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Abstract

Objective: Little is known about optimal management of prosthetic vascular graft infections, which are a rare but serious
complication associated with graft implants. The goal of this study was to compare and characterize these infections with
respect to the location of the graft and to identify factors associated with outcome.

Methods: This was a retrospective study over more than a decade at a tertiary care university hospital that has an
established multidisciplinary approach to treating graft infections. Cases of possible prosthetic vascular graft infection were
identified from the hospital’s infectious diseases database and evaluated against strict diagnostic criteria. Patients were
divided into groups according to the locations of their grafts: thoracic-aortic, abdominal-aortic, or peripheral-arterial.
Statistical analyses included evaluation of patient and infection characteristics, time to treatment failure, and factors
associated specifically with cure rates in aortic graft infections. The primary endpoint was cure at one year after diagnosis of
the infection.

Results: Characterization of graft infections according to the graft location did show that these infections differ in terms of
their characteristics and that the prognosis for treatment seems to be influenced by the location of the infection. Cure rate
and all-cause mortality at one year were 87.5% and 12.5% in 24 patients with thoracic-aortic graft infections, 37.0% and
55.6% in 27 patients with abdominal-aortic graft infections, and 70.0% and 30.0% in 10 patients with peripheral-arterial graft
infections. In uni- and multivariate analysis, the type of surgical intervention used in managing infections (graft retention
versus graft replacement) did not affect primary outcome, whereas a rifampicin-based antimicrobial regimen was associated
with a higher cure rate.

Conclusions: We recommend that future prospective studies differentiate prosthetic vascular graft infections according to
the location of the grafts and that rifampicin-based antimicrobial regimens be evaluated in clinical trials involving vascular
graft infections caused by staphylococci.
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Introduction

Although a prosthetic vascular graft infection (PVGI) is a rare

complication that occurs in 1–6% of patients after graft

implantation, it is associated with a high mortality rate (up to

75%) and a major amputation rate that can be as high as 70%

(range 1–70%) [1–5]. There is little available information with

respect to optimal surgical and antimicrobial approaches to the

management of PVGI. Current recommendations for treating

PVGI are based mainly on small case series and expert opinion

[6,7].

The traditional approach to managing PVGI has been surgical

removal of the infected prosthetic vascular graft with extra-

anatomic bypass revascularization. Recently, alternative surgical

approaches such as in situ graft replacement [1,8–16] or graft

retention with thorough debridement have been more commonly

used, in particular in patients with thoracic-aortic and peripheral-

arterial PVGI [6,17,18]. In the published literature to date,

removal and replacement of the graft is still considered the

standard surgical approach in most patients with PVGI [19–25].

Unfortunately, prospective studies that compare the various

surgical treatment strategies are lacking [6,7]. Antimicrobial
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therapy, as an essential adjunct to the surgical management of an

infection, also has not been studied systematically. The duration of

antimicrobial therapy can range from 11 days to more than a year

or even to lifelong suppressive therapy [26–28].

The goal of this retrospective study was to compare and

characterize these infections with respect to the location of the

grafts and to find treatment factors associated with a beneficial

clinical outcome. The overall goal of the study was achieved in

terms of establishing, that the location of a graft does influence the

characteristics and treatment outcomes for PVGI, and that

rifampicin-based antimicrobial regimens might be independently

associated with a higher cure rate.

Methods

Study Population and Study Conduct
The setting for this study was a 700-bed tertiary care university

hospital in northern Switzerland that serves a regional population

of approximately 400,000. Interdisciplinary management of

patients with a PVGI is standard practice at this hospital: an

infectious disease specialist recommends the appropriate antimi-

crobial treatment, and the attending surgeon determines the need

for and type of appropriate surgical intervention. In this study, we

retrospectively analyzed PVGI treatment methods and outcomes

over a period of almost 12 years, from January 1, 2001, through

August 2012, for all patients $18 years of age who had been

diagnosed with an aortic PVGI or a peripheral-arterial PVGI.

Cases of PVGI were identified from entries in the hospital’s

infectious diseases database. Then related clinical and laboratory

data were extracted from the hospital’s electronic and written

medical records and independently assessed for completeness by

an infectious disease specialist. If follow-up data were missing for

patients, either the patient or the mentoring doctor was contacted

by telephone to obtain the necessary information. We excluded

from the study patients whose infections did not meet the study

definition of a PVGI, patients for whom outcome data were

insufficient, and patients who had hemodialysis-shunt graft

infections. The primary endpoint was a cure at one year after

diagnosis of the PVGI. Secondary endpoints were a cure by the

conclusion of antimicrobial treatment, all-cause and graft-related

early mortality (#30 days after diagnosis of the infection), and all-

cause and graft-related mortality #1 year after diagnosis of the

PVGI.

The cantonal Ethics Committee of Basel (EKBB), Switzerland,

approved this study (number 263/11). No informed consent had to

be given by participants for their clinical records to be used in this

retrospective study. Patient records were anonymized and de-

identified prior to analysis.

Definitions
In the absence of an internationally accepted definition for a

PVGI, we adapted the Centers for Disease Control and

Prevention (CDC) definitions of organ-space surgical site infections

corresponding to Group 3 of the Szilagyi classification and the

definitions by Legout et al. [4,29,30]. We considered a patient to

have a PVGI if, at a minimum, one of the following criteria were

met: (a) the patient had a microorganism isolated that was

aseptically obtained from a biopsy or swab of the immediate area

around the graft, (b) there was histopathological or radiological

evidence of an infection involving the graft and the surrounding

tissue, or (c) the patient had continuous bacteremia in the presence

of a graft with no other apparent focus of infection. Continuous

bacteremia was defined as $2 blood cultures with the same

pathogen obtained at different times. When potential contami-

nants such as coagulase-negative staphylococci or Propionibacte-
rium acnes were present, the infection had to meet either criterion

(a) or criterion (b).

