported to help solving this discussion. We 
performed a systematic literature review to determine the most optimal surgical treatment 
of patients with AGIs. Our review offers a summary of publications of the last 20 years and 
proposes a protocol for the treatment of AGI (see Figure 1).

METHODS

The search strategy and data collection in this study are based on the guidelines of the Meta-
analysis Of Observational Studies in Epidemiology (MOOSE).15

Medline, Embase, and the Cochrane databases were searched on February 2, 2010. The 
search strings used for Medline and Embase are shown in Appendix 1. The Cochrane Library 
was searched manually by using the key words infection, graft infection, extra-anatomic bypass 
and in-situ reconstruction. Two observers (PB, SH) independently examined the article titles 
and abstracts. Disagreement between the observers was resolved by discussion. References 
of all included articles were reviewed manually to ensure all published data were included.
The inclusion criteria were:
1. infected extra-thoracic aortic graft
2. surgical treatment
3.  infected stent grafts 
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The exclusion criteria were:
1. cardiac or thoracic surgery
2. infected peripheral bypasses
3. animal studies for prosthetic material
4. non-English language
5. publication date before 1990
6. single case reports
7. review articles

Only full text articles were used. Papers were subdivided in two categories: papers on extra-
anatomic reconstructions and papers on in-situ reconstructions. Data on mortality, morbidity 
and complications were extracted from the articles. 

RESULTS

The Medline search yielded 629 articles, the Embase search yielded 696 articles, and the 
Cochrane Library search yielded 2 articles. After the duplicates were removed, 862 possibly 
relevant articles were identified. After the inclusion and exclusion criteria were applied, 
consensus was reached for 87 articles. References of all included articles were reviewed 
manually to ensure all published data were included, and this yielded six additional articles 
(Figure 1). 

LOWER LIMB REVASCULARIZATION IN AGI

Extra-anatomic bypass 
Traditionally, infected aortic grafts were treated with the excision of all infected material, 
including the graft, and restoring lower limb perfusion placing an extra-anatomic bypass 
(EAB) through a noninfected part of the body.14 Initial results were disappointing because of 
high mortality rates, mostly due to aortic stump blowout and failure of the extra-anatomic 
graft because of thrombosis and re-infection. Although these disappointing results led to the 
development of in situ reconstruction as an alternative surgical treatment for AGI, EAB is still 
supported by numerous authors.8,10,11,16-19

In the years after its introduction, results have improved due to a number of reasons. 
First, specialized vascular surgery training contributed significantly to the improvement of 
complicated vascular surgical care, especially in complicated cases such as an aortic graft 
infection. Second, intensive care medicine and anesthesiologic care have also been improved 
and led to a reduction of overall mortality of AGI. Finally, refinements in graft material and 
surgical strategy certainly contributed to the improved results.10,20,21
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Publications about the use of EAB are heterogenic in the sense of which kind of extra-anatomic 
reconstruction was used (axillounifemoral, axillobifemoral, axillopopliteal). Series were too 
small to subdivide EAB by unifemoral or bifemoral reconstructions. A total of 14 reports on 
EAB were analyzed, including 455 patients. 

Mortality rates
After its introduction in the 1970s, EAB was associated with mortality rates of 40% to 
50%.8,17,18,21,22 In subsequent years, mortality rates, especially 30-day rates, have improved, as 
reported in Table 1. When the available data were combined, the 30-day all-cause mortality was 
18% (68 of 385 reported patients), and late all-cause mortality was 32% (88 of 276 reported 
patients).7,8,10,11,16-25

Figure 1  Data collection
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Staged or simultaneous reconstruction
EAB can be performed in a staged procedure some time before or after graft excision or 
immediately after graft excision (simultaneous). Delaying EAB after graft excision warrants 
close clinical monitoring. Only seldom (and mostly in cases in which the initial graft serves as 
a bypass) the collateral circulation of the leg is sufficient enough to delay revascularization 
after aortic graft excision. Reports about this treatment strategy are very few.17,26-28 One of the 
reports covering this subject is by Turnipseed et al23 in 1983. They treated 20 patients with AGIs 
in which revascularization was delayed in 13. Those patients showed lower mortality rates and 
amputation rates than the seven patients treated with simultaneous reconstruction. Trout et 
al,28 however, showed a 71% mortality in patients who underwent delayed revascularization 
compared with 26% in those with immediate reconstruction. There is no clear explanation for 
these discrepant results.
EAB performed a couple of days before graft excision offers some advantages. It reduces 
operative stress, limits the hemodynamic consequences of ligating the aorta, decreases lower 
limb ischemic time, ensures adequate lower limb perfusion, and might reduce the chance of 
reinfection of the extra-anatomic graft.17,27,29 Some authors, however, believe that EAB performed 
before graft excision is more likely to induce preoperative bacterial contamination.17,19,29

Most reports on EAB focus on rates of mortality, patency, reinfection, and amputation 
as outcome measures. In most series, timing of excision and revascularization is at the 
surgeons’ preferences, and the data analysis does not make a distinction between staged and 

Table 1  Mortality rates for extra-anatomic bypass (EAB)

Author Publication 
year

Patients (n) Follow-up 
(mean, 
months)

30-day  
mortality 
(%)

Late  
mortality 
(%)

Total  
mortality 
(%)

Yeager19 1990 38 NS NS NS 26

Ricotta10 1991 32 34 NS 25 NS

Olah8 1992 12 20 0 42 NS

Bacourt16 1992 98 36 24 18 43

Lehnert18 1993 21 24 10 43 52

Sharp20 1994 22 NS 5 NS NS

Kuestner22 1995 33 53 27 NS NS

Jausseran17 1997 20 NS 20 30 NS

Yeager21 1999 60 (58 EAB) 41 14 NS NS

Seeger11 2000 36 32 11 44 NS

Ohta23 2001 9 47 11 22 NS

Hart24 2005 15 14 33 7 NS

Oderich7 2006 43 41 12 44 NS

Brown25 2009 18 14 22 44 NS

NS: not stated
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simultaneous EAB. One of the limited reports covering the timing of EAB is by Reilly et al.26 They 
investigated the influence of staging graft excision and revascularization on the outcome of 
AGI. They analyzed 64 patients and reported a mortality rate of 26% in the patients undergoing 
a simultaneous procedure vs 13% in the staged group. Long-term amputation rates were 
reduced with a staged procedure from 46% to 11%, which was confirmed by O’Hara et al.30 
Lehnert et al18 treated 21 patients with AGI and used a single-stage procedure for the first 
6 patients. Because all single-stage procedures were complicated by bleeding or septicemia 
requiring immediate surgical reintervention, they converted to a staged procedure after the 
initial six patients.
Although most authors advocate a staged procedure,8,11,16-18,26-30 this is obviously only possible 
in those patients who are hemodynamically stable. In the setting of acute hemorrhage or 
septic shock, one might not be able to delay excision or reconstruction.

Patency
Patency has always been the Achilles’ heel of extra-anatomic bypasses. Early studies indeed 
showed disappointing patency rates (3-year primary patency of 43%)11,29 Early extra-anatomic 
grafts were floppy, nonsupported grafts, and with the introduction of externally supported 
grafts, patency rates seriously improved11,16,17,21 (Table 2). Bacourt and Koskas17 found a 
9% occlusion rate for externally supported grafts compared with 22% for nonexternally 
supported grafts at a median follow-up of 36 months. The type of material (Dacron vs 
polytetrafluoroethylene [PTFE]) has been shown not to influence patency rates.16,17

Patients with an aortic prosthesis usually have concomitant infrainguinal occlusive disease. 
EAB grafts tend to have a lower patency when placed in patients with occlusive arterial disease, 
with 5-year primary patency rates of 71% vs 73% and secondary patency rates of 79% vs 92% 
reported for EAB grafts implanted for ischemic aortic disease and aneurysmal disease.11,21 
Patency rates tend to decline with a more distally placed anastomosis. Axillopopliteal bypasses 
are associated with the lowest patency rates, with primary patency rates in peripheral arterial 
disease of 64% to 77% at 1 year and 43% at 3 years. Secondary patency rates are 73% to 77% 

Table 2  Patency rates for extra-anatomic bypass (EAB)

Author Publication 
year

Patients 
(n)

Prim. 
patency 
1 year 
(%)

Prim.
patency 
3 years 
(%)

Prim. 
patency 
5 years 
(%)

Sec. 
patency 
1 year 
(%)

Sec. 
patency 
3 years 
(%)

Sec.
patency 
5 years 
(%) 

Bacourt16 1992 98 NS NS 55 NS NS NS

Lehnert18 1993 21 60 52 40 NS NS NS

Sharp20 1994 22 NS 80 NS NS NS 87

Yeager21 1999 60 (58 
EAB)

90 78 73 NS NS NS

Seeger11 2000 36 86 80 64 100 100 100

NS: not stated
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at 1 year and 50% at 3 years.31,32 Very limited data are available concerning axillopopliteal 
bypasses in AGI. Seeger et al11 reported a primary patency of 0% at 7 months, secondary 
patency 53% at 17 months, and 27% at 50 months in five axillopopliteal bypasses constructed 
in AGI. There is no consensus in the literature about the use of oral anticoagulation and its 
influence on patency rates.

Complications
Amputation
Amputation rates are influenced by patency and concomitant peripheral ischemic disease. 
Most publications use amputation rates as a marker for morbidity. Published amputation 
rates are reported in Table 3.

Stump blowout
Aortic stump disruption by mechanical or infectious causes has always been a dreaded 
complication associated with EAB. Adequate closure of the aortic stump after graft excision 
is essential but can pose quite a challenge because of the inflamed tissue and fragile aortic 
wall. Various techniques have been proposed to ensure stump integrity. These include double 
sutures using a single-ply reinforcement with venous or felt pledgets, double-plane sutures, 
reinforcement with the prevertebral fascia, and also interposition of a protective fringe of 
epiploon.7,16-19,22 To further reinforce the aortic stump, the use of an omental wrap, if available 
and technically possible, is recommended.7,16-19,22 There is no evidence on the real positive or 
negative influence of omentum on the incidence of stump disruption.

Table 3  Amputation rates for extra-anatomic bypass (EAB)

Author Publication 
year

Patients 
(n)

Follow-up 
(mean, months)

Amputation rate 
(%)

Yeager19 1990 38 NS 21

Ricotta10 1991 32 34 13

Olah8 1992 12 20 0

Lehnert18 1993 21 24 24

Sharp20 1994 22 NS 0

Kuestner22 1995 33 53 6

Yeager21 1999 60 (58 EAB) 41 10

Seeger11 2000 36 32 11

Hart24 2005 15 14 7

Oderich7 2006 43 41 9

Brown25 2009 18 14 6

NS: not stated



83

SURGICAL TREATMENT OF INFECTED AORTIC GRAFTS

The total removal of infected tissue is essential in avoiding a stump blowout, and no adjunct 
will withhold stump disruption in the case of incomplete removal.16,17 Sometimes removal of 
all infected tissue and creating a noninflamed stump of aorta can only be achieved in the 
suprarenal plane. In this case, a hepatorenal or splenorenal bypass is essential to ensure 
adequate renal perfusion.
Early publications reported stump rupture in up to 50% of patients, but this is now relatively 
uncommon21,33 (Table 4). Reilly33 reports a reduction in stump blowout during a 30-year 
period from 17% to 1.5%. Seventy-five percent of the ruptures occur in cases of secondary 
aortoduodenal fistula.16,17,26 Mortality of a stump rupture is generally high (≥75%).16

Reinfection
Even though an EAB is created outside the location of infection (eg, the abdomen), reinfection 
may occur. Bacteremia, septic embolism, groin infections, prolonged operating times, or 
sterility breaches (especially in emergency situations) have all been postulated as possible 
causes for reinfection.10,16,17,33 The risk of infection of an aortic graft increases with the more 
distal placement of the anastomosis. Infection rates of iliac anastomoses are four times less 
than the infection rates of femoral anastomoses.18 This might be another explanation for the 
occurrence of reinfection in an EAB graft. Finally, in a series of 98 patients, Dacron EAB grafts 
tended to carry a higher reinfection risk than PTFE EAB grafts (15% vs 3%).16,17 Reinfection rates 
are shown in Table 5. 

Table 4   Stump-blowout in extra-anatomic bypass (EAB)

Author Publication year Patients (n) Follow-up 
(mean, months)

Stump disruption 
(%)

Ricotta10 1991 32 34 0

Olah8 1992 12 20 8

Bacourt16 1992 98 36 8

Lehnert18 1993 21 24 0

Sharp20 1994 22 NS 0

Kuestner22 1995 33 53 12

Jausseran17 1997 20 NS 30

Yeager21 1999 60 (58 EAB) 41 2

Seeger11 2000 36 32 3

Hart24 2005 15 14 7

Oderich7 2006 43 41 9

Brown25 2009 18 14 0

NS: not stated
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In-situ reconstruction
The low patency rates and high amputation rates associated with EAB, has prompted the 
exploration of various in situ reconstruction options of the aorta as an alternative. An important 
benefit of in situ reconstruction is that it avoids dealing with the aortic stump and the blowout risk. 
However, in situ reconstruction entails placing a new conduit in a contaminated or infected 
bed, with potentially a higher risk of infection. Various conduits have been explored through 
the years namely: antibiotic-impregnated grafts, venous allografts, fresh or cryopreserved 
arterial allografts, and silver-impregnated grafts. Mortality, morbidity and complication rates 
from 35 articles on in-situ reconstructions, including 1566 patients, have been collected. 

Antibiotic-impregnated grafts
Antibiotic-impregnated grafts are based on the idea to apply the antibiotic where it is most 
needed: the aortic infection. Rifampicin is the most commonly used antibiotic. It is a broad-
spectrum antibiotic mainly active against Gram-positive and Gram-negative bacteria and in 
particular Staphylococcus aureus. A major advantage of the rifampicin-impregnated graft (RIG) 
is that it is easy to obtain and therefore readily available in emergency situations. Table 6 offers 
an overview of publications reporting mortality and morbidity of RIGs.
The largest series of patients treated with RIG is from the Mayo Clinics.7 Of 52 patients treated 
with in situ reconstructions, 43 received a RIG. Unfortunately, the authors’ calculated their 
rates for mortality (8%), reinfection (11.5%), and amputation (0%) for only the 43 patients 
treated with RIGs, not the total of 52 patients. In the most pessimistic case, the actual figures 
are 9%, 14%, and 0%, respectively.

Table 5  Reinfection rates for extra-anatomic bypass (EAB)

Author Publication year Patients 
(n)

Follow-up 
(mean, months)

Reinfection rate 
(%)

Ricotta10 1991 32 34 6

Olah8 1992 12 20 8

Bacourt16 1992 98 36 7

Lehnert18 1993 21 24 6

Sharp20 1994 22 NS 5

Jausseran17 1997 20 NS 15

Yeager21 1999 60 (58 EAB) 41 10

Seeger11 2000 36 32 3

Hart24 2005 15 14 13

Oderich7 2006 43 41 9

Brown25 2009 18 14 0

NS: not stated
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Important experimental work on RIGs has been done by Bandyk et al.34-37 From animal studies 
with RIG, they concluded that RIG is useful, especially in patients with low-virulent AGI biofilm 
infection or primary graft infections with gram-positive bacteria (S. aureus and S. epidermidis). 
Another study by that group included 27 patients.36 One patient died (4%) and one reinfection 
occurred (4%) with methicillin-resistant S. aureus (MRSA). Groin infection developed in two more 
patients (7%), which might be a sign of recurrent infection. Cultures identified a rifampicin-
resistant S. epidermidis strain. They concluded that the RIG is a safe and durable solution for 
low-grade staphylococcal infections. However, its efficacy depends on the microorganisms 
causing the AGI. 
Because it is readily available, RIG is not only being used for low-virulent infections, but its 
indications have extended to patients with enteric contamination and perigraft purulence.7 
Results for the latter indications are dramatically worse than those presented in Table 6. 
Reported reinfection rates are up to five times higher in these patients.4,5,7,38-40

Autologous vein graft
Using autologous vein grafts (AVGs) to reconstruct the aortoiliac system dates back to 
1979.41,42 Vein reconstructions were originally used for the more challenging aortoiliac cases, 
but nowadays, indications have switched to the treatment of AGIs.
The first reports used the great saphenous vein (GSV) as a conduit.43,44 Clagett et al43 treated 
20 patients with GSV and femoral veins. Of the 10 patients in whom the GSV was used, total 
occlusion occurred in 30% within 1 year because of intimal hyperplasia confirmed by biopsy 
specimen. Another 40% showed a focal stenosis, which warranted reoperation in all but one 
patient. Of the patients in whom the GSV was used, the GSV only remained patent with a 
diameter of ≥8 mm. In contrast, all deep veins remained patent and showed no stenosis.  
As a result, the use of the GSV is only recommended if it has a diameter of ≥8 mm.13,43,45,46  
The superficial femoral vein has become the conduit of choice because it is more readily 
available, has a caliber that better matches the size of the aorta, and is durable. More 
important, AVG is reported to have a high resistance to infections.13,25,42,43,45,47-49 

Table 6  Antibiotic-impregnated graft studies in aortic graft infections

Author Publication 
year

Patients 
(n)

Follow-up 
(mean, 
months)

30 day 
mortality 
(%)

Late 
Mortality 
(%)

Reinfection
 (%)

Amputation 
(%)

Naylor4 1995 5 12 0 0 0 0

Torsello40 1997 11 33 18 18 9 0

Hayes38 1999 11 NS 18 36 18 0

Young39 1999 25 36 8 24 4 0

Bandyk36 2001 27 17 7 0 7 0

Oderich7 2006 52 41 8 NS 11.5 0

NS: not stated
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An obvious contraindication for the use of deep veins is previous deep vein thrombosis. 
Recently there has been a report from Heikens et al. in which the GSV is reconstructed into a 
larger caliber spiral vein graft.50 This is a promising option and further studies are awaited to 
specify its use. Table 7 presents an overview of the published mortality and morbidity rates of 
AVG in AGI. 

AVG patency
Primary 5-year patency rates are reported as 82% to 83%13,45 and secondary 5-year patency is 
from 94% to 100%.13,45 Ali et al47 reported excellent patency rates in their large series of 187 
patients without the use of aggressive antithrombotic therapy (only aspirin).

Harvesting the vein 
When the vein is harvested, it is essential to preserve some kind of flow from the lower limb to 
the caval vein. All studies agree that the profunda femoris vein and (if available) GSV must be 
preserved to avoid postoperative venous hypertension. The junction of the profunda femoris 
vein and the superficial femoral vein defines the most proximal part of the venous excision. 
To obtain adequate length, it may be necessary to obtain bilateral veins.25,42,44 Analogous to 
a femoropopliteal venous bypass, one can use a reversed vein or destroy the valves using a 
valve cutter.