Aortic PVGI were divided into two groups: infections of the

ascending or descending thoracic aorta and infections of the

abdominal aorta with or without iliac-femoral involvement.

Peripheral PVGI were defined as infections affecting infra-inguinal

arterial grafts.

Cure was defined as the absence of clinical signs of infection

(temperature #38.5uC; and in the case of a peripheral-arterial

graft, no local inflammation), normal graft function (no infection-

related bleeding, ischemia distal of the graft or major amputation),

the absence of radiological evidence of infection (no fluid or air

collection around the graft or other evidence of infection as

determined by a radiologist), normal levels of inflammation

parameters (C-reactive protein #10 mg/l and a white-blood cell

count of 42126109/l). Treatment failure was defined as the

presence of any of the above-mentioned signs of infection without

an obvious alternative explanation for them (e.g., increase in

inflammation parameters after being in the normal range due to a

urinary tract infection at follow-up).

Empirical antibiotic therapy was defined as the first antibiotic

given with suspicion of infection. Targeted therapy was defined as

antibiotic treatment directed against the isolated microorganisms

following susceptibility testing. Adequate therapy was defined as

any antibiotic treatment efficacious against the detected organism

according to susceptibility testing.

Statistical Analysis
Basic socio-demographic characteristics, concurrent medical

conditions, surgical procedures, and antimicrobial treatments were

compared using the Chi-Square or Fisher’s exact test for

categorical variables and the Mann-Whitney test for continuous

variables. Cox regression was used to investigate factors associated

with outcomes at one year after diagnosis of the infection in

patients who had an aortic PVGI. The time to treatment failure

was determined by using Kaplan-Meier estimates and the groups

were compared using the log-rank test. The statistical software

STATA version 11 (StataCorp LP, Texas, USA) was used for all

analyses. A p-value #0.050 was considered significant.

Results

Patient’s Characteristics and Clinical Presentations
During the time period covered by the study, 72 patients were

identified in the infectious diseases database as possibly having a

PVGI (Figure 1). Of these, a total of 11 patients were excluded

from the study, 5 because their infections did not meet the study

criteria for a PVGI, 1 because there was insufficient outcome data,

and 5 because they had hemodialysis-shunt graft infection. The

remaining 61 patients with a confirmed PVGI were included in

the analysis. In 24 of the analyzed 61 patients, the site of the

infection was a thoracic graft (18 of whom with a composite graft

and heart valve replacement); in 27 patients, the site of the

infection was an abdominal graft (21 an aorto-iliac graft, 6 a graft

confined to the abdominal aorta); and in 10 patients, the site of the

infection was a peripheral graft. Two patients had an endoluminal

graft replacement (1 of them a thoracic graft, and 1 of them an

abdominal-iliac graft). In 47 patients, the reason for initially

implanting a prosthetic vascular graft was an aneurysm (46 aortic

grafts; 1 peripheral graft). In 11 patients, the reason for the graft

implant was an occlusive arterial disease (3 aortic grafts; 8

peripheral grafts). In the remaining three patients, the reason for
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the graft implant was an abscess, a paravalvular leak in another

patient and a severe aortic stenosis in the third patient.

There were some statistically significant differences between the

groups of patients (Table 1). Patients with a thoracic PVGI were

younger (median age 58 years, interquartile range [IQR] 48–65)

and were less likely to have a concurrent cardiovascular disease

(45.8%) than patients with an abdominal or a peripheral PVGI

(p,0.001 and p = 0.007, respectively). Patients with an abdominal

PVGI had more often required an early revision (,24 hours after

primary graft implantation) of the original graft (37.0%) than had

patients with a thoracic or a peripheral PVGI (8.3% and 10.0%,

respectively; p = 0.034).

The time period until development of graft infection after

implantation typically was ,2 months. At the time of diagnosis,

44.3% of all patients had a fever .38.5uC. Local signs of infection

were reported most often in patients with peripheral PVGI

(erythema in 50.0% and ischemia in 40.0% of these patients).

Wound discharge was reported in 19.7% of all patients. The

median C-reactive protein level for all patients was 143 mg/l

(IQR 78–239).

In 12 out of 35 patients with periprosthetic fluid or air detected

on a computed tomography scan, the examination was performed

.2 months after primary graft implantation. Additionally, in 5

patients with a thoracic PVGI an echocardiography was suggestive

for a PVGI 8–52 days after primary graft implantation. Four

patients with an abdominal PVGI had an aorto-enteric fistula; one

patient with a thoracic PVGI presented with an aorto-bronchial

fistula.

Microbiological Data
The infecting microorganism was identified in 60 (98.4%) of the

61 patients in the study (Table 1). Of these 60 patients, 48 (80.0%)

had one or more swabs or biopsies from the infected peri-graft

area that documented microbial growth, 19 of whom also had

positive blood cultures with the same microorganism. In 12

patients (9 of whom had thoracic PVGI), a positive blood culture

was the only microbiological evidence of infection. In one patient

for whom there was no microbiological confirmation of infection,

the diagnosis of a thoracic PVGI was based on clinical signs of

infection and radiological evidence from a series of positron

emission tomography–computed tomography (PET-CT) scans

that showed persistent fluid collection and hypermetabolism

around the graft.

The frequency with which any particular causative microbio-

logical agent was associated with a PVGI varied according to the

location of the graft. Staphylococci were predominant in thoracic

and peripheral PVGI. Of note, only one out of 14 Staphylococcus
aureus isolates was methicillin-resistant in patients with a PVGI.

Polymicrobial infections were frequently identified in patients with

Figure 1. Comparison of primary and secondary outcomes in the treatment of prosthetic vascular graft infection. PVGI = prosthetic
vascular graft infection. *p-value = 0.006. {p-value = 0.001. `p-value = 0.004. 1p-value = 0.012. **Removal or replacement of the infected vascular
graft. {{No surgical intervention; antimicrobial treatment only.
doi:10.1371/journal.pone.0112947.g001
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Table 1. Comparison of patient characteristics and clinical presentation with respect to graft location in patients with prosthetic
vascular graft infection.*

Variable
Thoracic-Aortic PVGI
(n = 24)

Abdominal-Aortic PVGI
(n = 27)

Peripheral-Arterial PVGI
(n = 10) p-Value{

Patient Characteristics at the Time of Graft Infection

Median age in years 58 (IQR 48–65) 70 (IQR 66–76) 74 (IQR 57–78) ,0.001

Male patients, n 21 (87.5%) 25 (92.6%) 7 (70.0%) 0.202

Median BMI in kg/m2 27 (IQR 24–28) 25 (IQR 23–28) 25 (IQR 20–27) 0.622

Patients with a ICU stay, n 9 (37.5%) 11 (40.7%) 3 (30.0%) 0.938

Cardiovascular disease`, n 11 (45.8%) 18 (66.7%) 10 (100%) 0.007

Diabetes mellitus, n 4 (16.7%) 5 (18.5%) 1 (10.0%) 0.823

COPD, n 4 (16.7%) 8 (29.6%) 3 (30.0%) 0.533

Renal impairment1, n 5 (20.8%) 13 (48.1%) 1 (10.0%) 0.037

Complications at the Time of Graft Implantation

Open graft implantation, n patients 23 (95.8%) 26 (96.3%) 10 (100%) 0.813

Emergency surgery, n patients 5 (20.8%) 7 (25.9%) 3 (30.0%) 0.791

Early graft revision ,24 hours, n patients 2 (8.3%) 10 (37.0%) 1 (10.0%) 0.034

Blood transfusions, n patients 9 (37.5%) 10 (37.0%) 2 (20.0%) 0.631

Intubation .24 hours, n patients 5 (20.8%) 4 (14.8%) 0 (0.0%) 0.399

Onset of Graft Infection

Median time from graft implant to diagnosis of
infection in days

37 (IQR 11–131) 40 (IQR 6–440) 15 (IQR 6–26) 0.538

Early onset of infection (#4 months after graft
implant), n patients

18 (75.0%) 15 (55.6%) 8 (80.0%) 0.384

Late onset of infection (.4 months after graft
implant), n patients

6 (25.0%) 12 (44.4%) 2 (20.0%) 0.384

Signs and Symptoms of Graft Infection

Fever .38.5uC, n patients 12 (50.0%) 12 (44.4%) 3 (30.0%) 0.620

Erythema, n patients 3 (12.5%) 1 (3.7%) 5 (50.0%) 0.003

Wound discharge, n patients 5 (20.8%) 4 (14.8%) 3 (30.0%) 0.521

Bleeding, n patients 1 (4.2%) 2 (7.4%) 1 (10.0%) 0.802

Ischemia, n patients 1 (4.2%) 4 (14.8%) 4 (40.0%) 0.029

Severe sepsis, n patients 1 (4.2%) 4 (14.8%) 0 (0.0%) 0.372

Median white cell count as n6109/l 11.3 (IQR 9.4–19.5) 11.9 (IQR 8.3–23.5) 9.9 (IQR 8.2–18.2) 0.918

Median C-reactive protein in mg/l 102 (IQR 53–174) 172 (IQR 107–261) 95 (IQR 47–198) 0.042

A CT scan that showed fluid or air around the graft
prosthesis, n patients

20 (83.3%) 13 (48.2%) 2 (20.0%) 0.001

A positive blood culture**, n patients 15 (62.5%) 13 (48.1%) 3 (30.0%) 0.210

A positive tissue culture{{, n patients 14 (58.3%) 24 (88.9%) 10 (100%) 0.040

Microbiological Characteristics: Patients with a identified microorganism``

Staphylococcus aureus11, n 4 (16.7%) 6 (22.2%) 4 (40.0%) 0.362

Coagulase-negative staphylococci, n 8 (33.3%) 3 (11.1%) 5 (50.0%) 0.030

Propionibacterium acnes, n 5 (20.8%) 0 (0.0%) 0 (0.0%) 0.015

Enterococcus spp., n 5 (20.8%) 11 (40.7%) 2 (20.0%) 0.257

Escherichia coli, n 0 (0.0%) 4 (14.8%) 0 (0.0%) 0.068

Pseudomonas aeruginosa, n 1 (4.2%) 1 (3.7%) 1 (10.0%) 0.717

Enterobacter spp., n 1 (4.2%) 8 (29.6%) 1 (10.0%) 0.041

Proteus mirabilis, n 1 (4.2%) 1 (3.7%) 0 (0.0%) 0.813

Klebsiella spp., n 0 (0.0%) 2 (7.4%) 0 (0.0%) 0.272

Stenotrophomonas maltophilia, n 0 (0.0%) 2 (7.4%) 0 (0.0%) 0.272

Serratia marcescens, n 0 (0.0%) 0 (0.0%) 1 (10.0%) 0.075

Morganella morganii, n 0 (0.0%) 1 (3.7%) 0 (0.0%) 0.527

Anaerobic bacteria, n 2 (8.3%) 10 (37.0%) 1 (10.0%) 0.243
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abdominal PVGI (66.7%), comprising mainly gram-negative and

anaerobic bacteria, enterococci and Candida spp.