Table 7  Autologous vein graft studies in aortic graft infections
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Clagett46 1993 20 23 5 10 NS NS 15 5 0 15 2

Nevelsteen42 1997 14 16 14 33 “Common” NS 7 7 0 21 7

Brown49 1999 5 16 0 20 100 0 0 0 0 0 0

Gibbons51 2000 11 NS 9 0 27 NS 0 0 0 0 0

Valentine13 2001 31 NS NS 10 NS NS NS NS 0 NS NS

Cardozo48 2002 12 22 17 8 0 NS 0 0 0 0 17

Daenens44 2003 49 41 8 29 NS 0 0 2 0 4 2

Beck45 2008 240 NS NS NS NS NS NS NS NS 4 NS

Ali47 2009 187 32 10 NS NS 0 <15 NS 5 NS 7

NS: not stated



87

SURGICAL TREATMENT OF INFECTED AORTIC GRAFTS

Operating times
A major disadvantage of the AVG is its total operation time, which ranges from 7.9 to 9.3 
hours.13,47 In a non urgent setting, operating times can be significantly reduced, as shown by 
Brown et al.25 They used a two-team approach and subsequently reduced the operating times 
to an average of 6.5 hours (range, 5.3-8.1 hours). Two surgical teams, however, may not be 
available or feasible in emergency settings. In comparison: Yeager et al. report mean operating 
times of 6 hours for graft excision and extra-anatomic reconstruction.21

Complications
AVG is associated with some specific complications (Table 7). First, harvesting the vein is 
associated with postoperative leg swelling. Although most authors mention this in their 
reports, specific data are seldom given. Mild swelling is usually reported.51 Schantzer et al52 
demonstrated the lack of chronic venous insufficiency other than an asymptomatic difference 
in calf diameter when using the deep veins as arterial substitutes. Masuda et al53 showed no 
correlation between obstruction of the superficial femoral vein and clinical symptoms and that 
obstruction is well tolerated if the profunda femoris vein and GSV are intact. Ali et al,47 however, 
reported a 25% fasciotomy rate owing to acute venous hypertension. Most fasciotomies were 
prophylactic, however, and its incidence declined during the last years of the study to 12%.
Degradation of the graft has not yet been reported, although only short-term follow-up data 
are available (up to 23 months of follow-up). Limb loss is uncommon when an AVG is used, and 
reinfection rates are extremely low. Disruptions of the AVG have been reported in veins that 
were exposed to virulent gram-negative infections.46,47 The bacterial protease exoproducts 
are able to disrupt vessel walls, especially thin-walled veins, and reinfection reports with 
Pseudomonas and MRSA has been reported.44 These results were not confirmed by Clagett 
et al46 (3 gram-negative infections, of which 2 were with Pseudomonas: no reinfections), 
Nevelsteen et al42 (2 pseudomonas infections: no reinfections), or Daenens et al44 (2 infections 
with pseudomonas and 2 with MRSA: no reinfections).

Fresh allografts
Allografts have been used in vascular surgery from as early as 1912.54 They were abandoned 
in the 1960s because of disappointing patency rates (5-year patency, 56%-77%; 10-year 
patency, 36%-38%)55 and because of long-term aneurysmal or occlusive degeneration and the 
difficulties in procurement.9,54

One often-mentioned advantage of allografts is their relative resistance to infection, and this 
has led to a revival of their use, mainly in AGI.54 Experimental and clinical data suggest that 
arterial allografts are more resistant to bacterial contamination than prosthetic grafts.3,54,56,57 
Koskas et al57 treated six dogs with fresh allografts and six with expanded PTFE grafts. After 
inducing S aureus bacteremia, none of the fresh allografts became infected compared with 
four prosthetic grafts (67%).57 Another advantage of allografts for in situ reconstructions in AGI 
is the suitable sizing.9

Allografts can be fresh or cryopreserved. Fresh allografts are harvested from deceased 
donors as part of a multiorgan transplant retrieval program and are liquid stored at 4°C.  
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This preservation method allows storage of arterial allografts for up to 1 month.55,58 
Disadvantages of fresh allografts are the lack of adequate tissue typing, the inability to 
screen for possible viruses if implanted in emergency situations, and of course, potential 
unavailability. Fresh allografts have also been associated with fatal graft ruptures, immune-
mediated disintegration, aneurysmal degeneration, and (largely occlusive) complication rates 
up to 25%,9,25,54,56,59 and have therefore largely been abandoned in favor of cryopreserved 
arterial allografts. Table 8 offers an overview of mortality and morbidity rates associated with 
fresh allograft reconstructions.

Cryopreserved allografts
Cryopreserved allografts (CAs) were first introduced by thoracic surgeons for aortic valve 
reconstructions in acute infectious endocarditis and in the treatment of infected ascending 
aortic grafts. Cryopreserved grafts proved superior to fresh arterial allografts and these 
promising results have led to the exploration of its use in AGI by various research groups.
When the results of CA for the reconstruction of infected infrarenal aortic grafts in different 
series are analyzed, it seems that most series are very heterogenic. They not only include 
aortic grafts but also a variable amount of peripheral or EAB grafts, thoracic grafts, and 
mycotic aneurysms. Furthermore, the amount of debridement and excision of the graft (total 
or partial) is far from standardized. The potential biases of these heterogeneities (a rupture 
of a peripheral anastomosis is most of the time less life-threatening than the rupture of an 
aortic anastomosis) make it difficult to compare these results with the earlier mentioned 
reconstruction strategies (Table 9 and 10).

Table 8  Fresh allograft (FA) studies in aortic graft infections
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Kieffer58 1993 43 14 12 9 2 NS 2 2 0

Koskas54 1996 83 NS 14 15 23 6 5 NS 2

Ruotolo59 1997 100 NS 24 13 20 NS 2 1 3

Kieffer56 2004 179 (111 FA) 46 20 26 2 3 3 0.7 NS

NS: not stated
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Procurement and preservation
Allografts are procured as part of a multiorgan donation procedure and include segments of the 
descending aorta, aortic bifurcation, and the iliac, femoral, and popliteal arteries.55,60-62 Donor 
serum samples are screened for infectious and viral markers. Cryopreservation protocols 
differ among centers, and the optimal cryopreservation method is still being discussed.  
The fresh arterial allografts are liquid stored at 4°C, and after some time, they are placed in a 
liquid nitrogen freezing chamber at –140°C or less. After this, they are stored in the vaporous 
phase of liquid nitrogen (–180°C) until use.55 This process is designed to maintain the basic 
structure of collagen and elastic fibers, ensuring that the mechanical properties of CA are the 
same as those of the native aorta.60

When a graft is issued for use, it is defrosted by being submerged in a +38° to 42°C water bath 
and is successively rinsed with saline and sometimes antibiotics.55 Preferably, blood and tissue 
are matched with the recipient. Preoperative inspection by the surgeon for suitability of the 
donor vessels is recommended.
Compared to fresh allografts, cryopreservation techniques have eliminated the risk of a host 
immune response or donor-to-recipient infection,25 viral contamination risks,59,63 and have 
reduced the antigenicity of the graft, with the potential of less rejection of the graft55,63

Patency
Primary patency rates of 81% to 100% and secondary patency rates of 96% to 97% at 3 
years are reported.63,64 Tables 9 and 10 show the published results for CA in AGI and other 
indications.

Table 9  Cryopreserved allograft studies in aortic graft infections
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Desgranges55 1998 18 20 22 14 6 11 6 6 6

Vogt60 1998 34 25 6 9 3 0 0 NS NS

Vogt61 1999 18 22 6 13 0 6 0 0 NS

Vogt62 2002 49 27 6 25 4 0 1 0 NS

Noel65 2002 56 5 13 14 9 NS 9 0 5
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Brown25 2009 18 25 11 19 0 0 0 6 0

NS: not stated
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Complications
Noel et al65 showed in their series of56 patients treated with CAs for AGIs that 23% of all 
postoperative complications were attributable to the allograft itself. Rupture of the allograft 
is a specific complication associated with the use of allografts and is reported in up to 14% in 
CAs (Tables 9 and 10). There have been reports in which the freezing and subsequent thawing 
of the grafts causes cracking, which might be responsible for some of the ruptures.56,66-68 Other 
possible causes include infection (reinfection or ongoing infection), mechanical problems (eg, 
anastomotic tension), and rejection or degeneration of the medial layer of the allograft.56,65 
Care must be taken to select the adequate length of the graft because the ability of CAs to 
tolerate tensile strength is far below that of prosthetic grafts.62 Some authors recommend 
the application of gentamicin-bonded fibrin glue and allograft strip reinforcement to ensure a 
tension-free anastomosis to prevent anastomotic disruption.25,62,65

Late aneurysmal deterioration, another specific complication of allografts, is believed to be caused 
by chronic rejection of the graft56,63,69 and is reported in up to 13% of CAs (Tables 9 and 10). 
Aneurysmal deterioration is attributed to the structural differences between the elastic aorta and 
the more muscular external iliac and femoral arteries and is more frequently encountered in the 
aortic part of the graft. Occlusive degeneration occurs mostly in the iliofemoral part of the graft. 
This might be caused by differences in the composition of the medial layer of the arterial wall. 
The media in the iliac vessels is mostly composed of smooth muscle cells. Their highly antigenic 
proportions give rise to chronic rejection and subsequent degeneration.56,67 Low-dose immune 
therapy has been studied as a treatment option but has clear limitations in the setting of infection 
treatment.56

Table 10  Cryopreserved allograft (CA) studies for aortic graft infections and other indications

Au
th

or

Pu
bl

ic
at

io
n 

ye
ar

Pa
ti

en
ts

 (n
)

Fo
llo

w
-u

p 
(m

ea
n,

 m
on

th
s)

30
-d

ay
 m

or
ta

lit
y 

(%
)

La
te

 M
or

ta
lit

y 
(%

)

O
cc

lu
si

ve
 d

eg
en

er
at

io
n 

(%
)

An
eu

ry
sm

al
 d

eg
en

er
at

io
n 

(%
)

G
ra

ft
 r

up
tu

re
 (%

)

Re
in

fe
ct

io
n 

(%
)

Am
pu

ta
ti

on
 (%

)

Nevelsteen67 1998 30 (25 AGI) 25 27 10 17 13 3 7 7

Chiesa66 1998 44 (35 AGI) 15 14 11 18 NS 14 NS 7

Verhelst73 2000 90 (66 AGI) 36 17 18 11 8 4 NS 1

Lesèche63 2001 28 (23 AGI) 35 18 18 4 11 NS 0 0

Lavigne68 2003 22 (18 AGI) NS 14 11 NS NS 19 5 5 (fem-pop)

Kieffer56 2004 179 (68 CA) 46 20 26 2 3 3 0.7 NS

Kitamura71 2005 17 (8 CA) 17 38 13 NS 0 NS 0 NS

NS: not stated
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Advantages and disadvantages of CA
Cryopreservation allows the preservation of live tissues for a longer period. Grafts are 
stored in tissue banks and are more readily available than fresh allografts. Depending on 
local regulations and preservation and storage methods, CA may be available in emergency 
situations.
Many publications claim that the CA is resistant to (re)infection.3,25,25,54,60-63,66,70-73 The frequently 
cited experimental study by Knosalla et al3 indeed showed CAs were more resistant to 
infection than prosthetic grafts in 18 dogs. After excision of a gelatin-sealed knitted polyester 
graft contaminated in vitro by S epidermidis, in situ reconstructions in 6 dogs were with a a 
gelatin-sealed graft and were with a CA in 12 dogs (of which 6 were an antibiotic-treated CA). 
Nine of 12 CAs (including all antibiotic treated CAs) remained sterile after 1 month compared 
with 0 prosthetic grafts.
Another experimental study, showed that collagen-impregnated Dacron grafts were at least 
equivalent to CAs in resisting infection in 16 pigs with infected thoracic grafts.72 When analyzing 
the various in vivo study results, one can conclude that although reinfection rates appear to be 
low, the resistance to infection is certainly not total (Tables 9 and 10). The increased resistance 
for bacterial infection is related to the physicochemical properties of the allograft wall that 
allows transfer of antibiotics and immunocompetent cells through the allograft wall and into 
the perigraft space.64 Furthermore, one can speculate if storage in an antibiotic solution or 
impregnation of the CA with neomycin fibrin glue64 improves antimicrobial activity.
As in all transplantations, a potential problem is the antigenicity of the graft. Cryopreservation 
reduces graft antigenicity and allows transplantation without the use of immunosuppressive 
medications, which are obviously contraindicated in a critically ill patient fighting an aortic 
graft infection. Antigenicity cannot be completely eliminated, thus warranting ABO and human 
leukocyte antigen compatibility testing.66 The addition of dimethyl sulfoxide as cryoprotectant 
in the preservation fluid has been shown to reduce the antigenicity.55,60

Although the implantation of CA’s is reported to be straightforward, no study has reported 
actual operating times. Furthermore, Noel et al65 had to use extensions to lengthen the graft 
in more than half of the cases, adding to operating time.

Silver-coated grafts
Silver is widely used as an antimicrobial agent on medical devices such as catheters and 
heart valves, and it seems logical to explore its use in the treatment of infected grafts. Animal 
studies demonstrated safety and lack of toxicity1,74 but failed to show that silver-coated 
grafts prevented reinfection.75 An experimental study found that RIGs are more resistant to 
bacteremia than silver-coated grafts, but this has not yet been supported by clinical studies.76 
However, silver has an advantage because it does not contribute to antibiotic resistance. To 
date, only one author (Batt) and his team has reported the use of silver-coated polyester grafts 
for in situ revascularization after total excision of an infected aortic graft in two publications.1,74  
The first was a 2-year multicenter, prospective, nonrandomized trial that included 27 patients 
with a mean follow-up of 17 months. The second was a single-center study with 24 patients 
and a mean follow-up of 33 months. Both studies used a knitted or woven graft coated with 
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type 1 bovine collagen and silver acetate. The silver acetate inhibits colonization of the graft 
and surrounding tissues by microorganisms. The perioperative mortality in the two studies was 
15% and 21%, respectively, late mortality was 0% and 26%, the amputation rate was 0% and 
4%, and the reinfection rate was 4% and 17%. No graft occlusions were reported. The authors 
show promising results that will need to be confirmed by other and preferably larger studies.

COMPLETE OR PARTIAL GRAFT EXCISION

Most studies agree that total excision of the graft is essential to control and treat the graft 
infection.4,7,8,10,11,13,16-20,30,33,38,39,42-44,47,58,67,77,78 Limited graft excision is deemed an insufficient 
treatment. Nevertheless, many study populations contain some patients in whom total 
excision has not been achieved for unclear reasons. Graft preservation, whether complete or 
partial, is scarcely reported and is mostly limited to case reports. Three larger studies reported 
partial graft excision as a treatment option for a subgroup of patients with AGI in which severe 
comorbidity or a hostile abdomen precluded a total graft excision.
Hart et al24 report the treatment of 30 patients. Procedures included EAB in 15, in situ 
reconstructions in nine, partial excision and extra-anatomic reconstruction in four, and 
incision and drainage of the perigraft fluid with omental coverage of the graft in 2 patients. 
Their analysis grouped the second 15 patients and reports them as a whole, not subdividing 
by partial vs complete excision. They report 33% recurrent infection for the partial excised 
grafts treated with in situ reconstruction.24 Calligaro and Veith2 reported nine patients in whom 
complete or partial graft preservation was attempted, and five presented with a groin infection. 
Mortality was 22%, with an 11% amputation rate. Becquemin et al79 reported dramatic results 
in 20 patients treated by partial graft excision. With a follow-up of 3.4 years, they documented 
a perioperative mortality of 20%, total mortality of 50%, reoperation rate of 35%, amputation 
rate of 45%, and a persisting infection rate of 35%.
These results must be interpreted carefully, because in cases where partial excision seems 
an option, this might indicate a limited infection, which may have biased results toward a 
more favorable outcome, not that this is a better (or worse) technique than, for example, 
an extra-anatomic reconstruction. Partial or complete graft preservation is associated with 
serious mortality and morbidity rates and is certainly not the best option for treating AGI. In 
those patients unable to withstand a prolonged operation or with a hostile abdomen, one can 
consider graft preservation, taking into account these morbidity and mortality rates.

AORTIC STENT GRAFT INFECTIONS

Endovascular aneurysm repair (EVAR) is an established treatment option for aortic and iliac 
aneurysms. Most reports about complications of EVAR focus on endoleak, migration and 
kinking and to a much lesser extend on endograft infections. Chalmers reported the first case 
of a patient with an infected iliac stent in 1993.80 Since then a number of cases concerning 
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stent or stent graft infections have been reported, mostly by single case-reports. The true 
incidence of aortic stent graft infections (ASGI) is unkown. Up till now there are 4 retrospective 
case-series which report incidences between 0.26% and 1.18%.81-85 Specific predisposing 
factors for ASGI have not been established. Unevacuated aneurysm thrombus, hematogenous 
seeding, endoleak, performance of procedures in an interventional radiology suite, multiple 
endovascular procedures, the length of the stentgraft and a immunocomprised state have all 
been named as possible explanations for ASGI.83-86 It is generally believed that neointimal lining 
of the stent-graft protects against infection.82,83,86

Since most data on ASGI is anecdotal, there is no consensus about the therapeutic strategies 
in ASGI. Most authors agree that the treatment mirrors that of the treatment of AGI and 
comprises excision of the stent graft and revascularization of the lower limbs either by an extra-
anatomic reconstruction or in-situ repair (see appropriate sections) combined with adequate 
antibiotic coverage.81-83,85-87 Excision of the stent graft depends on the device specifications 
and vascular anatomy. Devices with a suprarenal fixation necessitate a suprarenal and often 
supraceliac aortic clamp, whereas an infrarenally fixated device may sometimes be removed 
with an infrarenal clamp. Another point of concernt is wheter the device contains barbs. Some 
grafts with barb fixation can be removed by gently sqeezing the upper stent and pushing the 
stentgraft cranially but it may sometimes be necessary to cut the struts, leaving the bare metal 
stent in place while removing the covered part of the stent.87 
As in AGI there are reports about a more conservative approach, leaving the stent graft in 
situ. This approach focuses on antibiotics and abscess drainage. Reported mortality rates are 
uniformly high (36-46%).81,83,86-88 which justifies conservative treatment in only the most fragile 
patient population.