Surgical and Antimicrobial Therapy
Surgical intervention was used to treat PVGI in 49 (80.3%) of

the patients (Table 2). Of these, 32 patients (65.3%) required two

or more operations. The most common technique was debride-

ment with graft retention (35 patients, 57.4%). Primary graft

removal or replacement was used in 14 patients (22.9%). In four of

the 14 patients for whom the original graft was removed, the

surgery also involved an extra-anatomical bypass. Two of these

were patients with abdominal PVGI (7.4% of all abdominal graft

infections), and two were patients with peripheral PVGI (20.0% of

all peripheral graft infections). In the ten patients with a in situ

graft replacement, either cryopreserved homografts or Dacron

grafts were used—cryopreserved homografts in two patients with

thoracic PVGI and in three patients with abdominal PVGI,

Dacron grafts in four patients with thoracic PVGI and in one

patient with an abdominal PVGI. Additional vacuum-assisted

local therapy was used in 16 patients (26.2%) and plastic surgery

with a muscle flap in 7 patients (11.5%).

At one year after diagnosis among patients who had peripheral

PVGI, there had been one patient with infection-related graft

failure (limb ischemia without need for amputation) and three

patients (30.0%) for whom amputation had been necessary, two of

them requiring limb (major) amputation and the third a less

radical (minor) amputation.

All 61 patients received antimicrobial therapy (Table 2). Of

these, 12 (19.7%) had not had any surgical intervention and were

treated only with antibiotics. Empirical antimicrobial therapy was

adequate in 96.7% and consisted of a beta-lactam antibiotic in 56

patients (91.8%). In the 49 patients with a combined medico-

surgical treatment, the median time interval from start of empirical

antimicrobial therapy to surgical graft revision was 0.0 days (IQR -

1.0–5.5 days). The time interval from initiation of empirical

antimicrobial therapy to surgical graft revision did not differ

significantly between the 2 surgical treatment groups (p = 0.440;

debridement versus graft removal/replacement).

For the targeted treatment, a biofilm-active antibiotic treatment

was given whenever possible: A rifampicin-based combination was

used in 45.9% of the 61 patients for treating mainly Staphylococ-
cus-related infections. A ciprofloxacin-based regimen was used in

36.1% of the 61 patients for treating gram-negative infections.

All ten patients who had received antibiotic treatment for more

than six months were cured at one year after diagnosis of the

infection (5 cases of thoracic PVGI, 4 cases of abdominal PVGI, 1

case of a peripheral PVGI). The reason for prolonged treatment in

60.0% of these patients was that the infection was a polymicrobial

in nature, often including Candida spp. (40%), and a complicated

treatment course with several hospitalizations (70%). The 33

patients who had aortic PVGI and had survived to at least one

year after diagnosis of the infection had received antimicrobial

therapy for a median total duration of 92 days (IQR 60–191).

Eight of these patients had not had any surgical intervention and

had been treated with antibiotics only. For them, the median total

duration of antimicrobial therapy was prolonged (171 days; IQR

64–278). After completion of an antimicrobial therapy regimen,

treatment failed in only three of patients, all of them with an

abdominal PVGI.

Outcome
The overall one-year cure rate in the study was 62.3%

(Figure 1). The treatment outcome varied according to the

location of the graft (p = 0.001), the best outcomes occurring in

patients with thoracic PVGI (a one-year cure rate of 87.5%),

followed by patients with peripheral PVGI (70.0%) and then by

patients with abdominal PVGI (37.0%). All-cause 30-day mortality

among patients with abdominal PVGI was 33.3%, and their all-

cause mortality at one-year after diagnosis of an infection was

55.6%. In patients with thoracic PVGI, all-cause 30-day mortality

was 4.2% and all-cause mortality at one year was 12.5%. In

patients with peripheral PVGI, all-cause 30-day mortality was

0.0% and all-cause mortality at one year was 30.0%.

Treatment failure usually occurred within the first 3 months

after diagnosis of the infection, and in case of an abdominal PVGI,

frequently happened within the first month after diagnosis

(Figure 2). When treatment for a PVGI failed, it was always fatal

except in the case of two patients with abdominal PVGI who

survived, one with a persistent abscess and one with an aorto-

duodenal fistula.

Uni- and multivariate analyses of variables in this study with

respect to all 51 aortic PVGI (both thoracic and abdominal) and

the related outcomes (Table 3) show that increasing age and

abdominal PVGI with iliac-femoral graft involvement were

associated with a poor outcome (hazard ratio [HR] 0.33; 95%

CI 0.15–0.74; [p = 0.007] and HR 0.07; 95% CI 0.02–0.32;

[p = 0.001], respectively), that neither graft retention (HR 0.46;

Table 1. Cont.

Variable
Thoracic-Aortic PVGI
(n = 24)

Abdominal-Aortic PVGI
(n = 27)

Peripheral-Arterial PVGI
(n = 10) p-Value{

Candida spp., n 1 (4.2%) 10 (37.0%) 0 (0.0%) 0.003

Patients with polymicrobial infections, n 5 (20.8%) 18 (66.7%) 4 (40.0%) 0.004

PVGI = prosthetic vascular graft infection; IQR = interquartile range; BMI = body mass index; COPD = chronic obstructive pulmonary disease; ICU = intensive care
unit; CT = computed tomography.
*Percentages and IQR values indicate relationship to the total number of patients within each respective group, not to the total number of patients included in the
study.
{A p-value #0.050 was considered significant.
`Defined as the total number of patients with a medical history of peripheral arterial occlusive disease, coronary heart disease, or cerebrovascular disease.
1Defined as an estimated glomerular filtration rate ,60 ml/min/1.73 m2 at the time of PVGI diagnosis.
**There had been no blood cultures drawn for three patients with a thoracic PVGI and for three patients with a peripheral PVGI.
{{Defined as swabs or biopsies taken from the infected peri-graft areas whose cultures showed microbial growth.
``Numbers (%) refer to patients with a specific pathogen isolated; multiple microorganisms per patient were possible. The causative microorganism was identified in
blood cultures or in tissue cultures from surgical site for 60 (98.4%) of the 61 patients in the study.
11One out of 14 Staphylococcus aureus isolates was methicillin-resistant.
doi:10.1371/journal.pone.0112947.t001
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95% CI 0.14–1.50; p = 0.20) nor graft replacement (HR 0.87;

95% CI 0.23–3.26; p = 0.84) was associated with treatment failure.

The only factor positively associated with a higher cure rate in uni-

and multivariate analysis was treatment with a rifampicin-based

antimicrobial regimen in patients with aortic PVGI (in multivar-

iate analysis; HR 6.88; 95% CI 1.33–35.4; p = 0.021).

Discussion

Analysis of graft infections according to the locations of the

associated grafts showed that these infections differ in terms of

their clinical, microbiological and outcome characteristics. Patients

who underwent graft-preserving surgery did not seem to have a

worse outcome than patients whose graft was removed. Our data

have to be interpreted with caution because of the heterogeneity of

the patient population and the retrospective design of the study.

However, another recent prospective cohort study did also find

that in 54 patients with aortic PVGI there was no difference in

outcome with respect to vascular graft removal versus graft

preservation (in-hospital mortality was 22.2% in both groups) [4].

It’s also been reported that graft-preserving strategies have proven

successful in recent studies, especially in patients with poor

physiologic reserve, composite valve graft infections, and a sternal

infection with secondary involvement of the graft [17,31,32]. In

contrast, Maze et al. reported a high mortality rate of 59%

(median 40 months) in 17 patients with abdominal PVGI treated

with graft retention [33].

The one-year all-cause 35.3% mortality rate for patients with

aortic PVGI in our study corresponds to other published mortality

rates of 15–59% for this type of infection [19–24,33], although

many of the other studies were quite small, provided mostly in-

hospital mortality rates, and did not distinguish between the

different locations of the PVGI. This study shows that patients

with abdominal PVGI in particular tended to have unfavorable

long-term outcomes, and patients with thoracic PVGI tended to

have significantly better outcomes. This observation can be partly

explained by the fact that patients with abdominal PVGI

frequently had renal impairment (48.1%), which has been shown

to be a predictor of treatment failure in PVGI [34]. In addition,

abdominal PVGI was often the result of an intra-abdominal,

polymicrobial infection (e.g. due to bowel ischemia and perfora-

Table 2. Comparison of therapies for prosthetic vascular graft infections with respect to the location of the graft.*

Variable
Thoracic-Aortic
PVGI (n = 24)

Abdominal-Aortic
PVGI (n = 27)

Peripheral-Arterial
PVGI (n = 10) p-Value{

Graft Infection Therapies

Graft removal or replacement and antimicrobial
therapy, n patients

6 (25.0%) 6 (22.2%) 2 (20.0%) 0.588

Debridement with graft retention and antimicrobial
therapy, n patients

12 (50.0%) 18 (66.7%) 5 (50.0%)

Antimicrobial therapy only, n patients 6 (25.0%) 3 (11.1%) 3 (30.0%)

Surgical Therapies

Median number of surgical revisions per patient` 1 (range 1–5) 2 (range 1–10) 2 (range 1–6) 0.193

Vacuum-assisted closure1, n patients 5 (20.8%) 9 (33.3%) 2 (20.0%) 0.630

Plastic surgery with muscle flap, n patients 2 (8.3%) 3 (11.1%) 2 (20.0%) 0.668

Empirical Antimicrobial Therapies

Amoxicillin-clavulanate or flucloxacillin, n patients 8 (33.3%) 6 (22.2%) 7 (70.0%) 0.022

Piperacillin-tazobactam or carbapenem, n patients 9 (37.5%) 19 (70.4%) 2 (20.0%)

Ceftriaxone, n patients 3 (12.5%) 1 (3.7%) 1 (10.0%)

Vancomycin, n patients 4 (16.7%) 1 (3.7%) 0 (0.0%)

Adequate empirical therapy**, n patients 24 (100%) 26 (96.3%) 9 (90.0%) 0.303

Biofilm-active Antimicrobial Therapies

Rifampicin-based, n patients 16 (66.7%) 5 (18.5%) 7 (70.0%) 0.001

Ciprofloxacin-based, n patients 8 (33.3%) 10 (37.0%) 4 (40.0%) 0.940

Antimicrobial Therapy in Patients Alive at One Year after Diagnosis

Median duration in days of antimicrobial therapy{{ 92 (IQR 67–175) 91 (IQR 52–246) 46 (IQR 39–76) 0.023

Patients who switched from an intravenous antimi-
crobial regimen to an oral antimicrobial regimen``, n

11 (52.4%) 5 (41.7%) 5 (71.4%) 0.531

Median time in days between start of intravenous
antimicrobial regimen and the switch to an oral regimen

42 (IQR 13–58) 34 (IQR 21–52) 19 (IQR 15–37) 0.320

PVGI = prosthetic vascular graft infection; IQR = interquartile range
*Percentages, IQR values, and ranges indicate relationship to the total number of patients within each respective group, not to the total number of patients included in
the study.
{A p-value #0.050 was considered significant.
`In patients with at least one surgical revision of their graft.
1Application of negative pressure to the local wound environment using a sealed foam dressing connected to a vacuum pump.
**Adequate empirical therapy according to the susceptibility testing of the respective isolated pathogen.
{{Total duration of both empirical and pathogen-specific antimicrobial therapy.
``Percentages apply to the total number of patients who were alive at one year within each respective group.
doi:10.1371/journal.pone.0112947.t002
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tion), whereas thoracic PVGI was frequently a result of a surgical

site infection caused by less virulent skin bacteria such as

coagulase-negative staphylococci. As a consequence, empirical

antimicrobial treatment for thoracic PVGI should cover mainly

gram-positive bacteria, whereas in the case of abdominal PVGI

broad-spectrum antibiotics covering gram-negative and anaerobic

bacteria are mandatory.