DISCUSSION

Research in the field of AGI is hampered in several ways. First, there are no randomized 
controlled trials concerning surgery for AGI due to the low incidence of AGI and because many 
patients with AGI are critically ill and often present with a life-threatening situation. Many 
publications are therefore retrospective analyses or involve case reports or cohort studies, or 
both, usually with a limited numbers of patients. 
Second, most series include patients who have been treated in the course of many years. 
Because medical treatment continues to evolve, patients treated early in the same series may 
have received quite different medical care than patients treated later in the same series. 
Third, because most data are retrospectively collected and relatively sparse, most series have 
no uniform treatment protocol, neither medically nor surgically, and include different kinds 
of aortic inflammation, among them mycotic aneurysms, AGIs, thoracic graft infections, and 
aortoduodenal fistulas. The small patient numbers, varying treatment indications, lack of 
treatment standardization, limited follow-up, and sometimes various treatments bundled in 
one group allow for all kinds of bias and make honest comparison of the different patient 
groups difficult, if not impossible. Deviant results may be caused by patient selection.  
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For instance, an AGI combined with an aortoduodenal fistula has a far worse prognosis than 
an AGI without an aortoduodenal fistula. Inclusion or exclusion of this group in a case series 
has a direct influence on the reported outcome rates.
Through the years, EAB is still considered the gold standard. Main drawbacks are not 
the often-mentioned stump blowout but the moderate patency rates and relatively high 
amputation rates. To overcome this, various in situ reconstruction options have been studied. 
All in situ options perform better in rates for mortality, amputation, reinfection, and patency, 
but all have different drawbacks. Table 11 shows which of the various reconstruction options 
perform best with regard to the outcome results. RIGs may have the highest reinfection 
rates of the in situ options (up to 18%), but RIGs make up in amputation rate (none reported) 
and mortality rates. A major advantage is that RIGs are readily available, offering a versatile 
reconstruction option. Concern is being expressed about the role of MRSA. Experimental 
findings show an insufficient coverage of rifampicin against MRSA and Escherichia coli.1,74 
MRSA is becoming more widespread, and growing infection rates limit the use of RIG 
seriously. Also the growing appearance of rifampicin-resistant stains of S epidermidis might 
become a problem in the future.1 
The AVG is associated with the lowest reinfection rates (up to 5%) and the best patency 
rates but is troubled by lengthy operating times. Furthermore, the necessity to analyze the 
patient’s venous system preoperatively makes it seldom an option in emergency situations. 
Reported results are promising, but most series (especially the larger ones) have a diverse 
study population, including not only patients with AGI but also those with varying amounts 
of reconstructions in noninfected areas. The spiral vein reconstruction of the GSV using a 
vein stripper as proposed by Heikens et al.50 might increase the applicability of vein grafts in 
emergency situations.
The CA has low reinfection rates (up to 6%) but is associated with a high(er) complication rate, 
especially in the long-term. It is therefore often seen as a bridge to definitive surgery. Silver-
coated grafts show promising results, but there is too little evidence to draw any conclusions yet.
The main decision point is whether or not you are confronted with a patient in an emergency 
situation. An emergency situation calls for a readily available reconstruction option that 
is not all to time consuming to perform. This limits the available options to EAB or RIG.  

Table 11  Major outcomes of the most used surgical reconstruction options for aortic graft infections

Autologous Vein 
Graft

Cryopreserved  
Allograft

Rifampicin 
Impregnated Graft

Extra-anatomic 
Bypass

Early mortality 2 3 1 4

Late mortality 1 2 3 4

Amputation rates 3 2 1 4

Reinfection rates 1 2 3 4

Patency rates 1 2 ? 4

1 shows the best option, 4 the worst
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When suspecting high virulent micro-organisms for example in an aortic-enteral fistula 
we propose EAB. In other cases RIG is a suitable alternative. In a semi-elective situation 
operating times and availability are a less important issue. When suspecting high virulent 
micro-organisms AVG and in a lesser extent CA are probably better options than RIG, if 
available. Based on our findings, we propose a clinical decision flowchart, which is presented 
in Figure 2. One can debate the accuracy of the flowchart, but considering the limitations 
posed by the available publications, we believe it may be a helpful tool.

Figure 2  Flowchart reconstruction options for AGI
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CONCLUSION

Every treatment option for AGI has its pros and cons. EAB grafts and in situ reconstructions 
are not competing strategies but rather different options for different situations. Selecting 
the right treatment option for a critically ill patient with AGI must be tailor-made. The patient’s 
clinical condition and the availability of conduits must all be taken into account when selecting 
the most prudent surgical option. Comparative studies are needed to further specify which 
patients benefit the most from an EAB graft or an in situ reconstruction. Because most 
publications, especially those concerning RIG, group patients regardless of the responsible 
microorganisms, we believe further research must also focus on specific treatment options 
for the different pathogens.
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APPENDIX

Search string

The following search string was used for Medline
((aorta[TIAB] AND graft[TIAB]) OR (aorta[TIAB] AND grafts[TIAB]) OR (aorta[TIAB] 
AND prosthesis[TIAB]) OR (aorta[TIAB] AND prosthetic[TIAB]) OR (aorta[TIAB] AND 
reconstruction[TIAB]) OR (aorta[TIAB] AND bypass[TIAB]) OR (aortic[TIAB] AND graft[TIAB]) 
OR (aortic[TIAB] AND grafts[TIAB]) OR (aortic[TIAB] AND prosthesis[TIAB]) OR (aortic[TIAB] 
AND prosthetic[TIAB]) OR (aortic[TIAB] AND reconstruction[TIAB]) OR (aortic[TIAB] AND 
bypass[TIAB])OR “Central reconstruction”[TIAB]) AND ((Infection [TI]) OR (Infected [TI]) OR 
(sepsis [TI]) OR (inflammation [TI]) OR (septicaemia [TI]) OR (bacteraemia [TI])) NOT valve [TI]. 

The abbreviation [TIAB] is used to search keywords in only the title or the abstract. This yielded 
a total of 629 articles. 

For EMBASE the same search string was used but the abbreviation [TIAB] was changed 
to“:ti,ab”. 
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CHAPTER 7
Aortic graft infections.  

Is there still a role for axillobifemoral reconstruction?
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ABSTRACT 

An infection of an aortic prosthesis is a severe condition with high morbidity and mortality 
rates. Surgical treatment of an infected aortic graft focuses on treatment of the infection and 
maintaining or restoring perfusion of the lower limbs. Traditionally this is done by removing 
the graft, extensive debridement and constructing an extra-anatomic bypass (EAB), mostly 
an axillo-bifemoral bypass (AXBF). The disappointing early results of these extra-anatomic 
reconstructions have prompted various surgeons to develop new surgical treatment options 
to secure lower limb perfusion. With the upcoming role of the in-situ reconstructions, the 
role of AXBF is being scrutinized. Patients with an infected aortic graft are often critically ill 
and the interplay of patient fitness and seriousness of the disease must lead to a tailor-made 
treatment strategy. Most in-situ reconstructions have surpassed AXBF in almost every aspect. 
Based upon our extensive literature research we might conclude that after having held the 
position of gold standard for years, AXBF is now part of a wide array of treatment options with 
limited indications. 
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INTRODUCTION

The surgical treatment of an infected aortic graft is challenging and involves a major 
intervention in often critically ill patients. Besides adequate antibiotic coverage, the 
treatment of aortic graft infections (AGI) is mainly surgical. Surgical treatment is based on 
two major principles. The first focuses on the eradication of the infection and its sequela, 
which means an extensive debridement of all infected tissue, including (part of) the graft. 
The second principle focuses on maintaining or restoring perfusion to the lower limbs. 
Traditionally, the reperfusion of the lower limb is done by placing an extra-anatomical 
bypass (EAB) through a non-infected part of the body. In AGI this comprises an axillo- (bi)
femoral bypass (AXBF). This technique was first introduced by Louw in 1963 1 and has been 
grossly accepted as the “gold standard” reconstruction in AGI for years.2-8 Initial results 
of EAB were disappointing because of high mortality rates, mostly due to aortic stump 
blowout and failure of the extra-anatomic graft because of thrombosis and re-infection. 
This has lead to the development of various alternatives in the treatment of AGI, redefining 
the role of EAB in the treatment of AGI.

TECHNIQUE

The axillo-femoral bypass was first introduced in 1963. Louw1 created an axillo-unifemoral 
bypass using the saphenous vein for a case of aorto-iliac occlusive disease.4 months later 
Blaisdell9 reported a similar reconstruction using a Dacron graft. Nowadays EAB is mostly used 
in occlusive disease in which abdominal interventions are not deemed possible and indications 
have gradually shifted to AGI.
EAB’s in AGI are either axillo-unifemoral (AXUF), axillo-bifemoral (AXBF) or axillo-popliteal (AXP) 
bypass grafts. Normally they originated from the first (proximal) portion of the axillary artery. 
We routinely transect the minor pectoral muscle to avoid kinking of the anastomosis. More 
distally the axillary artery is more mobile and moves in conjugation with elevation of the arm. 
Creating a proximal anastomosis in this region repetitively stretches the graft, increasing 
porosity and the risk for kinking. Graft material is either 8 mm Dacron or PTFE and external 
reinforcement is strongly recommended to improve patency (see below).
The configuration of the anastomosis of the femoral cross-over limb can be a “lazy S” or 
an “inverted C”. The “lazy S” configuration, in which the cross-over graft originates from the 
main limb at a 30 or 60 degrees angle, has some hemodynamic advantages. There is less 
turbulence at the bifurcation and the inflow of the cross-over has an antegrade flow pattern. 
Despite all this and quite surprisingly, the lazy-S configuration has been shown to have a flow 
reduction of about 50% in the distal part of the axillo-femoral limb with subsequent negative 
impact on the patency. 10,11 The “inverted C” configuration does not show this negative flow 
reduction and has become the standard procedure for AXBE grafts or femoral-femoral 
cross-over grafts.10,11
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MORTALITY

After its introduction in the 1960s, EAB was associated with mortality rates of 40% to 50% 
(used mainly for occlusive disease).3-5,12 Mortality rates for EAB in AGI are generally worse 
than those associated with aorto-iliac disease, reflecting the fragility of the patients with AGI.  
Over the years mortality rates (but not uniquely for EAB) have improved due to a number of 
reasons. First, specialized vascular surgery training contributed significantly to the improvement 
of complicated vascular surgical care, for example aortic graft infections. Second, intensive 
care medicine and anesthesiologic care have also been improved and led to a reduction of 
overall mortality of AGI. Finally, refinements in graft material and surgical strategy certainly 
contributed to the improved results. Mortality rates of EAB in AGI patients for the last 20 years 
are shown in Table 1. Despite a trend towards declining over the years, it still remains high, 
especially when you compare this with the late morality rates of in-situ reconstructions (up to 
24% for rifampicin coated grafts, up to 25% for cryopreserved arterial allografts and up to 29% 
for autogenous vein grafts 13-16). 

PATENCY

Patency has always been the Achilles’ heel of extra-anatomic bypasses. Early studies indeed 
showed disappointing patency rates (3-year primary patency of 43%) limiting EAB to patients 
with an absolute contra-indication for abdominal surgery.7,17 Over the years patency rates have 
improved considerably questioning this to be a major issue in extra-anatomic reconstructions 
in AGI (Table 2). A number of issues are of influence on the patency of EAB grafts. 

Table 1  Mortality rates for extra-anatomic bypass

Author Publication 
year

Patients 
(n)

Follow-up 
(mean, 
months)

30-day 
mortality 
(%)

Late 
mortality 
(%)

Total 
mortality 
(%)

Yeager 1990 38 NS NS NS 26

Ricotta 1991 32 34 NS 25 NS

Olah 1992 12 20 0 42 NS

Bacourt 1992 98 36 24 18 43

Lehnert 1993 21 24 10 43 52

Sharp 1994 22 NS 5 NS NS

Kuestner 1995 33 53 27 NS NS

Jausseran 1997 20 NS 20 30 NS

Yeager 1999 60 (58 EAB) 41 14 NS NS

Ohta 2000 9 47 11 22 NS

Seeger 2000 36 32 11 44 NS

NS: not stated
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The original unilateral grafts of Louw and Blaisdell were modified by Sauvage in 196618 to an 
axillo-bifemoral graft in which only one donor artery supplied both legs. The theory behind this 
modification was that a bifemoral construction would improve patency because of a better run-
off and indeed ABF grafts have been shown to have a patency than AXUF or AXP grafts. 11,19,20 
This is the main reason bilateral AXUF grafts have been abandoned in favor of the AXBF graft. 
The type of graft material (Dacron vs. polytetrafluoroethylene (PTFE)) has never been shown 
to be of influence on patency rates and the choice between Dacron or PTFE is mostly a matter 
of personal preference.2,3 External reinforcement on the other hand, whether on a Dacron or 
PTFE graft, is essential for a good patency. The first extra-anatomic grafts were floppy and non-
supported and these grafts showed a tendency to kink at the hip region. This was postulated 
to be one of the reasons for the bad patency and with the introduction of externally supported 
grafts patency rates seriously improved (Table 2).2,3,7,12 To illustrate this: Bacourt found a 9% 
occlusion rate for externally supported grafts compared with 22% for non externally supported 
grafts at a median follow-up of 36 months.2 
Normal inflow is of course essential for graft survival. Significant occlusive disease of the inflow 
tract must be ruled out (simply done by measuring bloodpressures on both the right and left 
arm) before using the axillary artery as a donor site. Patients with an aortic prosthesis usually 
have concomitant infrainguinal occlusive disease. EAB grafts tend to have a lower patency 
when placed in patients with occlusive arterial disease, with 5-year primary patency rates of 
71% vs. 73% and secondary patency rates of 79% vs. 92% reported for EAB grafts implanted 
for ischemic aortic disease versus aneurysmatic disease.7,12 
The axillo-popliteal bypass is used to bypass the often compromised groin in AGI. Patency 
rates are known to decline with a more distally placed anastomosis (and a subsequently longer 
bypass). AXP bypasses are associated with worse patency rates than axillo-(bi)femoral grafts. 
AXP grafts in peripheral arterial disease have a 64% to 77% primary patency rate at 1 year and 
43% at 3 years. Reported secondary patency rates are 73% to 77% at 1 year and 50% at 3 
years.21,22 Very limited data is available concerning AXP in AGI. Seeger et al. reported a primary 
patency of 0% at 7 months, secondary patency 53% at 17 months, and 27% at 50 months in a 
series of five AXP constructed in AGI.7 There is no consensus in the literature about the use of 
oral anticoagulation and its influence on patency rates.

Table 2  Patency rates for extra-anatomic bypass

Author Publication 
year

Patients 
(n)

Prim. 
patency 
1 year 
(%)

Prim. 
patency 
3 years 
(%)

Prim. 
patency 
5 years 
(%)

Sec. 
patency 
1 years 
(%)

Sec. 
patency 
3 years 
(%)

Sec. 
patency 
5 years 
(%)

Bacourt 1992 98 NS NS 55 NS NS NS

Lehnert 1993 21 60 52 40 NS NS NS

Sharp 1994 22 NS 80 NS NS NS 87

Yeager 1999 60 (58 EAB) 90 78 73 NS NS NS

Seeger 2000 36 86 80 64 100 100 100

NS: not stated
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STAGED OR SIMULTANEOUS RECONSTRUCTION

EAB is performed either immediately after graft excision (sequential procedure) or some 
time before (staged procedure) or after graft excision (delayed procedure). Both have clear 
advantages and disadvantages and no clear consensus has been reached which procedure 
offers the best results. 
Sequential graft excision and EAB increases operating times, ischemic period and metabolic 
stress for the patient who is more often than not already in a katabolic state. This is generally 
not recommended in severely ill patients. To illustrate this: Lehnert et al4 treated 21 patients 
with AGI and used a single-stage procedure for the first 6 patients. Because all single-stage 
procedures were complicated by bleeding or septicemia requiring immediate surgical 
reintervention, they converted to a staged procedure after the initial six patients.
The possibility to stage the procedures is one of the major advantages of EAB compared to the 
in-situ reconstructions. EAB performed a couple of days before graft excision has some clear 
advantages. It reduces operative stress, limits the hemodynamic consequences of ligating the 
aorta, decreases lower limb ischemic time and ensures adequate lower limb perfusion. Factors 
which may be of essence in treating the often critically ill patients with AGI. Constructing an 
EAB before removing the infectious source however, might increase the risk of bacterial 
contamination of the graft. There is no evidence if this is of theoretical or practical concern.3,8,17,23 
Another theoretical concern associated with staging is competitive flow between the EAB and 
original aortic graft. Despite the fact that this has never been shown to be a real concern it 
might be best to limit the staging procedure to a couple of days. 3,8,17,23 The staged procedure 
is generally seen as the procedure of choice,2-5,7,17,23-26 but it is obviously only possible in those 
patients who are haemodynamically stable. In the setting of acute hemorrhage or septic shock, 
one might not be able to delay excision or reconstruction.
Most reports on EAB focus on rates of mortality, patency, reinfection, and amputation as outcome 
measures. In most series, timing of excision and revascularization is at the surgeons’ preferences, 
and the data analysis does not make a distinction between staged and simultaneous EAB. One of 
the limited reports covering the timing of EAB is by Reilly et al.24 They investigated the influence 
of staging graft excision and revascularization on the outcome of AGI. They analyzed 64 patients 
and reported a mortality rate of 26% in the patients undergoing a sequential procedure vs. 13% 
in the staged group. Long-term amputation rates were reduced with a staged procedure from 
46% to 11%, which was confirmed by O’Hara et al.25 The 1984 study by Trout et al. showed a 
mortality rate of 26% for the staged procedure in which EAB was performed before graft excision 
compared with a 71% mortality if graft excision preceded EAB.26

Delaying EAB after graft excision to see if a patient really needs revascularization, warrants 
close clinical monitoring. It is only seldom (and almost exclusively in cases in which the 
initial graft served as a bypass) that the collateral circulation of the leg is sufficient enough 
to delay revascularization after aortic graft excision. And it is even more seldom that a 
patient doesn’t need revascularization, except in occluded grafts. Reports about delaying 
EAB are very limited.3,23,24,26 One of the reports covering this subject is by Turnipseed et al23 
from 1983. They treated 20 patients with AGIs in which revascularization was delayed in 13. 
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Those patients showed lower mortality rates and amputation rates than the seven patients 
treated with simultaneous reconstruction. Trout et al,26 however, showed a 71% mortality 
in patients who underwent delayed revascularization compared with 26% in those with 
immediate reconstruction. There is no clear explanation for these discrepant results. It is also 
our experience that delaying revascularization, even though it seems possible during graft 
excision, will almost always lead to an semi-urgent reconstruction. Often with a patient in a 
worse clinical condition than during the initial operation. As you cannot predict whether a 
patient will be able to withstand a delayed revascularization procedure, this wait and see policy 
has been mostly abandoned.