Figure 2. Comparison of time to treatment failure in different types of prosthetic vascular graft infections. Infections are compared
with respect to the location of the prosthetic vascular graft using Kaplan-Meier estimates.
doi:10.1371/journal.pone.0112947.g002

Table 3. Predictors of cure at one year in 51 patients with aortic prosthetic vascular graft infections.*

Variable Univariate Analysis Multivariate Analysis{

HR 95% CI p-Value` HR 95% CI p-Value`

Age1 0.33 0.15–0.74 0.007 0.45 0.19–1.11 0.083

Female gender 0.96 0.15–6.35 0.970 — — —

Location of the Graft

Thoracic 1 — — — — —

Abdominal, with no
iliac-femoral graft involvement

0.14 0.02–1.06 0.057 — — —

Abdominal with
iliac-femoral graft involvement

0.07 0.02–0.32 0.001 0.24 0.05–1.16 0.076

Intubation .24 hours 0.44 0.10–1.91 0.276 — — —

Early surgical graft revision ,24 hours after implantation 1.30 0.42–4.03 0.645 — — —

Polymicrobial infection 0.72 0.23–2.24 0.573 1.93 0.41–9.13 0.405

Type of Surgical Treatment

Graft retention and debridement 0.46 0.14–1.50 0.196 — — —

Graft replacement 0.87 0.23–3.26 0.842 0.89 0.15–5.31 0.899

Local Surgical Therapy Associated with Graft Revisions/Replacements

Vacuum-assisted closure 0.54 0.16–1.88 0.335 — — —

Plastic surgery 0.96 0.15–6.35 0.970 — — —

Antimicrobial Therapy

Antimicrobial regimen that included rifampicin 7.85 1.90–32.45 0.004 6.88 1.33–35.4 0.021

HR = hazard ratio; CI = confidence interval; PVGI = prosthetic vascular graft infection.
*Aortic prosthetic vascular graft infections diagnosed in 51 patients in this single-center study of PVGI over a period of almost 12 years.
{Multivariate analysis adjusted for age of patient, location of the aortic graft, graft replacement, presence of a polymicrobial infection, and the use of rifampicin in the
antibiotic regimen.
`A p-value #0.050 was considered significant.
1Each 10-year increment of increase in age is associated with a 0.33 risk of less favorable treatment outcome.
doi:10.1371/journal.pone.0112947.t003
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A conservative treatment plan with antimicrobial treatment

only and no surgical intervention was used in 9 of the patients with

an aortic PVGI (17.6%). Of these patients, 5 had a thoracic

composite valve PVGI that was caused by a low virulent pathogen

(coagulase-negative staphylococci or propionibacteria) and had

received prolonged antimicrobial therapy over a period of .6

months, leading to a successful cure rate of 90%. This outcome

differs from other studies in which a treatment strategy without

surgery was reported to be a risk factor for failure in aortic PVGI

[35] and might reflect a difference in how patients were selected

for surgery or antimicrobial treatment regimens.

Most treatment failure in patients with aortic PVGI in this study

occurred within the first three months after diagnosis of the

infection. This may mean that prolonged antibiotic treatment for

more than three months or as lifelong suppressive therapy might

not actually be necessary on a routine basis for all patients as had

been suggested in other studies [26–28]. The one therapy found to

be positively associated with a better outcome in this study was the

administration of a rifampicin-based antimicrobial regimen in

patients with aortic PVGI. The benefit of rifampicin might be

relevant primarily in biofilm-producing gram-positive pathogens,

as has been shown to be the case for prosthetic joint infections

[36,37]. Both in vitro studies and animal studies have shown

rifampicin-coated grafts to be effective in the treatment (in situ

replacement) and prevention of a PVGI, but results of clinical

studies have been inconclusive [1,12,38–45]. Legout et al.

demonstrated in a recent observational study a potential benefit

of rifampicin-containing regimens in staphylococcal PVGI [34]. In

our population, only one out of 14 Staphylococcus aureus isolates

was methicillin-resistant. Outcome might be worse in populations

with a high rate of PVGI caused by S. aureus, especially

methicillin-resistant S. aureus, as has been previously shown for

patients with infra-inguinal PVGI [46].

The strength of this study is that to the best of our knowledge it

is the first large series that uses strict diagnostic criteria and

compares the outcomes with respect to different surgical and

antibiotic treatment modalities for this rare infectious complica-

tion. Limitations of the study are due to its retrospective design.

First, direct comparison of the different surgical and antimicrobial

treatment strategies has to be interpreted with caution because the

patient groups were small as well as heterogeneous. Second,

surgical management might have changed over the study period

with a tendency toward more graft-preserving techniques. Third,

the small sample size for patients who had been diagnosed with

peripheral PVGI prevented adequate statistical analysis of this

group.

In conclusion, abdominal-aortic, thoracic-aortic, and peripheral

PVGI are three quite distinct clinical entities and the prognosis for

treatment of a PVGI seems to be influenced by the location of the

PVGI. Therefore, we are recommending that future prospective

studies focus on analyzing PVGI on a site-specific basis and that

rifampicin-based antimicrobial regimens be evaluated in clinical

trials involving graft infections caused by staphylococci.

Acknowledgments

We thank the study participants and Dr. Reno Frei, head of the Division of

Clinical Microbiology at the University Hospital Basel, for their help with

this project.

This work is part of the M.D. thesis of Jan A. Sidler, supervised by Prof.

Manuel Battegay, Medical Faculty, University of Basel, Switzerland. Sigrid

Strom, Seattle, WA, edited and proofread the manuscript.

Author Contributions

Analyzed the data: LE JAS. Wrote the paper: SE JAS LE MB AFW MW.

Created and revised the study protocol and questionnaires: SE JAS LE LG

MB AFW MW. Created the figures and tables: LE JAS. Critically revised

the manuscript: SE JAS LE LG MB AFW MW. Concurred with the

submission: SE JAS LE LG MB AFW MW.

References

1. O’Connor S, Andrew P, Batt M, Becquemin JP (2006) A systematic review and

meta-analysis of treatments for aortic graft infection. J Vasc Surg 44: 38–45.

2. O’Hara PJ, Hertzer NR, Beven EG, Krajewski LP (1986) Surgical management

of infected abdominal aortic grafts: review of a 25-year experience. J Vasc Surg

3: 725–731.

3. Kieffer E, Sabatier J, Plissonnier D, Knosalla C (2001) Prosthetic graft infection

after descending thoracic/thoracoabdominal aortic aneurysmectomy: manage-

ment with in situ arterial allografts. J Vasc Surg 33: 671–678.

4. Legout L, Sarraz-Bournet B, D’Elia PV, Devos P, Pasquet A, et al. (2012)

Characteristics and prognosis in patients with prosthetic vascular graft infection:

a prospective observational cohort study. Clin Microbiol Infect 18: 352–358.

5. Legout L, D’Elia PV, Sarraz-Bournet B, Haulon S, Meybeck A, et al. (2012)

Diagnosis and management of prosthetic vascular graft infections. Med Mal

Infect 42: 102–109.

6. Darouiche RO (2004) Treatment of infections associated with surgical implants.

N Engl J Med 350: 1422–1429.

7. Leroy O, Meybeck A, Sarraz-Bournet B, d’Elia P, Legout L (2012) Vascular

graft infections. Curr Opin Infect Dis 25: 154–158.

8. Yeager RA, Taylor LM Jr, Moneta GL, Edwards JM, Nicoloff AD, et al. (1999)

Improved results with conventional management of infrarenal aortic infection.

J Vasc Surg 30: 76–83.

9. Batt M, Jean-Baptiste E, O’Connor S, Bouillanne PJ, Haudebourg P, et al.

(2008) In-situ revascularisation for patients with aortic graft infection: a single

centre experience with silver coated polyester grafts. Eur J Vasc Endovasc Surg

36: 182–188.

10. Oderich GS, Bower TC, Cherry KJ Jr, Panneton JM, Sullivan TM, et al. (2006)

Evolution from axillofemoral to in situ prosthetic reconstruction for the

treatment of aortic graft infections at a single center. J Vasc Surg 43: 1166–1174.

11. Valentine RJ (2001) Diagnosis and management of aortic graft infection. Semin

Vasc Surg 14: 292–301.

12. Bandyk DF, Novotney ML, Johnson BL, Back MR, Roth SR (2001) Use of

rifampin-soaked gelatin-sealed polyester grafts for in situ treatment of primary

aortic and vascular prosthetic infections. J Surg Res 95: 44–49.

13. Batt M, Magne JL, Alric P, Muzj A, Ruotolo C, et al. (2003) In situ

revascularization with silver-coated polyester grafts to treat aortic infection: early

and midterm results. J Vasc Surg 38: 983–989.

14. Herscu G, Wilson SE (2009) Prosthetic infection: lessons from treatment of the

infected vascular graft. Surg Clin North Am 89: 391–401, viii.

15. Calligaro KD, Veith FJ, Schwartz ML, Goldsmith J, Savarese RP, et al. (1994)

Selective preservation of infected prosthetic arterial grafts. Analysis of a 20-year

experience with 120 extracavitary-infected grafts. Ann Surg 220: 461–469;

discussion 469–471.

16. Garot M, Delannoy PY, Meybeck A, Sarraz-Bournet B, d’Elia P, et al. (2014)

Intra-abdominal aortic graft infection: prognostic factors associated with in-

hospital mortality. BMC Infect Dis 14: 215.

17. Coselli JS, Koksoy C, LeMaire SA (1999) Management of thoracic aortic graft

infections. Ann Thorac Surg 67: 1990–1993; discussion 1997–1998.

18. Nakajima N, Masuda M, Ichinose M, Ando M (1999) A new method for the

treatment of graft infection in the thoracic aorta: in situ preservation. Ann

Thorac Surg 67: 1994–1996; discussion 1997–1998.

19. Lawrence PF (2011) Conservative treatment of aortic graft infection. Semin Vasc

Surg 24: 199–204.

20. Ducasse E, Calisti A, Speziale F, Rizzo L, Misuraca M, et al. (2004) Aortoiliac

stent graft infection: current problems and management. Ann Vasc Surg 18:

521–526.

21. Heyer KS, Modi P, Morasch MD, Matsumura JS, Kibbe MR, et al. (2009)

Secondary infections of thoracic and abdominal aortic endografts. JVIR 20:

173–179.

22. Blanch M, Berjon J, Vila R, Simeon JM, Romera A, et al. (2010) The

management of aortic stent-graft infection: endograft removal versus conserva-

tive treatment. Ann VAsc Surg 24: 554 e551–555.