STUMP BLOWOUT

Aortic stump disruption by mechanical or infectious causes has always been a dreaded 
complication associated with EAB. Mortality associated with stump blow-out is high (≥75%)2 
which is one of the main reasons EAB in AGI has lost field to the in-situ reconstructions. Early 
publications indeed reported stump rupture in up to 50% of the patients12,27 but over the years 
these numbers have decreased dramatically (Table 3). Reilly27 reports a reduction in stump 
blowout during a 30-year period from 17% to 1.5%. Of note: 75% of the stump ruptures occur 
in the presence of a secondary aorto-enteric fistula.2,3,24 
Adequate closure of the aortic stump after graft excision is essential but can pose quite a 
challenge because of the inflamed tissue and fragile aortic wall. Various techniques have 
been proposed to ensure stump integrity. These include double sutures using a single-ply 
reinforcement with venous or felt pledgets, double-plane sutures, reinforcement with the 
prevertebral fascia, vascular stapler devices and also interposition of a protective fringe of 
epiploon.2-4,8,28,29 To further reinforce the aortic stump, the use of an omental wrap, if available 

Table 3  Stump-blowout in extra-anatomic bypass

Author Publication year Patients (n) Follow-up 
(mean, months)

Stump disruption 
(%)

Ricotta 1991 32 34 0

Olah 1992 12 20 8

Bacourt 1992 98 36 8

Lehnert 1993 21 24 0

Sharp 1994 22 NS 0

Kuestner 1995 33 53 12

Jausseran 1997 20 NS 30

Yeager 1999 60 (58 EAB) 41 2

Seeger 2000 36 32 3

NS: not stated
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and technically possible, is recommended.2-4,8,28,29 The total removal of infected tissue is 
essential in avoiding a stump blowout, and no adjunct will withhold stump disruption in the 
case of incomplete removal.2,3 

GRAFT REINFECTION

Even though EAB in AGI is created outside the location of infection (e.g., the abdomen), 
infection of the graft still occurs. Patients with AGI are critically ill and have a reduced immune 
system. Combine this with the bacteriemia associated with a vascular graft infection and 
you have an increased risk of bacterial seeding to the newly constructed vascular graft.  

Table 4  Reinfection rates for extra-anatomic bypass

Author Publication year Patients (n) Follow-up  
(mean, months)

Reinfection rate 
(%)

Ricotta 1991 32 34 6

Olah 1992 12 20 8

Bacourt 1992 98 36 7

Lehnert 1993 21 24 6

Sharp 1994 22 NS 5

Jausseran 1997 20 NS 15

Yeager 1999 60 (58 EAB) 41 10

Seeger 2000 36 32 3

NS: not stated

Table 5  Amputation rates for extra-anatomic bypass

Author Publication year Patients (n) Follow-up  
(mean, months)

Amputation rate 
(%)

Yeager 1990 38 NS 21

Ricotta 1991 32 34 13

Olah 1992 12 20 0

Lehnert 1993 21 24 24

Sharp 1994 22 NS 0

Kuestner 1995 33 53 6

Yeager 1999 60 (58 EAB) 41 10

Seeger 2000 36 32 11

NS: not stated
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The reduced immunogenic state in combination with septic embolism, groin infections, 
prolonged operating times, or sterility breaches (especially in emergency situations) have all 
been postulated as possible causes for infection of the extra anatomic graft.2,3,6,27 
The risk of infection of an aortic graft is known to increase with the more distal placement of 
the anastomosis. Infection rates of grafts with an iliac anastomosis are four times less than 
the infection rates of grafts with a femoral anastomosis.4 This might be another explanation 
for the occurrence of “reinfection” in an AXUF or AXBF graft. Finally graft material seems to be 
of influence on the occurrence of infection. Dacron EAB grafts tend to carry a higher infection 
risk than PTFE EAB grafts (15% vs. 3% in a series of 98 patients).2,3 “Reinfection” rates are shown 
in Table 4 and are reported up to 15%. Antibiotics are essential to treat AGI and support the 
surgical procedure. Since there is no consensus for antibiotic treatment in AGI, lots of different 
antibiotic protocols exist, making an “honest” comparison of the different case-series difficult. 
The usage of antibiotics is probably of major influence on the occurrence of reinfection but 
despite all this the 15% reinfection rate seems rather high. Autogenous vein grafts (whether 
deep vein reconstructions or spiral vein saphenous vein reconstructions) are associated with 
the lowest reinfection rates with almost all studies reporting a 0% rate. Cryopreserved allografts 
are also associated with low reinfection rates up to 6%. Rifampicin coated grafts have a 4-18% 
reinfection rate, dependent on the virulence of the responsible microorganism.13,15,30-33  

INDICATIONS

Sometimes removal of all infected tissue and creating a non-inflamed stump of aorta can 
be difficult for example in juxta- / suprarenal graft infections. Creating a safe stump can 
only be achieved somewhere in the suprarenal plane making a reconstruction of the renal 
arteries essential. More importantly this introduces a new graft close to a contaminated field, 
something you were planning to avoid by using an EAB. 
AXBF can be used to treat infected aortic tube grafts or aorto-iliac grafts. Groin involvement 
however, make extra-anatomic reconstructions more challenging. Prosthetic EAB with an 
anastomosis in the infected groin is seldom useful. The first option is to use a composite 
of venous material. When venous material is unavailable another option is a bypass placed 
lateral around the femoral triangle with a distal anastomosis on the deep femoral artery. The 
final option is an AXP in which the bypass is placed lateral to the anterior superior iliac spine, 
behind the major trochanter and anastomosed laterally to the proximal popliteal artery. 
Virulence of the causing microorganisms is an important issue in treating AGI. Because graft 
infections are rather rare, most reported case-series make only little difference between 
patients with high virulent and low virulent microorganisms. In patients with highly virulent 
microorganisms or with large perigraft abscesses the idea of in-situ reconstruction becomes 
less appealing. Even though advocates of venous and cryopreserved allografts claim these are 
safe options for these indications, we still tend to use EAB in these situations. 
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THE ROLE OF AXBF IN AORTIC GRAFT INFECTIONS

EAB has long been considered the gold standard for revascularization in AGI. This is mostly 
because it was the first available option to treat AGI. Main drawbacks are not the often-
mentioned stump blowout but the moderate mortality, variable patency rates and relatively 
high amputation rates. Amputation rates are reported up to 24% and are not only influenced 
by patency of the graft but also by the primary disease and concomitant peripheral ischemic 
disease (Table 5). Cryopreserved allografts have amputation rates of up to 7%, autogenous 
venous grafts up to 17% and there have not been any amputations reported with rifampicin 
coated grafts.29,34,35 The latest report on EAB dates from 2000.7 On the other hand most in-situ 
reconstructions date from the last decade making it hard to honestly compare its results. 
Nevertheless with available evidence, mortality and morbidity in EAB is higher than the for 
in-situ options. 
Most reports on AGI focus on reconstruction options for every AGI rather than different 
options for different situations. A graft infection caused by a sterility breach is very different 
from a graft infection caused by an aorto-enteric fistula in the sense of virulence of the 
responsible micro-organism. In-situ reconstruction options have been explored because of 
the initial disappointing results of EAB. But does this mean EAB is obsolete in the treatment of 
AGI? As in-situ has been developed, evolution has also taken place in EAB, increasing patency 

Table 6  (Dis) advantages of treatment options for AGI

In-situ reconstructions EAB

Outcome 
parameters

Autogenous 
vein graft

Cryopreserved 
allograft

Rifampicin 
coated graft

AXBF AXP

Early mortality +/- + ++ - -

Late mortality +/- + ++ - -

Reinfection ++ + +/- +/- +/-

Amputation +/- + ++ +/- +/-

Patency + + ? - - -

Infected groin ++ + +/- - - +

Septic shock - - - - + ++ ++

Stump rupture ++ ++ ++ - - - -

Graft 
degeneration

- - - ++ ++ ++

Off the shelve - - - - ++ ++ ++

Older patients - - + ++ ++

Staging - - - - - - ++ ++

Operating times - - +/- ++ + +

Table showing which of the treatments is the best option with regard to different outcome parameters.  
++ shows the best option, -- the worst.
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and lowering morbidity and mortality. In his meta-analysis, O’Connor calculated the combined 
mean event rates for amputations, graft failure, reinfection, early mortality and late mortality. 
The event rates were 0.16 for EAB, 0.07 for rifampicin coated prostheses, 0.09 for cryopreserved 
allografts, and 0.10 for autogenous vein grafts, pointing EAB as the procedure with the highest 
combined event rates. This data is grossly been confirmed by our own systematic review, with 
data from the last 20 years.
Although most in-situ reconstruction options seem to have surpassed AXBF in almost every 
aspect, there are still some clear advantages for EAB. EAB is readily available, offering a versatile, 
off-the-shelve-option in most cases of AGI, including emergency situations. The possibility to 
stage procedures and the relatively quick revascularization procedure can be of great value 
in fragile or older patients, patients in whom patency may be of less importance. It may not 
be the best option in terms of reinfection rates but it shows consistent results and the idea 
of bypassing the infected abdomen is appealing. Table 6 summarizes the different pro’s and 
con’s of EAB. Nevertheless, instead of the gold standard, a position being held for many years, 
AXBF is nowadays part of a wide array of treatment options with limited indications.
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ABSTRACT

Objectives
This study assessed the outcome of vacuum-assisted closure (VAC) as primary therapy for 
exposed prosthetic vascular grafts in the groin (Szylagi III).

Methods
The study included all consecutive patients with Szylagi III groin infections and exposed 
prosthetic graft material from 2009 to 2011. After initial wound debridement, VAC was applied 
using a two-layer combination, consisting of polyvinyl-alcohol and polyurethane sponges. 
Continuous negative pressure was set on a maximum of 50 mm Hg. All patients received 
complementary antibiotic therapy. The primary end point was defined as complete wound 
closure. Secondary end points comprised bleeding complications, amputation, and death. 

Results
The study evaluated 15 patients with 17 Szylagi III groin infections. Mean total length of VAC 
therapy was 43 days (range, 14-76 days). Mean time until complete healing was 51 days (range, 
24-82). Median length of VAC therapy in the hospital was 17 days (range, 5-61 days). Eleven 
patients received continued VAC treatment at home for a mean length of 22 days (range, 
5-69 days). In three patients, a transposition of the sartorius muscle was used to decrease 
the depth of the wound. In one patient complementary acetic acid was used to eradicate a 
pseudomonas infection. Complete healing was achieved in 14 groins (82%). In three patients 
VAC therapy was stopped due to persisting infection, persisting necrosis, and a pseudomonas 
infection. With one additional rectus femoris transposition and one acetic acid treatment in two 
more patients the primary endpoint was reached. No bleeding complications, amputations, or 
late reinfections occurred. Median follow-up was 380 days (range, 56-939 days). Despite VAC 
failure, all 17 grafts were preserved.

Conclusions
VAC therapy on an exposed prosthetic vascular graft in the groin is safe and feasible when 
applying a combination of polyvinyl alcohol and polyurethane foam dressing and 50 mm Hg of 
continuous negative pressure, resulting in midterm graft preservation.
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INTRODUCTION

A wound infection in the groin is a common complication after vascular bypass surgery. Risk 
factors for groin infection include diabetes, obesity, immune-compromised status, and redo 
surgery. Groin infections limited to the skin or subcutis usually are treated by debridement, 
with or without adjunctive antibiotics. Deep groin infections pose a different problem, 
especially when the prosthetic material used for arterial reconstruction is exposed. In these 
situations, most local treatment options tend to fail, and removal of the graft with alternative 
restoration of limb perfusion may be the only option to achieve wound healing without major 
tissue loss in the lower extremity. Most patients with graft infections, however, have significant 
comorbidities and will not be able to withstand this type of major reconstructive surgery. 
Associated morbidity and amputation rates are high1-4 and have prompted the search for 
alternative techniques to preserve the graft and thereby limit the operative trauma. Most of 
these include (extensive) debridement and muscle flap coverage, combined with high-dose 
and often lifelong use of antibiotics. Muscle flap coverage, however, is no guarantee for 
successful wound healing and has reported failure rates up to 35%.5,6 
A completely different approach uses the application of the Vacuum Assisted Closure (VAC) 
system (KCI Medical, San Antonio, Tex), with or without additional muscle flap correction. This 
treatment strategy has been studied in groin wound closure but mostly without underlying 
prosthetic bypass material involvement. To our knowledge, only four case studies have 
described the use of VAC as the primary treatment for groin wound closure after previous 
arterial prosthetic reconstructive surgery.7-10 The present report describes our preliminary 
experience using a double-sponge VAC technique in groin infections with exposed prosthetic 
grafts, along with short-term clinical follow-up results. The double-sponge technique has never 
been reported before for the treatment of exposed and infected bypass grafts

MATERIAL AND METHODS

All consecutive patients presenting with a deep groin infection and exposed vascular graft in 
our institution between 2009 and 2011 were included. Groin infections were graded according 
to depth of involvement (Szilagyi classification),11 defined as grade I, infection limited to the 
dermis; grade II, infection limited to the subcutaneous space without graft involvement; and 
grade III, infection with vascular graft involvement. All patients with a Szilagyi III groin infection 
were included. All wounds were open groin defects of at least two centimeters width, combined 
with a fully exposed vascular graft. The study excluded patients with a groin infection without 
graft involvement (Szilagyi I and II), with venous grafts, or with noninfected seroma or hematoma. 
Baseline blood cultures were obtained along with indicators of standard infection and renal 
function. In all patients initial antibiotic therapy was started using amoxycilline-clavulanate as 
primary broad-spectrum antibiotic according to hospital protocol. As soon as cultures were 
known the antibiotics were adjusted if necessary. Patient demographics were scored according 
to the Society for Vascular Surgery guidelines.12 Initial intervention, time to VAC placement, 
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total hospital length of stay, total VAC treatment time, time to complete healing, and total 
follow-up time were recorded. The primary end point was defined as complete wound closure. 
Secondary end points comprised bleeding complications, amputation, and death. 

Surgical procedure
All included patients were primarily treated with a VAC system under general anesthesia. 
Extensive debridement was performed, and all infectious and necrotic tissue was removed. 
Cultures were taken from any available pus and swabcultures were taken from the graft itself 
and from the surrounding tissue (Table 1). The vascular anastomosis was checked for integrity, 
and if so, a VAC system was applied immediately and directly on the prosthesis. In case of 
sepsis, the initial procedure was limited to abscess drainage and the wound was thoroughly 
rinsed twice a day. VAC application was done after clinical stabilization. 
In all patients, a double-sponge technique was used to apply the VAC. First, a white polyvinyl-
alcohol (PVA) foam sponge (WhiteFoam, KCI Medical Inc, San Antonio, Tex) was applied to 
cover the graft completely. This is a hydrophilic, nonadherent sponge with a pore size of 0.06 
to 0.27 mm. On top of this white sponge, black polyurethane foam sponges (GranuFoam, KCI 
Medical Inc) were used to cover the wound completely (Figure 1). GranuFoam is a hydrophobic 
sponge with an open-pore structure with a pore size of 0.4 to 0.6 mm. Additional Sartorius 
plasty was used in selected cases to cover part of the wound, thereby limiting wound size. At 
the end of the operation, the VAC pump was set on a maximum continuous topical negative 
pressure of 50 mm Hg, which was used for the duration of the treatment. The VAC procedure 
was the primary procedure for all patients, meaning no preceding or additional graft removal 
was performed. 

Table 1   Microbiology of initial cultures

Microorganism No. (%)

Methicillin-sensitive Staphylococcus aureus 6 (40

Streptococcus 4 (27

Escherichia coli 2 (13

Enterococcus 1 (7)

Coagulase-negative Staphylococcus 1 (7)

Pseudomonas aeruginosa 1 (7)

Staphylococcus spp 1 (7)

Acinetobacter 1 (7)

Candida albicans 1 (7)

Mixed flora 7 (47)

Negative culture 3 (20)
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Wound inspections and sponge changes were done preferably every 3 days on the ward. 
Large wounds and the need for complementary debridement were indications for wound 
inspection at the operating theater under general anesthesia. In every consecutive procedure, 
smaller sponges were applied to ensure reduction of the infectious cavity. All patients received 
culture-guided antibiotics for at least 6 months. Since there is no evidence in the literature 
on the length of postoperative antibiotic therapy, the duration was based upon intention to 
treat. Patients were hospitalized at least until granulation tissue started to show on the graft. 
VAC therapy was continued (if necessary at home) until complete wound closure (primary 
end point) was established. Out-patient follow-up was done once every week. Our treatment 
protocol is shown in Figure 2. 

RESULTS

Patient characteristics
A total of 15 patients (10 men) with 17 groin infections were included. Mean age was 69 years 
(range, 51-88 years). Almost half of the patients were current smokers and 7/15 (47%) were 
previous smokers. Diabetes was present in 4/15 (27%) of the patients. Most patients had 
hypertension, with 8/15 (53%) using more than one drug to control the blood pressure. Cardiac 
status was relatively mild, with only one patient at SVS class 2 and one at SVS class 3. Five 
patients had SVS pulmonary status class 2 and 3. Serum creatinine levels exceeded 2.5 mg/dL 
in three patients. Patient characteristics and medical history are summarized in Table 2 . 
The initial operative procedures in our institution were all for vascular indications, varying from 
abdominal aortic aneurysms to a traumatic external iliac lesion. Most patients underwent a 
bypass graft, and one had a femoral endarterectomy and synthetic (Dacron) patch plasty. In 11 
patients Dacron was used, in 9 patients PTFE. Details on the initial operations and indications 
are reported in Table 3. 

Figure 1  VAC therapy: double sponge technique
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Figure 2  Treatment strategy

OR, operating room; VAC, Vacuum Assisted Closure
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Table 2   Patient characteristics

Variable No. (%)

Smoking

 Current 7 (47)

 Within last 10 years 7 (47)

Diabetes

 Insulin use 1 (7)

 Noninsulin use 3 (20)

Hypertension

 Controlled with 1 drug 3 (20)

 Controlled with >1 drug 8 (53)

Cardiac status

 SVS 2 1 (7)

 SVS 3 1 (7)

Pulmonary status

 SVS 2 4 (27)

 SVS 3 1 (7)

Creatinine level, mg/dL

 2.5-5.9 2 (13)

 >5.9 1 (7)

SVS, Society for Vascular Surgery

Table 3  Indication and initial operations in our institution

Variable No. (%)

Indication for operation

 Abdominal aortic aneurysm 5 (33)

 Claudication 2 (13)

 Rest pain 3 (20)

 Tissue loss 2 (13)

 Graft infection 3 (20)

 Traumatic 1 (7)

Operation

 Aortobifemoral 5 (33)

 Iliofemoral 4 (27)

 Femoropopliteal 4 (27)

 Femorofemoral 3 (20)

 Endarterectomy and synthetic patch 1 (7)
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Microbiology
Six patients presented with frank pus in the groin wound. Cultures taken during the initial 
operation were negative in three patients (20%). All were previously treated with antibiotics 
due to a vascular graft infection. Most of the isolated microorganisms were Staphylococci spp, 
and in 47% of the patients, more than one microorganism was found in the initial culture. 
Microbiology results are reported in Table 1. 

Treatment outcome
The 17 groins were followed-up over a median of 380 days (range, 56-939 days). Mean total 
length of VAC therapy was 43 days (range, 14-76 days). In 12 groins, the VAC was changed in 
the operating theatre, with a median of two procedures (range, 2-14 times). Complete wound 
closure (primary end point) was achieved in 14 groins (82%), with a mean time until complete 
healing of 51 days (range, 24-82). Median length of VAC therapy in the hospital was 17 days 
(range, 5-61 days). Another 11 groins were further treated using VAC at home for a mean 
length of 22 days (range, 5-69 days). Figure 3 shows an example of a successful treatment. Two 
groins were completely healed during the hospital stay. In three patients, a transposition of 
the sartorius muscle was used during the initial operation to decrease the depth of the wound. 
We observed no bleeding complications, amputations, late groin reinfections, or death during 
follow-up (secondary end points). For further details see Table 4. 

Table 4  Results of Vacuum Assisted Closure

Svensson10 Dosluoglu7 Kotsis8 Pinocy9a Berger

Szylgyi III patients (n)

Duration VAC, d 21 12 6 24 17

Hospital stay, d 20 (total group) 26 21.5 (total group) 14 43

 Mean N.S. 20.5 37.4 N.S.

    Median (range) 17 (5-61)

Follow-up, mon

 Mean (SD) 16 33.4 (19.5) 16 12

 Median (range) 13 (2-31)

Success rate, % 71 83 100 100 82

Bleeding complications, % 9,5 8 0 0 0

Recurrence, % 0 8 0 0 0

Mortality, % 33 0 0 0 0

Late infections, % 14 0 0 0 0

Amputation, % 18 8 0 0 0

N.S., not stated; SD, standard deviation.
aModified Vacuum Assisted Closure system and secondary closure after 14 days
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VAC therapy failed in three groins of three different patients. The first patient was an 87-year-
old fragile woman with an infected Dacron femoro-femoral bypass. Both groins were treated 
with VAC. Initial results were promising, and granulation tissue was found in both groins. Her 
progress was monitored in the outpatient clinic. Although the left groin showed adequate 
improvement and wound healing, the right did not. After 47 days the VAC therapy was stopped. 
Because her clinical condition did not allow for any other therapy, we decided to accept this 
nonoptimal situation. With a follow-up of 446 days, the prosthesis is still exposed in the left 
groin with the right groin completely healed. She is doing relatively well in a nursing home. In 
depth analysis of the case did not yield any detrimental factors of the failed groin, that is both 
groins were comparably infected and both showed the same micro-organism in the cultures. 
We therefore have no clear explanation for this difference in healing. 
In the second patient, healing also ceased after an initial good effect. Cultures showed 
Pseudomonas, and the VAC therapy was stopped. She was treated with acetic acid, and the 
groin was healed completely after 7 weeks. 
The last patient also showed initial good effect of the VAC, but because of persisting necrosis, 
an extensive debridement was planned. A rectus femoris muscle flap was used to cover the 
wound and prosthesis. VAC was reapplied and successfully used to heal the wound. 
In two of these patients Dacron was used as prosthetic material. In one patient PTFE was used. 
No significant correlation between graft material and infection could be shown. 

Figure 3  VAC treatment success
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DISCUSSION

This is the first report on the double-sponge technique as primary treatment for wound 
infections with underlying prosthetic vascular grafts. A combination between WhiteFoam 
and GranuFoam sponges was used with a gentle continuous negative pressure of 50 mm Hg 
combined with antibiotic therapy. This treatment strategy achieved graft preservation up to a 
31-month follow-up.
Graft infections pose a challenging problem in vascular surgery. Traditionally, graft infections 
are treated by extensive debridement and removal of all infected tissue, including the graft, 
followed by some kind of revascularization. These procedures are major interventions and are 
associated with serious morbidity and mortality rates. Groin infections after vascular surgery 
have an incidence of up to 5%11,13 and pose a specific problem because reconstruction options 
are very limited. Patients with a graft infection are often critically ill, and most will not be able 
to withstand a major operation. These are the main reasons attempts have been made to 
preserve the graft in the groin. 
One of the most accepted options is muscle flap coverage. Although this procedure can be 
quite effective, with success rates of up to 75%,7,14,15 reinfection rates of up to 35% have been 
reported.5,14,16 Muscle flap coverage thus can be a time-consuming procedure that can have 
detrimental effects on the already poor overall condition of the patient. Additional sartorius 
muscle transposition was used in three patients in our series, mainly to cover part of the 
wound, thereby limiting the cavity needing to be filled with VAC sponges. 
The clinical guidelines for use of VAC, explicitly name exposed blood vessels and anastomotic 
sites a contraindication for the use of VAC.17 An important consideration in this contraindication 
is the risk for anastomotic disruption and possible fatal bleeding. KCI recommends completely 
covering the exposed vessels with a thick layer of natural tissue, multiple layers of fine-meshed 
nonadherent material, or bioengineered tissue as protective material to avoid direct contact 
of the sponges with the vessels. 
Only four reports on case series of Szylagi III with VAC as a definitive treatment have been 
published so far.7-10 The largest study, which included 24 Szylagi III patients, used a modified 
VAC system with polyvinyl alcohol sponges and a redondrain and applied a continuous vacuum 
pressure of 400 to 600 mm Hg.9 The sponges were applied adjacent (but not directly on) to 
the anastomoses for 14 days, after which all wounds were closed definitively by sutures. A 
100% success rate was reported. Svensson et al.10 used VAC in 21 Szylagi III groins with a 71% 
success rate. The third study is from Dosluoglu et al.7 who used VAC in 12 Szylagi III groins 
and reported an 83% success rate. Svensson et al. and Dosluoglu et al used a nonadhesive 
dressing (Kendall or Mepitel) to cover the graft before sponge application. The last study is 
from Kotsis et al.8 who treated 6 Szylagi III groins. They placed the VAC directly on the vessel 
wall but not in contact with an exposed or uncovered anastomotic line. All groups, except 
Pinocy et al.8 used a continuous topical negative pressure of 125 mm Hg, which was more than 
double the pressure used in our protocol. 
Svensson et al and Dosluoglu et al. have reported nonfatal anastomotic bleeding (respectively, 
2 and 1) during VAC therapy. With the risk of bleeding complications in mind, we have adopted 
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a different policy for VAC in Szylagi III groins with exposed graft material. First, we apply the VAC 
sponges directly on the anastomosis, but instead of using a nonadhesive drape, we cover the 
anastomosis with white nonadherent polyvinyl-alcohol foam (WhiteFoam) sponge with very 
small pores. The small pore structure lessens the adhesive strength of the sponge, allowing it to 
be applied on relatively delicate structures such skin transplants or vascular anastomoses. The 
direct application of VAC on the prosthesis theoretically accelerates granulation formation on 
the prosthesis (as shown in Figure 4). On top of the WhiteFoam, we use the black GranuFoam 
sponge to cover the wound completely. 
Second we use a continuous topical negative pressure of 50 mm Hg instead of 125 mm Hg. 
We believe this approach promotes periarterial granulation tissue formation and minimizes 
the risk of bleeding complications. 
Table 4 compares the different study outcomes, including our own. Very recently, a large 
retrospective series was published concerning the long-term follow-up of VAC directly on 
native arteries or a vascular anastomosis in Szylagi III patients. Continuous topical negative 
pressure was started at 50 to 75 mm Hg but was changed to 125 mm Hg as soon as the acute 
inflammation had ceased. However because of the heterogenicity of the graft location (varying 
from the carotid artery to the lower leg), its results cannot be directly extrapolated to our 
population.18 
VAC treatment is a time-consuming therapy and can therefore be demanding for the 
patient. One might argue that our use of the WhiteFoam sponge and lower topical pressure 
lengthens treatment time. Our mean treatment time was 43 days, which is indeed relatively 
long compared with the other studies. However, time to complete healing was 51 days, which 
compares positively with the other studies. Furthermore, none of our patients experienced 
any bleeding complications while we placed the VAC directly on the anastomosis, without any 
protective layer. 
To limit hospital length of stay, we make an effort to discharge patients as soon as their clinical 
condition allows. VAC is continued at home for as long as needed, and the system is changed 
every 3 days by a specialist nurse team that is also on call for any equipment problems.  

Figure 4  Granulation tissue on prosthetic graft
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We see the patient every week in our outpatient clinic to check on the progress. Most patients 
can cope with this strategy very well. 
In every strategy to preserve a vascular graft, the virulence of the microorganism causing the 
infection is seen as a major factor for failure or success.19 Pseudomonas is a highly virulent 
microorganism that does not respond very well to conservative therapy, including antibiotics. 
This is one of the reasons most studies of vascular graft infections recommend graft removal if 
Pseudomonas is present. Indeed, in both failures in the series of Dosluoglu et al, Pseudomonas 
was cultured. The first failure was caused by bleeding, which prompted emergency graft 
removal, and the second failure was caused by a late reinfection leading to partial graft 
removal and a bypass. Kotsis et al also treated one patient who had Pseudomonas infection, 
with no modifications of the VAC therapy but with good result: after 45 VAC days, the wound 
was almost completely granulated. In our series, two patients presented with Pseudomonas 
infection. We stopped the VAC treatment in the first patient and switched to acetic acid gauzes 
with good results. The second patient however had a very large wound in his left groin and 
we were reluctant to stop the VAC treatment. To assist in the eradication, we rinsed the VAC 
system every day with acetic acid and therapy was continued as in the other patients. The 
groin healed after 66 days. 
We have shown that good clinical short-term results can be achieved using this protocol. Even 
though an infection may seem limited to the groin, it is absolutely unclear whether the rest 
of the bypass remains free of infection. VAC offers a minimally invasive graft preservation 
option that can also be used to treat failing conservative graft infection treatment (in 3 of our 
patients). Vascular graft removal is the gold standard to eradicate vascular graft infections. 
Our strategy should be seen as an alternative graft preservation technique for those patients 
who will not be able to endure graft removal and revascularization. Antibiotic treatment is an 
essential adjunct for successful graft preservation. It may not be able to cure the infection, but 
it will suppress the infection to an extent. It is unclear if VAC with assisted antibiotic treatment 
will be able to eradicate the infection completely. Even though none of our patients have 
experienced any late infectious complications, our follow-up is limited. Long-term results, 
which are not yet available, are needed to confirm whether the outcome of VAC combined 
with antibiotics will remain successful.

CONCLUSION

VAC is a valuable tool for graft preservation in infected groins. Despite gut feeling and the 
instructions for use, application of VAC directly on exposed grafts can be safe. To avoid 
complications, we advocate a combination of WhiteFoam and GranuFoam sponges and a 
topical negative pressure of 50 mm Hg.
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Localized argyria caused by metallic silver aortic grafts.  

A unique adverse effect
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ABSTRACT

Introduction
Silver coated grafts are designed to prevent vascular graft infections. Silver is a safe element 
but toxic effects have been reported. We describe two cases of possible localized argyria after 
silver graft implantation.

Report
Two patients presented with perigraft groin collections after implantation of a silver graft. 
During the reoperation an ashen-grey necrotic substance was seen surrounding the grafts. 
The grafts were explanted and lower limb perfusion restored. Cultures were negative and both 
patients recovered uneventful. 

Conclusions 
Our cases are highly suggestive of a possible unique adverse effect: a combination between 
localized silver toxicity and neutrophilic mediated tissue destruction. 
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INTRODUCTION

Silver grafts have been developed to prevent graft infections and have gradually found their 
way in the prevention of vascular graft infection. Various studies have shown the potential 
efficacy of these grafts.1-3 Adverse effects of silver vascular grafts have never been reported. 
However, toxic effects of silver, are reported and among those, argyria, a grey discoloration 
of the skin only reported with extensive and chronic use of silver. This report presents two 
unique cases in whom localised argyria caused by implanted silver grafts may have occurred. 

CASE 1

A 70 year old male with a history of cutaneous systemic lupus erythematosis was treated for 
lower limb claudication related to an occlusion of the left common iliac artery and received 
in 2011 an iliofemoral silver graft (B. Braun® Melsungen AG, Germany). The procedure was 
complicated by a bowel perforation caused by a drain for which a small segment of small bowel 
was resected. Ten months later, in January 2012, the patient presented with a collection of the 
left groin. During surgical exploration an ashen-grey necrotic substance was seen around the 
full length of the graft. The anastomosis was intact. After thorough debridement, the wound 
was filled with Gentamycin impregnated sponges (Garacol®, EUSA pharma, Oxford, United 
Kingdom) and the prosthetic graft was kept in place. Pathological analysis showed a diffuse 
acute and chronic inflammatory reaction with multiple lymphocytes, histiocytes, and foreign 
bodies in multinucleated giant cells (Figure 1a). Three recurrences occurred before the patient 
was referred to our department. No clinical symptoms of infection were present, laboratory 
parameters were as follow: C-reactive protein, 5 mg/L; erythrocyte sedimentation rate of 23 
mm after 1 hour, white blood cell count: 7 *109/L. All cultures proved negative. An FDG PET-CT 

Figure 1a  Histology of patient A, 
showing a chronic inflammatory 
reaction and foreign bodies 
partially in multinucleated giant 
cells
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fusion scan showed a diffuse inflammation with an intense pathological FDG uptake of all of 
the graft, highly suspicious of a graft infection (Figure 1b and 1c).
Because of the relatively mild infectious parameters, the dermatologist was consulted to 
exclude an allergic reaction to silver. Cutaneous allergic tests all proved negative. Consequently, 
the patient was scheduled for graft excision. The same ashen-grey necrotic material was found 
surrounding the silver graft. Extensive specimen bacteriologic culture and debridement were 
performed and the graft was excised. Lower limb perfusion was restored using a reversed 
greater saphenous vein bypass. The operation was uncomplicated. All cultures, including 
sonication of the graft, proved negative. No recurrence occurred after a follow-up of 12 
months. Antibiotic treatment was stopped three months after graft excision. 

CASE 2

A 67 year old patient with a history of myocardial infarction, coronary artery bypass graft and 
chronic obstructive pulmonary disorder (GOLD 1) received in 2011 an aorto-bifemoral silver 
graft (B. Braun Melsungen AG, Germany) because of an asymptomatic infrarenal abdominal 
aortic aneurysm associated with bilateral common iliac artery occlusions. Fourteen months 
later, the patient presented with a bilateral groin collection. During surgical exploration an 
ashen-grey necrotic substance was seen. Both femoral anastomoses were intact. After 
debridement and filling of the wound with Gentamycin impregnated sponges, the patient 

Figure 1b  PET scan imaging of patient A, showing 
increased uptake in the aorto-femoral bypass on 
the left side

Figure 1c  PET-CT fusion image of patient A
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was referred to our department. Intraoperative cultures were negative. Pathological analysis 
showed a granulomatous inflammation with multiple histiocytes, neutrophilic granulocytes 
and multinucleated giant cells, with an evident foreign body tissue reaction. Multiple black 
foreign body scales were seen, mostly incorporated in the giant cells (Figure 2a). 
On presentation laboratory parameters were: C-reactive protein, 25 mg/L, erythrocyte 
sedimentation rate of 28 mm after 1 hour, white blood cell count: 9.3 *109/L. The FDG-PET-CT 
fusion scan showed an intense pathological FDG uptake of all the graft, with a partial ureteral 
obstruction suggesting a graft infection (Figure 2a and 2b). Cutaneous testing for silver proved 
negative. The patient was scheduled for graft excision and in-situ reconstruction. Preoperatively 
double J stents were placed in both ureters. During surgery the femoral extremity of both limbs 
were free of tissue in growth and an ashen-grey necrotic substance was found to completely 
surround both limbs. The graft was explanted after debridement. The femoral anastomotic 
sites were closed by venous patches and a rifampicin impregnated polyester bifurcated graft 
was anastomosed to the external iliac arteries. The patient was discharged after one week. All 
cultures including sonication of the graft proved negative and antibiotic therapy was stopped 
three months after graft excision. The double J stents were removed after 6 weeks by our 
urologist after which no further treatment was required. At 12-month follow-up, the patient is 
doing well with no sign of infection. 