23. Setacci C, De Donato G, Setacci F, Chisci E, Perulli A, et al. (2010)

Management of abdominal endograft infection. J Cardiovasc Surg 51: 33–41.

24. Saleem BR, Berger P, Zeebregts CJ, Slart RH, Verhoeven EL, et al. (2008)

Periaortic endograft infection due to Listeria monocytogenes treated with graft

preservation. J Vasc Surg 47: 635–637.

Prosthetic Vascular Graft Infections

PLOS ONE | www.plosone.org 8 November 2014 | Volume 9 | Issue 11 | e112947



25. de Donato G, Setacci F, Galzerano G, Ruzzi U, Borrelli MP, et al. (2014)

Prosthesis infection: prevention and treatment. J Cardiovasc Surg [Epub ahead
of print].

26. Nevelsteen A, Lacroix H, Suy R (1995) Autogenous reconstruction with the

lower extremity deep veins: an alternative treatment of prosthetic infection after
reconstructive surgery for aortoiliac disease. J Vasc Surg 22: 129–134.

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

28. Baddour LM (2001) Long-term suppressive antimicrobial therapy for intravas-

cular device-related infections. Am J Med Sci 322: 209–212.
29. Horan TC, Andrus M, Dudeck MA (2008) CDC/NHSN surveillance definition

of health care-associated infection and criteria for specific types of infections in
the acute care setting. Am J Infect Control 36: 309–332.

30. Szilagyi DE, Smith RF, Elliott JP, Vrandecic MP (1972) Infection in arterial
reconstruction with synthetic grafts. Ann Surg 176: 321–333.

31. Hargrove WC 3rd, Edmunds LH Jr (1984) Management of infected thoracic

aortic prosthetic grafts. Ann Thorac Surg 37: 72–77.
32. Akowuah E, Narayan P, Angelini G, Bryan AJ (2007) Management of prosthetic

graft infection after surgery of the thoracic aorta: removal of the prosthetic graft
is not necessary. J Thorac Cardiovasc Surg 134: 1051–1052.

33. Maze MJ, Laws P, Buckenham T, Pithie A, Gallagher K, et al. (2013) Outcomes

of infected abdominal aortic grafts managed with antimicrobial therapy and
graft retention in an unselected cohort. Eur J Endovasc Surg 45: 373–380.

34. Legout L, Delia P, Sarraz-Bournet B, Rouyer C, Massongo M, et al. (2014)
Factors predictive of treatment failure in staphylococcal prosthetic vascular graft

infections: a prospective observational cohort study: impact of rifampin. BMC
Infect Dis 14: 228.

35. Saleem BR, Meerwaldt R, Tielliu IF, Verhoeven EL, van den Dungen JJ, et al.

(2010) Conservative treatment of vascular prosthetic graft infection is associated
with high mortality. Am J Surg 200: 47–52.

36. Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE (1998) Role of
rifampin for treatment of orthopedic implant-related staphylococcal infections: a

randomized controlled trial. Foreign-Body Infection (FBI) Study Group. JAMA

279: 1537–1541.

37. Zimmerli W, Trampuz A, Ochsner PE (2004) Prosthetic-joint infections.

N Engl J Med 351: 1645–1654.

38. Cirioni O, Mocchegiani F, Ghiselli R, Silvestri C, Gabrielli E, et al. (2010)

Daptomycin and rifampin alone and in combination prevent vascular graft

biofilm formation and emergence of antibiotic resistance in a subcutaneous rat

pouch model of staphylococcal infection. Eur J Vasc Endovasc Surg 40: 817–

822.

39. Gao H, Sandermann J, Prag J, Lund L, Lindholt JS (2012) Rifampicin-soaked

silver polyester versus expanded polytetrafluoro-ethylene grafts for in situ

replacement of infected grafts in a porcine randomised controlled trial.

Eur J Vasc Endovasc Surg 43: 582–587.

40. Gahtan V, Esses GE, Bandyk DF, Nelson RT, Dupont E, et al. (1995)

Antistaphylococcal activity of rifampin-bonded gelatin-impregnated Dacron

grafts. J Surg Res 58: 105–110.

41. Colburn MD, Moore WS, Chvapil M, Gelabert HA, Quinones-Baldrich WJ

(1992) Use of an antibiotic-bonded graft for in situ reconstruction after prosthetic

graft infections. J Vasc Surg 16: 651–658; discussion 658–660.

42. Hayes PD, Nasim A, London NJ, Sayers RD, Barrie WW, et al. (1999) In situ

replacement of infected aortic grafts with rifampicin-bonded prostheses: the

Leicester experience (1992 to 1998). J Vasc Surg 30: 92–98.

43. Torsello G, Sandmann W, Gehrt A, Jungblut RM (1993) In situ replacement of

infected vascular prostheses with rifampin-soaked vascular grafts: early results.

J Vasc Surg 17: 768–773.

44. Aboshady I, Raad I, Shah AS, Vela D, Dvorak T, et al. (2012) A pilot study of a

triple antimicrobial-bonded Dacron graft for the prevention of aortic graft

infection. J Vasc Surg 56: 794–801.

45. Stewart AH, Eyers PS, Earnshaw JJ (2007) Prevention of infection in peripheral

arterial reconstruction: a systematic review and meta-analysis. J Vasc Surg 46:

148–155.

46. Chalmers RT, Wolfe JH, Cheshire NJ, Stansby G, Nicolaides AN, et al. (1999)

Improved management of infrainguinal bypass graft infection with methicillin-

resistant Staphylococcus aureus. Brit J Surg 86: 1433–1436.

Prosthetic Vascular Graft Infections

PLOS ONE | www.plosone.org 9 November 2014 | Volume 9 | Issue 11 | e112947