DISCUSSION

Silver is a rare element that exists in the environment. Silver has bactericidal properties and 
is used in a variety of medical applications. Metallic silver for example is used in orthopaedic 
prosthesis and heart valves and soluble silver components are used in a variety of topical 
agents and tablets. Traditionally aortic graft infections have been treated by an extensive 
debridement and extra-anatomic reconstruction but reinfection rates and disappointing 

Figure 2a  Histology of patient A, 
showing a chronic inflammatory 
reaction and foreign bodies 
mostly in multinucleated giant 
cells 
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patency rates have led to the development of in-situ reconstruction options.4 Various options 
to apply antimicrobial agents on a commercially available in-situ graft have been explored. 
Silver coated grafts are commercially available grafts that combine the advantage of being “off-
the-shelf” with the bactericidal effects of silver and are designed for infection prevention.2,4,5 
There are two commercial silver grafts available. The main difference between these grafts 
is the way silver is bonded to the graft. In the first graft (InterGard silver polyester graft, 
Maquet SARL, La Ciotat, France), ionic silver ions are linked to collagen which is used to coat 
the graft. As the collagen link dissolves within a few weeks, so will the silver ions and their 
bactericidal effects. Long term results of the InterGard silver graft did not show any toxic side 
effects from silver.2 The other silver graft (B. Braun® Silver graft, Melsungen AG, Germany) 
which has been used in these patients, has a different structure with a metallic silver layer 
covering the graft. The silver will therefore not dissolve and after one year and almost 98% is 
still linked to the graft. Toxic effects have not been reported from the B. Braun silver graft.6 The 
elemental difference in which silver is bonded changes the way both grafts can be used. The 
InterGard silver graft offers only a temporary antimicrobial activity for prophylactic use during 
the postoperative period. The B. Braun silver graft on the other hand offers a more or less 
permanent antimicrobial activity. 
Review of the literature reveals silver to be a relatively safe element. Rare toxic effects have 
been described only with chronic exposure, most commonly as some kind of argyria defined 
as a local or generalized silver toxicity in which a permanent ashen-grey discoloration of the 
skin occurs due to the deposition of silver and a silver induced increase in melanin complexes. 
Argyria has been reported from the use of silver-containing medications and dental materials.7 

Figure 2b  PET scan imaging of patient B, showing 
increased uptake in the aorto bi-femoral bypass 

Figure 2c  PET-CT fusion image of patient B
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In all these reports of argyria, silver containing agents were used extensively and over a long 
period of time.8 The exact levels in which silver causes toxic effects are unknown and are 
thought to vary with dose, duration and route of exposure together with patient characteristics.9

While most of the symptoms, both of our cases presented with, may be explained by a low 
grade graft infection, low grade infections generally do not cause a grey discoloration and 
tissue necrosis. The observed ashen-grey necrotic material, surrounding the full length of the 
grafts of both of our patients strongly resembles the color of patients with systemic argyria 
and may be due to a local silver overdose. Finally, histologically, we found a chronic foreign 
tissue reaction in which black particles (silver?) were found inside giant cells. As the function 
of giant cells is to remove foreign bodies, no such particles can be found inside giant cells in 
case of an infection. The B Braun® silver graft, used in both cases, has a permanent silver layer 
covering the graft, which generates silver ions over a prolonged timespan. It is therefore likely 
that this necrotic material is caused by a combination between neutrophilic mediated tissue 
destruction and local toxicity of silver caused by prolonged exposure or local degradation of 
the graft. In their report, Tautenhahn et al. demonstrated that silver coated vascular polyester 
grafts highly activate human neutrophils when compared to regular polyester grafts, causing 
the neutrophil to release high levels elastase (a very destructive enzyme) in absence of a 
bacterial trigger.10 On the contrary, Jeanmonod et al.11 provide evidence in vivo that silver 
acetate (used in the Maquet graft) , does not induce a leucocyte mediated tissue inflammatory 
response but in fact stimulates ingrowth of microvessels, promoting implant incorporation. 
While the symptoms of both our cases have led to a reoperation, we do not believe the localized 
argyria by itself to be a dangerous entity. If both our cases really are a form of localized argyria, 
graft excision would probably not have been necessary. However both patients presented with 
a suspected groin abscess and left untreated these lumps would have been very unlikely to 
resolve by itself (as demonstrated by our first case in which local treatment failed four times). 
This is the first report of localized argyria caused by a metallic silver coated graft. The observed 
grayish material and the histology findings are highly suspect of argyria and seem to exclude 
the possibility of a low grade infection of the graft. 
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ABSTRACT

We report the case of a 52-year old man presenting with a graft-appendiceal fistula four years 
after placement of an aorto-bifemoral Dacron prosthesis. After appendectomy and total graft 
removal, the patient was treated with an in-situ repair using a rifampicin-silver graft. In-situ 
repair with a rifampicin-silver graft has only been reported in an animal study. We report the 
first clinical case of an infected aortic graft successfully treated with a rifampicin-silver graft 
with a follow-up of 12 months.
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INTRODUCTION

Aorto-enteric fistulas pose a challenging problem in vascular surgery. They are subdivided into 
primary and secondary fistulas. Primary aorto-enteric fistulas (PAEF) are very rare and occur in 
an aorta without prior intervention. Incidence is estimated at 0.004-0.07%.1 Secondary aorto-
enteric fistulas (SAEF) are more common with an estimated incidence of 1-2%.2 SAEF typically 
occur several years after aortic prosthetic reconstruction. Bergqvist et al. report a median 
duration from primary operation to the emergence of symptoms of 32 months.3 
Aorto-enteric fistulas itself are rare and involvement of the appendix has been reported 
only occasionally. The first case of a graft-appendiceal fistula (GAF) was reported in 1969.4 
Since then only ten cases have been reported5-14, with only four cases over the last 20 years  
(Table 1).6, 7, 10, 12 Treatment of aorto-enteric fistulas follows the principles of the treatment of 
aortic graft infections: surgical debridement including graft removal, partial resection of the 
affected bowel part and revascularisation of the lower limbs. Revascularisation of the lower 
limbs is performed either by extra-anatomic reconstruction or in-situ replacement. Established 
grafts for in-situ reconstructions include venous grafts, allografts, rifampicin soaked grafts and 
silver grafts. Effects of a graft combining rifampicin and silver on the treatment of infected 
aortic grafts have only been studied in an animal study. This report presents a case of a 
patient with a graft-appendiceal fistula after previous aorto-bifemoral Dacron reconstruction, 
successfully treated with an in-situ repair using a rifampicin-soaked silver coated Dacron graft.

CASE REPORT

A 52-year old Turkish man with no significant medical history received a conventional aorto-
bifemoral Dacron graft because of bilateral critical limb ischaemia in another hospital in 2007. 
Proximal anastomosis was at the level of the inferior mesenteric artery. This initial procedure 
was uncomplicated.
In November 2011, he was referred to another hospital because of fever and malaise. Physical 
examination did not yield significant abnormalities and the patient was admitted for clinical 
analysis. On admission, laboratory testing showed elevated infectious parameters (C-reactive 
protein (CRP) 67 mg/l, white blood cell (WBC) count 14.3x109/l, erythrocyte sedimentation rate 
(ESR) 110mm/hr) and a slightly elevated serum creatinine (108μm/l). Ankle brachial indices 
proved normal (left 1.1, right 1.2).
Diagnostic Computed Tomography (CT)-Angiography was performed, demonstrating a fluid 
collection surrounding both sides of the distal prosthesis that was anatomically unsuitable for 
punction. The appendix was shown to be in a very close relationship to the right limb of the 
graft (Figure 1). Both ureters were obstructed, resulting in bilateral hydronephrosis and almost 
complete destruction of the right kidney. 
Because of high suspicion of aortic graft infection, the patient underwent Positron Emission 
Tomography (PET) scanning using 18F-Fluorodeoxyglucose (FDG) as a tracer. PET-CT fusion 
imaging revealed a focal increased uptake of FDG in the fluid collection and soft tissues 
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Table 1  Previous Reports of Graft–Appendiceal Fistulae

Author Treatment Follow-up Outcome

Tyson et al., 19694 Appendectomy and removal  
of graft limb and iliac artery

2 y Above-knee amputation of 
right leg; two minor episodes of 
bright red rectal bleeding with 
unknown source

Risberg and Kewenter, 
197911

Appendectomy, resection of 
aneurysm and adjacent parts 
of iliac artery and graft, and 
interposition of Dacron graft

Not specified Uneventful

Criado et al 198113 Appendectomy and partial 
graft excision; remaining graft 
excised 7 d later

7 d Died of sepsis

Kitzmiller et al., 19849 Appendectomy, resection 
of graft, and construction of 
axillo-bifemoral bypass

4 mos Uneventful

Moore-Gillon and 
Jarrett, 198514

Appendectomy, excision of 
graft limb and iliac artery, 
and construction of Dacron 
demoro-femoral bypass

2 y Iliofemoral venous thrombosis

Alfrey et al., 19885 Appendectomy, resection 
of fistula and graft, and 
construction of external 
bi-ilia retropubic bypass with 
Dacron graft

12 mos Uneventful

Fieve and Bour, 19898 Appendectomy and extra-
anatomic revascularization

18 mos Uneventful; prophylactic 
thoracic aorto-bifemoral 
bypass after 18 mos

Byrne eand McGregor, 
19926

Unknown Unknown Unknown

Chiche et al., 19997 Appendectomy, complete 
removal of right limb of graft, 
and in-situ rifampin-bonded 
graft reconstruction

17 mos Uneventful

Ooi and Usatoff, 200410 Appendectomy, excision of 
right limb of graft, and Dacron 
in-situ replacement 

2 wks Uneventful

Tse et al., 201112 Endovascular treatment 
(aorto-uni-iliac device with 
femoro-femoral crossover 
graft)

6 wks Uneventful
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surrounding the prosthesis as well as the graft itself, confirming the suspicion of aortic graft 
infection. (Figure 2)   
In February 2012 the patient was referred to our hospital for further treatment. The imaging 
studies were complemented with Magnetic Resonance Angiography (MRA) to obtain a full view of 
the vascular tree and to plan a surgical reconstruction. Apart from the infected graft, no further 
stenoses were seen in the aorto-iliac-popliteal and crural regions. Following multidisciplinary 
panel discussion, the patient was scheduled for graft excision and in-situ repair. 
Preoperatively, double J stents were inserted in the ureters to guarantee urine outflow and to 
assist with visualisation during the procedure.
At laparatomy, the appendiceal region was found to be adhesive to the distal end of the right 
limb of the prosthesis, the actual appendix was hardly identifiable. Appendectomy and total 
removal of the graft were performed, combined with a thorough debridement of the vascular 
bed. This procedure was complicated by a left ureteral lesion, which was repaired primarily 
over the double J stent. Lower limb perfusion was restored with an in-situ aorto-bifemoral 
reconstruction using an InterGard silver coated rifampicin-bonded graft (InterVascular, La 

Figure 1 Computed tomography (CT) angiography 
demonstrates fluid collection surrounding distal 
prosthesis. Appendix is closely related to right limb 
of graft (arrow).

Figure 2 Positron emission tomography (PET) 
fused with computed tomography (CT) image 
reveals focally increased uptake of tracer in fluid 
collection and soft tissues surrounding prosthesis, 
as well as in graft itself.
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Ciotat, France). Further procedure was uncomplicated. 

Graft cultures showed infiltration with Staphylococcus Lugdunensis and Enterococcus Faecium. 
Until discharge, antibiotic treatment was given intravenously, consisting of Augmentin 1200mg 
three times a day combined with supplemental Teicoplanin 200mg once a day. The postoperative 
course was uneventful and the patient was discharged after 11 days with ongoing antibiotic 
treatment (oral Augmentin 625mg three times a day and intravenous Teicoplanin 200mg once 
a day) . 
At 15 months follow-up the patient had completely recovered, showing no signs of reinfection. 
Infectious parameters had normalized and the follow-up PET-CT scan showed normal FDG 
uptake. Antibiotic treatment was stopped. 

DISCUSSION

Most SAEF occur between part of the aortic graft and the duodenum transverse, representing 
70% of all aorto-enteric fistulas.15 In only 0.6-5% of aorto- or iliacoprosthetic fistulas involvement 
of the appendix occurs8, 15 Various theories have been proposed to explain the fistulization. 
Fistulization is likely to be promoted by local inflammation, bowel injury or a combination 
between these two factors. Local inflammation, which can be part of the normal healing 
process or a sign of a low grade graft infection, tightens the fibrous relationship between 
graft and bowel, making the bowel more prone to pulsatile erosive damage. Bowel injury 
may be due to the initial dissection or caused by erosion due to pseudoaneurysm formation, 
sutures, prolonged pressure upon the bowel by a graft or repetitive pulsating trauma.7, 15, 16  
The low incidence of GAF may, at least partially, be explained by the fact that closure of the 
retroperitoneum after aortic surgery does not replace the appendix, thereby minimalizing 
dissectional or frictional trauma.8

Without prompt treatment, SAEF has a mortality rate of nearly 100%.12 Even after accurate 
surgical intervention associated mortality rates of SAEF are estimated at 57%.15 Although 
treatment of a graft-appendiceal fistula is not different from that of any other infected aortic 
graft, the clinical condition of the patient dictates which of the available treatment options is 
most appropriate. Most patients with GAF are critically ill and often have serious co-morbidities 
which may limit the available therapeutic options. In a conservative approach, disconnection 
of the fistula and placing disease-free tissue, most commonly omentum, between the 
inflammatory tissue is performed, thereby avoiding resection of the infected graft.12 Due to 
high reinfection rates, results however are pessimistic.17 
The conventional surgical approach of aorto-enteric fistulas consists of three elements. First, 
an extensive debridement is used to clear the abdomen of all infectious material, including 
(part of) the graft. In GAF, this includes appendectomy. Second, the affected part of the bowel 
must be treated. Most often this comes down to a small resection of the bowel and primary 
anastomosis or, in case of a GAF, appendectomy. Third, lower limb perfusion must be restored 
using an in-situ replacement with autogenous femoral vein graft, cryopreserved allograft, 
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rifampicin-bonded prosthetic graft or an extra-anatomic bypass.18 The extra-anatomic 
reconstruction is a two stage procedure and performs worse than in-situ grafts in terms of 
patency and reinfection rates.17 The in-situ replacement as a one stage procedure is currently 
the most up-to-date therapeutic option. While vein grafts are an excellent option in terms of 
reinfection, antibiotic bonded or silver coated graft offer the great advantage of being “off-
the-shelf”. Prebinding of grafts with a combination of an antibiotic and silver enhances their 
antibacterial activity.19 In a recent porcine model for early prosthetic vascular graft infection, 
promising results from an in-situ replacement with rifampicin-soaked silver-coated polyester 
(RSSCP) grafts were shown.19 After implantation of aortic grafts inoculated with Staphylococcus 
aureus and development of prosthetic vascular graft infection (PVGI) in sixty pigs, fifty-two 
pigs were randomised to undergo in-situ replacement with expanded polytetrafluoroethylene 
(ePTFE) or RSSCP grafts.19 In this model non-eradicated S. aureus remained in only 4% of 
RSSCP grafts compared with 56% of expanded ePTFE grafts.19 
Our present case is the first case to report the treatment of an infected aortic graft with a 
RSSCP graft in men. While we report only a short term follow-up, our report confirms the 
positive in-vitro results. As silver grafts do not affect antibiotic resistance, they pose a potentially 
powerful tool in the treatment of aortic graft infections. Although more studies are required, 
the combination between silver and rifampicin in one graft may very well prove to be the next 
step in one stage, off-the-shelf treatment of aortic graft infections. 

CONCLUSION

A graft-appendiceal fistula is a rare and serious complication after surgical aortic repair. In-situ 
repair with a rifampicin-silver graft seems a promising new strategy in the treatment of aorto-
enteric fistulas on the medium-term. Outcome on the long-term needs to be studied.
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Aortic graft infection (AGI) is a rare and heterogenous complication. Consequently, most of 
what is known about the incidence, diagnostic tools, and therapeutic interventions of AGI is 
derived from small case-series. These case series are hard to compare because they used 
different definitions of AGI and combined different patients with different risk profiles for 
infection. In addition, a uniform, diagnostic gold standard for AGI is lacking. Despite the fact 
that AGI is a well known and dreaded complication, there is still no consensus on any part of 
the diagnostic and therapeutic process. 

THE INCIDENCE OF AGI IN THE ENDOVASCULAR ERA

Percutaneous transluminal angioplasty (PTA) of occlusive aorto-iliac disease took off with the 
introduction of peripheral stents in the late eighties. Endovascular aneurysm repair (EVAR), 
after being introduced in 1991,1 evolved into the preferred treatment for aortic aneurysm in 
the first decade of the 21st century. The endovascular techniques have radically changed the 
treatment of aorto-iliac disease. So, data on the incidence of AGI from a few decades ago may 
not be applicable in the current era. 
In chapter 3, up-to-date AGI incidence rates were obtained by using strict inclusion criteria. 
Only patients with primary operations, prosthetic material and at least one aortic anastomosis 
were included. To further improve the accuracy, both microbiologically proven infections and 
clinically proven infections were part of the definition of AGI. Although the definition of AGI 
used in chapter 3 can be argued, the study described is the first on incidence rates of AGI in 
the endovascular era. It is remarkable that the only other study in the literature reporting on 
the cumulative incidence of AGI found a more than 20-fold lower rate than reported in chapter 
3 of this thesis (0.19% (95% confidence interval (CI)  0.12%-0.26%) versus 4.5% (95% CI: 2.4-
6.6)).2 In the previous study, however, mainly patients from the pre-endovascular era were 
included. This leads to an interesting hypothesis that, after the introduction of endovascular 
techniques, patients who still require open aorto-iliac surgery are at higher risk for AGI. Further 
studies are needed to confirm the incidence rates reported in chapter 3. 
Audits and complication registrations form an integral part of quality assessments and bench-
marking of hospitals. Hospital, regional, and national registries require uniform definitions 
and reporting standards. The adequate registration of AGI as a complication will lead to an 
improvement of quality of care as has been shown in various other fields of medical practice. 
Patients need to be followed according to strict protocols, using regular visits. Medical records 
of hospitals and general practitioners need to communicate with each other for example via 
an electronic patient file. This will help to pool individual patient information across centers 
and studies. This will also lead to an accurate definition of risk factors for AGI which will 
eventually lead to the development of prevention strategies. At this moment privacy issues 
obstruct the introduction of an electronic patient file as adversaries fear the abuse of sensitive 
patient information by hackers, health care workers, media, and insurance companies. Sound 
information on the occurrence of AGI will be essential to show that the treatment of patients 
with AGI should be regionalized.
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DIAGNOSING AGI

Establishing the diagnosis AGI is difficult but essential for a timely and appropriate treatment. 
In chapter 2, it is shown that the clinical presentation of AGI is very diverse. Most of the 
signs and symptoms associated with AGI are only present in high grade graft infections. Low 
grade infections are more difficult to detect clinically. Although various signs and symptoms 
have been associated with AGI, not a single one or a combination has been shown to be 
pathognomonic. AGI cannot be diagnosed merely on clinical symptoms. 

The gold standard: microbial culturing 
A positive culture of prosthetic or periprothetic material, obtained by percutanous puncture 
or surgery, is the gold standard proof of AGI.3-5 A gold standard is essential to develop and 
compare new diagnostic and therapeutic methods. For AGI, however, obtaining the gold 
standard may prove difficult and is one of the reasons why clinical trials are hard to conduct 
and compare. Furthermore, even if culturing material can be obtained, a negative culture 
result does not rule out AGI. This issue is addressed in chapter 5. Many of the microorganisms 
associated with AGI are able to produce a biofilm. This biofilm consists of sessile micro colonies 
embedded within an exopolysaccharide (glycocalyx) matrix produced by the organisms to 
provide a stable environment for a metabolically diverse infectious process.6 Biofilm protects 
the organisms from host defenses and antibiotics and may be one of the reasons for false 
negative cultures. Sonication is a culturing method in which sound waves are used to release 
microorganisms from their enveloping biofilm. There are no studies on sonication of vascular 
grafts. In orthopedic prosthetic infections, culturing of this sonication fluid has been shown 
to be equally specific but more sensitive compared to conventional culturing techniques.7, 8  
In an unpublished pilot study, performed by the author, in The University Medical Center, 
Utrecht, using 26 graft infections, a 32% increase in relevant culture results with the use of 
sonication was noted. Polymerase Chain Reaction amplification of the 16s rRNA gene of the 
sonication fluid yielded another 35 % extra relevant culture results. To compare future studies 
on AGI, a standardized gold standard is needed. Sonication of prosthetic vascular grafts may 
prove to be a valuable adjunct for the gold standard. If future studies are able to confirm the 
promising results of sonication, it should become part of the standard diagnostic protocol. 

Diagnostic imaging for AGI: the role of FDG-PET 
The diagnosis of AGI relies heavily on diagnostic imaging. Computed tomography (CT) scanning 
is currently considered the most important imaging modality. CT has been reported to have 
a sensitivity of 94% and a specificity of 85% in case of high grade infections.5, 9-11 In case of a 
low-grade infection, the sensitivity and specificity rates were 55% and 100% respectively12-14  
This has prompted the search for more reliable imaging tools. 
The use of 18F-fluorodeoxyglucose (FDG) Positron Emission Tomography (PET) scanning in the 
diagnosis of AGI is relatively new. 18F-FDG-PET-scanning is based upon the uptake of radioactive 
labeled 18F-FDG (a glucose analog) in metabolic active cells. It has the ability to detect metabolic 
molecular and cellular processes and is widely used as a whole body imaging technique to 
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detect malignancies. Inflammatory and infectious processes however also show an increased 
uptake of 18F-FDG. Various case series have shown promising results of PET scanning in 
diagnosing AGI.15-19 However, all of these case series report on the use of PET scanning in a 
population suspect for AGI. The value of PET scanning in infected vascular grafts can only be 
determined if the frame of reference is known e.g. the behavior of a PET scan in an uninfected 
vascular graft. The normal uptake patterns and parameters associated with the implantation 
of vascular grafts have not yet been established and are essential in correctly interpreting 
patterns associated with vascular graft infections.

Normal FDG-uptake patterns and temporal uptake patterns
In chapter 4, the FDG-uptake patterns of uninfected and infected vascular grafts were studied 
using 2 (semi) quantitative parameters (Maximum Standardized Uptake Value (SUVmax) 
and Tissue to Background Ratio (TBR)) and 2 qualitative parameters (Visual Grading Scale 
(VGS) and focality of FDG uptake (homogenous versus focal uptake)). The observers were 
blinded for clinical data. They were also required to give a final conclusion using all available 
PET parameters. The normal uptake patterns (of all 4 parameters) of the uninfected grafts 
showed large overlaps with the uptake patterns of infected grafts. This leads to the conclusion 
that the PET scan, at this moment, is inadequate in differentiating between uninfected and 
infected grafts. In contrast to the individual parameters, the final conclusion of the nuclear 
medical physicists, based on the all imaging results of the PET scan in chapter 4, did show a 
good ability to differentiate between uninfected and infected grafts. Somehow the individual 
quantitative and qualitative parameters add up to yield a conclusion with which the observer 
is able to distinguish uninfected from infected grafts. This interesting observation should be 
evaluated further. By means of e.g. a multiple regression analysis and by weighing the different 
parameters, future studies may be able to confirm and explain this observation.
The physiological inflammation associated with graft implantation is a dynamic process.  
An FDG-PET scan performed early after implantation may offer entirely different results than 
one made later. A recent study by Keidar et al., showed no changes in FDG uptake after one 
year.20 The inflammatory phase associated with wound healing mainly occurs in the first 
months after implantation. Establishing the temporal changes of FDG uptake patterns in 
the postoperative phase is also essential to define pathological FDG uptake associated with 
infection. Animal studies in which sequential FDG-PET scans are made after graft implantation 
should be able to clarify if this dynamic inflammation process is of any influence on the test 
results. Pooling of available data across hospitals may facilitate studies into this topic. 
PET only shows increased FDG-uptake and is unable to differentiate between inflammation and 
infection. Every surgical trauma is associated with an inflammatory reaction and this can yield a 
false positive result on the PET scan. Furthermore, FDG-uptake may occur in scar tissue, native 
vessels and atherosclerotic plaques.16, 17, 21, 22 A reliable differentiation between inflammation 
and infection is essential for the use of PET scanning to diagnose AGI. New PET tracers to 
differentiate between inflammatory and infectious processes are currently being developed. 
Promising results are published on radiolabeled antibiotics used as tracers, for example 
99mTc-labeled ciprofloxacin.23, 24 Other promising research focuses on antimicrobial peptides. 
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These can be found in for example mammals and protect the animal against infection. Among 
the human-derived antimicrobial peptides tested, the UBI 29-41 showed the greatest promise. 
UBI 29-41 binds preferentially to bacteria in vitro and not to activated leukocytes.23 Application 
in clinical practice is awaited. 

The current position of FDG PET scanning in the diagnosis of AGI
The ideal diagnostic imaging modality for AGI has both a high positive predictive value (PPV) 
and high negative predictive value (NPV). While a false negative diagnosis (missing AGI, low 
NPV) can withhold the patient appropriate treatment, a false positive diagnosis (low PPV) 
will lead to unnecessary and often invasive therapy. While arbitrary, a high PPV is, clinically 
probably the most important. Patients with AGI are often critically ill and a (false) negative 
diagnosis for AGI will often prompt further testing despite the test result. In the diagnostic 
process of AGI, the clinician may prefer a high PPV (high specificity) instead of a high NPV (high 
sensitivity), to ensure no unnecessary invasive therapy is done for those with a false positive 
diagnosis of AGI. When a patient is already treated for AGI and the clinician would like to know 
if his antibiotic therapy may be stopped, a high NPV (high sensitivity) may be preferred. For 
this reason, various cutoff values for SUVmax and TBR were calculated in chapter 5. Relatively 
high values of SUVmax and TBR were needed to ensure a decent PPV (respectively 8 and 6). 
This, however, was associated with low NPV values. Conversely, relatively low values were need 
for a decent NPV (4 and 2) but were associated with low PPV values. These results reflect the 
current difficulty of FDG-PET to adequately diagnose AGI. At this moment, the value of FDG-
PET in the diagnosis of AGI is only limited. Further confirmation on the normal uptake patterns 
associated with graft implantation, is essential to determine the value of FDG-PET scanning in 
the diagnosis of AGI. 
Considering the small numbers, most case-series on AGI suffer from, a reliable comparison 
and even pooling of data by means of a meta-analysis from different PET studies is essential 
to determine the position of PET scanning in the diagnosis of AGI. At this moment, however, 
this is not yet possible. Assessing PET-scans is a complex and subjective process in which 
visual pattern interpretation (qualitative analysis) and (semi) quantitative parameters are 
used to interpret the images. Quantitative analysis is most frequently done by assessing 
maximal standardized uptake value (SUVmax) or tissue-to-background ratio (TBR). The SUV 
is calculated using either pixel-wise yielding a parametric image, or over a region of interest 
(ROI).25 Mean and maximum SUVs can be normalized to blood 18F-FDG activity by division by 
an average blood ROI, estimated from, for example, the inferior vena cava resulting in a TBR 
measure. Various approaches are being used for defining ROIs on PET scans. SUV depends on 
acquisition, reconstruction, and ROI parameters that may all vary with different PET scanners 
and image reconstruction and data analysis software. Focal FDG-uptake is defined as a well 
circumscribed area of increased FGD-uptake.26 This quantitative parameter of PET images is 
currently reported to be the only parameter able to diagnose AGI. The results from chapter 4 
and 5, however, contradict this. Although differences in definitions and case mix may explain 
these contradictory results, another possible explanation is the interpretation of PET images 
being a subjective process. In the absence of uniform definitions and reporting standards 
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on AGI related PET imaging, these 2 examples illustrate the necessity to standardize PET 
protocols. To determine the real value of the FDG-PET scan in diagnosing AGI, it should be 
compared to the current gold standard, CT, in a large scale (probably multicenter) study with 
a uniform patient population, a uniform definition of AGI and a uniform timing of the FDG-PET 
scan. 

TREATMENT AND PREVENTION OF AGI

AGI is a difficult to treat complication. Because there are so many individual parameters that 
need to be incorporated in determining the optimal therapy of a patient, the treatment of 
AGI cannot be standardized. (Chapter 6) Despite years of experience with AGI, the surgical 
therapy has not changed much. The main therapeutic development of the last decades is 
the in-situ reconstruction becoming the gold standard for treating AGI at the expense of the 
extra-anatomic reconstructions. (Chapters 6 and 7) All available evidence on the treatment of 
AGI comes from case-series.

Antibiotic impregnated grafts
Prosthetic vascular grafts are ideal vessels for drug delivery analogue to drug eluting stents. 
Antibiotic impregnated grafts have originally been developed to treat vascular graft infections 
but high risk patients for graft infection are often prophylactically treated with antibiotic 
impregnated grafts. Various combinations between prosthetic material and antibiotics have 
been studied. Until now, Rifampicin bonded to polyester appears to be the most optimal 
combination.27 This is an off-the-shelf solution in which the polyester prosthesis is soaked 
in 60mg/mL of Rifampicin for 15 minutes. This has been shown to effectively protect against 
reinfections up to 7 days after implantation but may limit its use to early reinfections.28  
While good results have been shown even with aorto-enteric fistulas, its efficacy in Rifampicin 
resistant microorganisms such as Methicilin Resistant Staphylococcus Aureus (MRSA) or in the 
face of gross contamination or high virulent microorganisms (MRSA, Pseudomonas Aeruginosa) 
is questioned (chapter 6).27, 29 As antibiotic resistance is a growing problem, research should 
focus on the use of alternatives to antibiotic bonded grafts. Grafts using topical antiseptic 
agents such as triclosan are currently being studied.30

Silver grafts
The bactericidal effects of silver have been used in a wide array of medical applications. Silver 
coated grafts are commercially available grafts that combine the advantage of being “off-
the-shelf” with the bactericidal effects of silver and are designed for infection prevention.31,32 
Currently, there are two commercial silvergrafts available. The difference between those 
grafts is the way silver is applied to the graft. In the first graft (InterGard silver polyester graft, 
Maquet SARL, La Ciotat, France), silver ions are linked to collagen and gradually disappears 
as the collagens dissolves in about three weeks. In the second graft (B. Braun® Silver graft, 
Melsungen AG, Germany), a metallic silver covers the graft. As the silver is an integral part 
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of the graft itself, it will not dissolve and maintain its bactericidal activity for a longer period. 
The first graft is used to prevent early graft infections while the second is claimed to be of 
use to treat infections. Silver grafts have two important advantages: they are off-the-shelf 
grafts and even more importantly, silver does not affect microbial resistance. There are no 
randomized controlled trials proving the efficacy of silvergrafts in the prevention of vascular 
graft infections, but various case-series have shown promising results and even comparable 
results to cryopreserved allografts in terms of reinfection.32, 33

Although silver has been shown to be a safe element, in chapter 9, two cases are presented 
in which a potential downside of the use of metallic silver in a permanent construction with 
a vascular graft is reported. In both cases a vascular graft infection was suspected. Upon 
surgical exploration, ashen-grey necrotic material was found surrounding the vascular grafts. 
All cultures remained negative. Silver is potentially able to activate neutrophils, causing the 
neutrophil to release high levels elastase in absence of a bacterial trigger.34 Elastase is a 
very destructive enzyme and might lead to tissue necrosis. The grey discoloration found in 
both cases in chapter 9, may be a form of localized silver intoxication. Silver intoxication by 
medication for example causes a ashen-grey discoloration of the skin and is called argyria. 
While the observed phenomenon can also be explained by a low grade infection, infections 
generally do not cause a ashen-grey discoloration. Furthermore, histologically a foreign body 
tissue reaction with black particles inside giant cells, was observed. This is a reaction that is also 
not associated with infections. The observed complications may limit the use of silvergrafts 
with a permanent bonding of silver. 

Stent graft infections
The introduction of endovascular techniques as a minimal invasive treatment option for aorto-
iliac disease is associated with a more limited surgical trauma and is therefore associated with 
a smaller risk for infection. The recently reported 1-year incidence of stent graft infections lies 
between 0.2% and 0.7%.35 As endovascular therapy will continue to expand, so will the use 
of stent grafts. Stent graft infections may become more prominent and will offer the same 
treatment challenges as AGI. The expanded use of prosthetic grafts to deliver antimicrobial 
medications will assist in the prevention of AGI and stent graft infections. The application of 
antiseptic and /or antimicrobial agents to a stent graft may not only assist in the prevention of 
stent graft infections but may also change the way AGI can be treated in a minimal invasively. 
While the placement of a stent graft to treat AGI is mostly a bridge to definite surgery, an 
antimicrobial stent graft may offer a permanent treatment option.

FINAL CONSIDERATIONS

Aortic graft infection remains a challenging complication in vascular surgery. Mortality and 
morbidity rates associated with AGI remain high and the incidence of AGI may have increased. 
(Chapters 2 and 6) These two factors are a plea for centralization of the treatment of AGI. 
Treating AGI is a multidisciplinary process involving vascular surgeons, anesthesiologists, 
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intensive care specialists, radiologists, nuclear specialists, infectiologists and microbiologists. 
To ensure adequate diagnostic and therapeutic experience for the treating team, patients with 
suspected AGI should be treated in specialized centers only, using strict diagnostic protocols 
and individualized therapies. In the absence of large scale studies, clinical guidelines should be 
developed concerning the definition of AGI. Consensus on a standard diagnostic test package 
(in which every patient receives the same laboratory test, a CT-scan and a FDG-PET scan) 
is essential to compare and pool results from future studies. The many different treatment 
options will further continue to interfere with the comparison within and between hospital 
results. The low incidence rates of AGI, will continue to limit the formation of a sound research 
population. Establishing national or even international registries, analogue to the European 
Organisation for Research and Treatment of Cancer (EORTC), will be the future of AGI related 
research. 

MAIN CONCLUSIONS

-  The clinical symptoms of AGI are diverse and routine diagnostic and therapeutic protocols 
vary between centers. (Chapter 2)

- The 2-year incidence of primary aortic reconstructions is 4.5%. (Chapter 3)
- Normal FDG-uptake of uninfected and infected vascular grafts largely overlap. (Chapter 4)
-  The value of FDG-PET scanning in the diagnosis of AGI is not yet determined. (Chapters 4 

and 5)
- The surgical treatment of AGI should be tailor made. (Chapter 6)
-  Vacuum assisted closure therapy is a minimal invasive treatment option to successfully 

preserve exposed, infected grafts in the groin. (Chapter 8) 
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Prosthetic vascular grafts are frequently used to reconstruct (part) of the aorta. Every surgical 
procedure caries a certain risk for infection and when a prosthetic aortic graft is implanted, this 
may lead to an aortic graft infection (AGI). Endovascular techniques have gradually replaced 
open surgical reconstructions as first line of treatment for aorto-iliac diseases. Nowadays, open 
reconstructions are primarily reserved for patients unsuitable for endovascular reconstructions or 
for redo surgical procedures, both of which have been identified as risk factors for graft infection. 
Most knowledge on AGI is derived from relatively older studies and may no longer be applicable 
in the current endovascular era. AGI is a rare and heterogenous disease and this results in a lack 
of knowledge on the incidence and on the best diagnostic and treatment options. 
To highlight this lack of consensus, a small questionnaire was distributed to all members of the 
Dutch Vascular Surgery Society (chapter 2), containing questions on the clinical presentation and 
on the diagnostic and therapeutic strategies. The results of this questionnaire show highly mixed 
opinions and reflect current literature on AGI. It confirmed that the clinical presentation of AGI is 
very diverse. Furthermore, almost every imaging modality available is applied and most vascular 
surgeons require more than one imaging modality to confirm AGI. Finally, the questionnaire 
showed that there is no clear consensus about the optimal treatment strategy for AGI. 
The incidence of AGI is thought to be somewhere between 0.5% and 6%. Data on the incidence 
of aortic graft infections is scarce and mainly comes from outdated case-series. These series are 
criticized because they lack a uniform definition of AGI and include a combination of patients 
with very different infectious risk profiles. In chapter 3, up-to-date incidence rates for AGI are 
determined by using strict inclusion criteria. The 30 day incidence was 1.6% (95% confidence 
interval (CI): 0.46 - 2.8), 90 day incidence was 2.8% (95% CI: 1.2 - 4.4), 1-year incidence was 3.6% 
(95% CI: 1.7 - 5.5), and the 2-year incidence for AGI was 4.5% (95% CI: 2.4 - 6.6). 
Establishing the diagnosis AGI is difficult. AGI can be suspected clinically but to confirm AGI, 
clinicians must rely on imaging modalities. 18F-Fluorodeoxyglucose (FDG) Positron Emission 
Tomography (PET) scanning in the diagnosis of AGI is relatively new. 18F-FDG PET-scanning is 
based upon the uptake of radioactive labeled 18F-FDG (a glucose analog) in metabolic active 
cells. Inflammatory and infectious processes both show an increased uptake of 18F-FDG. As PET 
only shows an increased FDG-uptake, it is unable to differentiate between inflammation and 
infection. Every surgical trauma is associated with an inflammatory reaction and this can yield a 
false positive result. The normal uptake patterns and parameters of vascular grafts have not yet 
been established and may prove essential to correctly interpret patterns associated with vascular 
graft infections. Chapter 4, shows that the uptake patterns of uninfected vascular grafts display a 
large overlap with the pathological uptake patterns of infected grafts. This leads to the conclusion 
that the PET scan is inadequate in differentiating between uninfected and infected grafts in most 
cases. Assessing PET-scans is a complex process in which visual pattern interpretation (qualitative 
analysis) and supplemental parameters (quantitative analysis) are used to interpret the image. 
In chapter 5, the value of 4 commonly used parameters to interpret PET images (maximal 
standardized uptake value (SUVmax),  tissue-to-background ratio (TBR), visual grading scale (VGS) 
and focality of FDG-uptake) are studied for AGI. In line with the conclusion from chapter 4, none 
of these parameters were able to firmly diagnose AGI. 
The surgical treatment of AGI relies on two core principles: the removal of all infectious material 
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including (part of) the graft (debridement) and constructing an alternative vascular route to the 
lower limbs. There are various ways to restore lower limb perfusion after graft excision. Chapters 
6 and 7, review these methods. Traditionally, lower limb perfusion is restored by constructing an 
extra-anatomic bypass (EAB), avoiding the infected field. Disappointing patency rates and high 
amputation rates of the EAB are the main reason that in-situ reconstructions are currently the 
gold standard. In an in-situ reconstruction, the resected infected graft is replaced by new graft, 
placed directly in the contaminated or infected bed. Every in-situ conduit material (autologous, 
antimicrobial grafts, homografts) has its pros and cons. The treatment of a patient with an aortic 
graft infection should be tailor-made in which the choice of reconstruction depends on anatomic 
details, patient characteristics, and graft availability.
The debridement is often the most extensive part of the operation and by removing the graft 
itself, long ischemic times arise. The associated surgical trauma is severe and a significant part of 
the patients with AGI is not able to endure extensive surgery and may benefit from a more limited 
surgical approach. In chapter 8, the results from a limited surgical approach to treat exposed, 
infected grafts in the groin are presented. Vacuum Assisted Closure (VAC) VAC is a therapy in 
which negative pressure is applied to a wound. This negative pressure promotes wound healing. 
The application of VAC direct on exposed grafts, has been associated with a (fatal) bleeding risk. 
In chapter 8 a modified VAC technique was used to reach an 87% successful wound healing rate 
without any bleeding complications. While this shows that VAC is able to safely preserve exposed 
(and infected) grafts in the groin, it is by no way a treatment of the infection itself. This therapy 
relies on antibiotics to suppress the infection to a level in which a patient is not systemically ill. 
A substantial part of the patients treated for AGI requires prosthetic material to restore lower 
limb perfusion. Using prosthetic grafts for in-situ reconstructions implies an increased risk for 
reinfection. To counter this, antimicrobial grafts have been developed. Antibiotic bonding or silver 
coating, are two of the most common methods to create antimicrobial grafts. Silver has shown 
to be a safe element and can be used in a temporary or permanent bonding with a vascular 
graft. There is a balance between biological activity and toxicity. In chapter 9, this is illustrated 
by two cases in which metallic silver in a permanent construction with a vascular graft caused 
some form of localized silver intoxication, leading to a surgical intervention. To further enhance 
the antimicrobial activity, silver grafts can be soaked in antibiotics (most commonly rifampicin). In 
chapter 10, the first successful in vivo treatment with a rifampicin-soaked silver-coated prosthetic 
graft is presented. 

The main conclusions from this thesis are
-  The clinical symptoms of AGI are diverse and routine diagnostic and therapeutic protocols 

vary between centers.
- The 2-year incidence of primary aortic reconstructions is 4.5%. 
- Normal FDG-uptake of uninfected and infected vascular grafts largely overlap. 
- The value of FDG-PET scanning in the diagnosis of AGI is not yet determined.
- The surgical treatment of AGI should be tailor made.
-  Vacuum assisted closure therapy is a minimal invasive treatment option to successfully 

preserve exposed, infected grafts in the groin.
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Slagaderverkalking is een ziekteproces dat vernauwingen (stenosen) en verstoppingen 
(occlusies) van slagaderen tot gevolg kan hebben. Traditioneel worden stenosen en occlusies 
van slagaderen behandeld door een open operatie, waarbij de vernauwing of verstopping 
lokaal wordt opgeheven of waarbij er een omleiding wordt aangelegd om de bloedstroom 
langs deze stenosen of occlusies te voeren. Het materiaal waarmee deze omleiding kan 
worden aangelegd kan lichaamseigen zijn (van een eigen ader: veneus) of kunststof (prothese). 
De grootste voordelen van het gebruik van kunststof zijn dat dit in verschillende maten 
verkrijgbaar en altijd beschikbaar is. Lichaamseigen materiaal heeft daarentegen meestal 
maar een beperkte diameter en is niet bij elke patiënt beschikbaar (bijvoorbeeld omdat de 
ader al gebruikt of te klein is). Elke chirurgische ingreep draagt een bepaald risico voor infectie. 
Indien er een prothese wordt gebruikt, kan deze infectie ook op de prothese betrekking 
hebben. Vaatprothese-infecties komen relatief weinig voor maar kunnen grote gevolgen 
hebben. De mate van invaliditeit die overblijft na het doorstaan van een ziekte of operatie, 
bij prothese infecties betreft dit meestal de kans op een amputatie van een ledemaat, wordt 
morbiditeit genoemd. De morbiditeit en mortaliteit (sterfte) bij vaatprothese-infecties, hangt 
af van de locatie van de vaatprothese. Bij vaatprotheses die gebruikt worden in een ledemaat 
(extremiteit) bedragen deze cijfers 41% (morbiditeit) en 17% (mortaliteit) en bij vaatprotheses 
die gebruikt worden in de buikholte (om de aorta te behandelen) bedragen deze cijfers 17% 
(morbiditeit) en 43% (mortaliteit). 

Aortaprothese infecties 
De aorta is de grootste slagader in het lichaam en loopt van het hart tot halverwege de 
buik, waar deze splitst in een tak voor het linkerbeen en een tak voor het rechterbeen. 
Aortaprothese-infecties (aortic graft infections, AGI) vormen binnen de vaatprothese infecties 
een speciale subcategorie. In tegenstelling tot vaatprothese-infecties in een ledemaat, zijn de 
symptomen die gepaard gaan met AGI over het algemeen aspecifiek. Dit zorgt ervoor dat AGI 
over het algemeen pas laat ontdekt wordt. Vaak is de patiënt dan al ernstig ziek. 
Onderzoek op het gebied van AGI is ingewikkeld. AGI komt relatief weinig voor en de patiënten 
met AGI zijn vaak ernstig ziek en hebben veel begeleidende ziekten (zoals andere hart- en 
vaatziekten). Daarbij is het moeilijk om de studies die er zijn op het gebied van AGI te vergelijken, 
omdat de definitie van AGI verschilt van studie tot studie. De meeste kennis die beschikbaar is, 
komt uit relatief oude en kleine studies van onvoldoende methodologische kwaliteit. 
In hoofdstuk 2 wordt dit gebrek aan kennis geïnventariseerd. Middels een korte enquête 
werden alle leden van de Nederlandse Vereniging voor Vaatchirurgie ondervraagd. Deze 
enquête bevatte vragen over het klinisch beeld, de diagnostiek en behandeling van AGI. Uit 
de respons op de enquête kunnen drie belangrijke conclusies getrokken worden: de klinische 
presentatie van AGI is uitermate divers, routine diagnostiek om AGI aan te tonen wisselt van 
kliniek tot kliniek en er wordt zeer verschillend gedacht over de juiste behandeling van AGI. 
Deze conclusies komen overeen met de huidige literatuur. 
De laatste jaren heeft er een kentering plaatsgevonden in de manier waarop afwijkingen 
aan slagaderen worden behandeld. In plaats van de traditionele open operaties worden de 
afwijkingen in toenemende mate endovasculair behandeld. Endovasculair betekent dat er 
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aan de binnenzijde van het bloedvat wordt gewerkt. Onder röntgenstraling wordt middels 
voerdraden de afwijking benaderd waarna er bijvoorbeeld een stent of vaatprothese kan 
worden achtergelaten. Het belangrijke verschil met de traditionele operatie is dat de wond die 
gemaakt wordt om een endovasculaire procedure uit te voeren vele malen kleiner is dan de 
wond bij een open operatie. Zo wordt er bij een open operatie een snee van 30 centimeter 
gemaakt in de buik om een deel van de aorta te vervangen, terwijl er met een endovasculaire 
behandeling meestal slechts een of twee kleine sneetjes in de lies nodig zijn. Endovasculaire 
behandelingen worden daarom minimaal invasief genoemd. Tegenwoordig wordt het grootste 
deel van de afwijkingen aan slagaders endovasculair behandeld. De traditionele operaties 
vinden nog steeds plaats, maar worden vooral gebruikt bij patiënten die om wat voor reden 
dan ook niet geschikt zijn voor een endovasculaire behandeling (bijvoorbeeld omdat een 
endovasculaire behandeling mislukt is (een redo operatie) of de ingreep te complex is). Een 
aantal factoren spelen een belangrijke rol bij het optreden van vaatprothese infecties. Dit 
zijn onder meer de grootte van de wond, de duur van de operatie en redo operaties. Dit 
impliceert dat de categorie patiënten die tegenwoordig een vaatprothese krijgt een geheel 
ander risico heeft op een vaatprothese-infectie dan een aantal jaren geleden. Daarbij is ook 
het infectierisico van de patiënt zelf veranderd. Zo is er een belangrijke toename van het aantal 
patiënten met suikerziekte en overgewicht, beide belangrijke risico-factoren voor infecties. 
De incidentie van AGI (het aantal nieuwe patiënten in een bepaalde tijdsperiode) wordt in de 
literatuur geschat tussen de 0,5% en 6%. Gegevens over de incidentie van AGI zijn beperkt. De 
meeste informatie komt uit studies uit de jaren 80 met lage patiënten aantallen. De meeste 
studies geven geen tijdsperiode aan waarin het aantal nieuwe patiënten is gevonden. Daarbij 
zijn deze studies slecht te vergelijken door een verschillende definitie van AGI en bevatten 
deze studies meestal verschillende patiëntengroepen met zeer verschillende risicoprofielen 
voor infecties. Zoals gezegd zijn de hedendaagse patiënt met een afwijking aan de aorta en 
diens behandeling anders dan 20 jaar geleden. Hierdoor geven de oude incidentiecijfers 
waarschijnlijk geen goed schatting weer. In hoofdstuk 3 is de huidige incidentie van AGI 
bepaald. De 30 dagen incidentie is 1.6% (95% betrouwbaarheidsinterval (BI): 0.46 - 2.8), de 1 
jaars incidentie 3.6% (95% BI: 1.7 - 5.5) en de 2 jaars incidentie is 4.5% (95% BI: 2.4 - 6.6).
Het diagnosticeren van AGI is moeilijk. Vanwege de a-specifieke klinische symptomen moeten 
clinici varen op beeldvormende diagnostiek. 18F-Fluorodeoxyglucose (FDG) Positron Emissie 
Tomografie (PET) scanning is een relatief nieuwe manier om AGI te diagnosticeren. Over 
het klinische gebruik van de PET-scan is echter nog weinig bekend. 18F-FDG PET-scanning is 
gebaseerd op de opname van radioactief gelabeld 18F-FDG (een soort suiker) in lichaamscellen 
die stofwisseling vertonen. Ontstekingsprocessen (zonder bacteriën) en infectieprocessen 
(met bacteriën) vertonen beide een verhoogde opname van FDG. De PET-scan laat alleen een 
verhoogde opname zien en maakt geen onderscheid tussen een ontsteking of een infectie. 
Elke operatie gaat gepaard met een (goedaardige) ontsteking en dit kan een fout positieve 
reactie geven op de PET-scan. De normale manier waarop een niet-geïnfecteerde vaatprothese 
FDG opneemt, is onbekend. Deze kennis is echter essentieel om te kunnen beoordelen op 
welke manier een geïnfecteerde prothese FDG opneemt. In hoofdstuk 4 wordt aangetoond 
dat de FDG opname patronen van niet-geïnfecteerde en geïnfecteerde vaatprotheses grote 
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overlap vertonen. Hieruit kan men concluderen dat de PET-scan onvoldoende in staat is om 
effectief onderscheid te maken in niet-geïnfecteerde en geïnfecteerde vaatprotheses. In 
hoofdstuk 5 wordt de waarde van 4 vaak gebruikte parameters (Maximum Systemic Uptake 
Value (SUVmax), Tissue to Background Ratio (TBR), Visual Grading Scale (VGS) en focaliteit 
van FDG opname), ter beoordeling van de beelden van een PET-scan, bestudeerd. Geen van 
deze waarden blijkt geschikt te zijn om efficiënt de diagnose AGI te stellen. Dit is in lijn met de 
conclusie uit hoofdstuk 4. 
De chirurgische behandeling van AGI bestaat uit twee delen: het verwijderen van al het 
geïnfecteerde weefsel (waarbij meestal ook (een deel van) de prothese zelf verwijderd wordt) en 
het herstellen van de bloedvoorziening naar de benen. Het verwijderen van het geïnfecteerde 
weefsel is meestal het meest ingrijpende deel van de operatie. Hierdoor ontstaat  aanzienlijk 
chirurgische schade en krijgen de benen lange tijd geen slagaderlijk bloed. Een belangrijk deel 
van de patiënten met AGI is niet in staat om een dergelijke ingreep te ondergaan en heeft 
baat bij een zo beperkt mogelijke operatie. In hoofdstuk 8 worden de resultaten van een 
beperkte chirurgische benadering van blootliggende, geïnfecteerde vaatprotheses in de lies 
gepresenteerd. Vacuum Assisted Closure (vacuüm therapie, VAC) zorgt voor negatieve druk op 
een wondoppervlak. Deze negatieve druk heeft een positieve werking op de wondgenezing. 
Door het plaatsen van VAC zou wondgenezing bewerkstelligd kunnen worden zonder dat de 
(geïnfecteerde) prothese verwijderd hoeft te worden. Bij het plaatsen van VAC direct op een 
blootliggende vaatprothese worden in de literatuur echter (levensbedreigende) bloedingen 
beschreven. In hoofdstuk 8 wordt een aangepaste VAC techniek gepresenteerd waarmee 
in 87% van de gevallen de wond succesvol genas. Er traden geen bloedingscomplicaties op. 
Bij het toepassen van de VAC techniek om een geïnfecteerde vaatprothese te behouden, is 
antibiotica echter essentieel om de resterende infectie te onderdrukken. 
Zoals hiervoor genoemd is het verwijderen van het geïnfecteerde weefsel een essentieel 
onderdeel van de behandeling van AGI. Het meeste onderzoek is echter gedaan naar de 
manieren waarop de bloedvoorziening naar de benen hersteld kan worden. In hoofdstuk 6 
worden deze verschillende manieren besproken. Van oudsher wordt de bloedvoorziening naar 
de benen hersteld door het plaatsen van een nieuwe prothese buiten de buik. Deze prothese 
wordt net onder de huid geplaatst en loopt meestal van een slagader onder het sleutelbeen 
tot de slagader in de lies. Deze zogenaamde extra-anatomische bypass heeft echter een 
grote kans om op termijn op te stollen. Daarbij is de plaatsing van een extra-anatomische 
bypass geassocieerd met een grote kans op amputatie van een ledemaat. Hierdoor heeft 
het tegenwoordig de voorkeur om een in-situ prothese te plaatsen (hoofdstuk 7). Bij een in-
situ reconstructie wordt de oude geïnfecteerde prothese verwijderd en vervangen door een 
nieuw (kunst) bloedvat. Deze komt op precies dezelfde plaats te liggen als de oude en dus in 
ontstoken/geïnfecteerd gebied. Een in-situ reconstructie kan worden gedaan met verschillende 
soorten materialen: lichaamseigen materiaal (een ader), kunststof of een getransplanteerde 
slagader. De belangrijkste conclusie uit hoofdstuk 6 en 7 is dat elk in-situ materiaal zijn voors 
en tegens heeft en dat de keuze voor het type reconstructie afhangt van anatomische details, 
patiënt karakteristieken en de beschikbaarheid van het materiaal. Lichaamseigen materiaal 
is niet altijd beschikbaar. Bijvoorbeeld omdat de aderen te klein zijn of al eerder gebruikt. 
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Transplantatie slagaders zijn in Nederland niet voorhanden. Een belangrijk deel van de 
patiënten met een in-situ reconstructie krijgt daarom een kunststof in-situ slagader. Om de 
kans op re-infectie te verkleinen wordt deze kunststof slagader behandeld met antimicrobiële 
middelen. Antibiotica en zilver zijn de meest gebruikte manieren om een antimicrobiële 
vaatprothese te creëren. Zilver wordt in veel medische toepassingen gebruikt. Het is een veilig 
element en kan met een tijdelijke of permanente verbinding op een vaatprothese worden 
aangebracht. Bij de tijdelijke verbinding verdwijnt het zilver in de loop van een week maar bij 
een permanente verbinding is na een jaar nog minstens 98% van het zilver aanwezig op de 
prothese. In hoofdstuk 9 worden twee patiënten besproken. Beide patiënten ontwikkelden 
een nooit eerder gerapporteerde complicatie waarbij zilver in een permanente verbinding 
met een vaatprothese heeft geleid tot een lokale zilver vergiftiging. Bij beide patiënten is de 
zilverprothese uiteindelijk succesvol chirurgisch verwijderd. Hoofdstuk 9 illustreert dat er een 
balans is tussen biologische activiteit en toxiciteit. Om de antimicrobiële activiteit verder te 
verhogen, kunnen zilverprotheses worden gedrenkt in antibiotica. In hoofdstuk 10 wordt de 
eerste succesvolle operatie beschreven waarbij een zilverprothese, gedrenkt in antibiotica 
(rifampicine), succesvol is gebruikt om een patiënt met AGI te behandelen. 

De voornaamste conclusies uit dit proefschrift zijn
-  De klinische symptomen van AGI zijn erg divers en de routine diagnostische- en 

behandelingsprotocollen verschillen tussen ziekenhuizen. 
- De 2 jaars incidentie van primaire reconstructies van de aorta is 4,5%
-  De normale FDG opname patronen van niet-geïnfecteerde en geïnfecteerde vaatprotheses 

vertonen een grote overlap. 
-  De waarde van de FDG-PET scan bij het stellen van de diagnose AGI is nog niet vastgesteld. 
- De chirurgische behandeling van patiënten met AGI moet individueel bepaald worden. 
-  Vacuüm therapie is een minimaal invasieve behandelingsoptie waarmee succesvol een 

blootliggende, geïnfecteerde vaatprothese in de lies kan worden behandeld. 
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en Marianne ons zo vaak uit de brand hebt geholpen. Het is heerlijk om te zien hoe je geniet 
van Quintijn en Jilles. Lieve papa, ik hou van je! 

Lieve Quintijn en Jilles, mijn mooie jongens. Wat geniet ik van jullie enthousiasme en 
levensvreugde. Wat is het heerlijk om jullie ontdekkingreis door de wereld mee te mogen 
maken. Jullie zijn het mooiste cadeau dat ik ooit heb gekregen en de beste zoons die een vader 
zich mag wensen. Jullie zijn de toekomst en die is mooi. 

Lieve Quintijn, mijn Binkie, mijn grote stoere kerel. Jij valt het leven aan met zoveel energie. Je 
bent een rots van eerlijkheid en kracht. Als dit een glimp is van de man die je zult worden dan 
maak je me nog trotser dan ik nu al ben. Ik hou van je uit het diepst van mijn hart. 

Lieve Jilles, mijn Snoeks, mijn buitenkindje, mijn dartele vrolijke mannetje. Jij maakt van het 
leven een feestje en een spelletje. Papa mag daar een voorbeeld aan nemen. Verander nooit! 
Ik hou van je uit het diepst van mijn hart. 

Lieve Berber, mijn lieve maatje. Dit boekje is voor jou. Jij bent met recht mijn alles. Dank je wel 
voor je onvoorwaardelijke liefde en steun, je balans en dat je me beter kent dan ik zelf. We zijn 
een fantastisch team. We gaan nu een nieuw avontuur tegemoet maar met jou kan ik de hele 
wereld aan. Je was al zo mooi maar je wordt steeds mooier. Bertje ik hou van je. 
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