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Management of the prosthetic vascular graft infections —
the influence of predictive factors on treatment results
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Abstract: Background: This prospective non-randomized single center study evaluated the predictive signifi-
cance of various factors to the treatment outcomes of the prosthetic vascular graft infections.

Methods: 46 patients with the prosthetic vascular graft infection underwent the treatment. The prosthesis ex-
tirpation was performed in 37 cases. The extra-anatomical reconstruction was implanted in 18 and the in situ
reconstruction in 12 patients. In 9 patients, only local treatment was applied. The influence of the preoperative
factors (patient's age, type of primary procedure, type of infection, positive hemoculture, diabetes mellitus,
comorbidity, C-reactive protein, leucocytosis, repeated interventions) on the result of the treatment was evalu-
ated with the multivariate analysis.

Results: On the 30 day, the postoperative mortality was 23.9 %. One and three years after the treatment, 72.1
and 57.8 % of patients, respectively, survived. C-reactive protein above 90 mg/l (Wilcoxon test p<0.02, Log-
rank test p<0.01), and leucocytosis >13x10%I (Wilcoxon test p<0.0001, Log-rank test p<0.0004) were signifi-
cant factors for patients morbidity and mortality. There were no preoperative factors with a statistically signifi-
cant cut-off value which should be important for the long-term graft patency.

Conclusion: C-reactive protein and leucocytosis are simple preoperative predictive markers of the treatment
results of the prosthetic vascular graft infections. An early and aggressive diagnostic and therapeutic procedure
is recommended in patients with the pre-operative levels of CRP higher than 90 mg/l and leucocytosis of

13x10%I (Tab. 5, Fig. 3, Ref. 30). Full Text (Free, PDF) www.bmj.sk.
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Prosthetic vascular graft infections (PVGI) are the most se-
rious complications in vascular surgery, with high rates of mor-
bidity and mortality. 30 years ago, the mortality of PVGI was
higher than 50 %, and 50—75 % of patients experienced a loss of
limb. The sophisticated methods in the treatment of patients with
lower extremity ischemia, as well as thorough antibiotic pro-
phylaxis of primary vascular and endovascular procedures,
changed the incidence of infections after the vascular reconstruc-
tions, which is now relatively low (0.5-5 %) (1, 2). However,
15-30 % of patients with PVGI still experience the loss of limb,
and 20—40 % of patients die within 1 year of the occurrence of
PVGI (3, 4).

The aim of the prospective non-randomized study was to
evaluate the significance of preoperative prognostic factors for
morbidity and mortality in patients with PVGI. This study also
provides the current management of prosthetic vascular graft
infection.
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Material and methods

Between January 1, 2001 and December 12, 2007, a total of
46 patients with PVGI were admitted to the Department of Sur-
gery, University Hospital in Pilsen. The average age of the pa-
tients was 60.7+£9.4 years, and the men — women ratio was 5:1.
The primary procedures were aortofemoral or bifemoral recon-
structions (end to side central anastomoses) in 16 cases, femoro-
popliteal reconstructions in 25 cases and profundoplasties or
extra-anatomical reconstructions in 5 cases. All procedures were
performed in patients with peripheral arterial occlusive disease,
no patient suffered from aneurysm. The period from the primary
intervention to the occurrence of infection was on average 2.7+4.1
years. There were no infections during the first hospital stay af-
ter the primary vascular reconstruction. At the time of admis-
sion, 28 infected reconstructions (60.8 %) were functional,
whereas 18 reconstructions (39.1 %) were thrombosed. The in-
fection process involved the proximal (central) part of aorto-
femoral or bifemoral grafts in 9 cases. In the remaining cases,
the graft infection was localised peripherally (Table 1). Forty
one (89.1 %) patients had symptoms of PVGI. Symptoms of
PVGI were atypical in 5 (10.9 %) patients (Table 2). The dia-
gnosis of PVGI was established by patient history, clinical ex-
amination, laboratory tests (C-reactive protein, leucocytosis),
microbiologic profile, ultrasonography (USG), computed tomo-

Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition



Tab. 1. Demographic data.
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Tab. 3. Treatment of the prosthetic vascular graft infections (n=46).

January 1, 2000—December 1, 2007

n=46

Average age: 60.7+9.4 years

Ratio men : women 5:1

Primary vascular reconstruction: aorto-(bi)femoral n=16
femoropopliteal n=25

others n=>5
Central part of aorto/(bi)femoral graft n=9
Peripheral graft infection n=37

Time from the primary reconstruction to the infection: 2.7+4.1 years
Functional infected reconstructions: n=28 (60.8 %)
Thrombosed infected reconstructions: n=18 (39.1 %)

Tab. 2. Symptoms of prosthetic vascular graft infections (n=46).

Symptomatic graft infections:
Wound inflammation:
Anastomotic pseudoaneurysm:
Groin fistula:

n=41 (89.1 %)
n=13 (28.3 %)
n=11(23.9 %)
n=9 (19.6 %)

Aorto-enteric fistula: n=4 (8.7 %)
Bleeding: n=2 (4.3 %)
Septical embolization: n=2 (4.3 %)

Sepsis: n=21 (45.7 %)

Atypical presentation: n=>5 (10.9 %)
Dyspepsia, pain, fatigue, weight loss

graphy (CT) and magnetic resonance imaging (MRI). In the last
few years, we have used also the pozitron emmission tomogra-
phy (PET CT) for the diagnosis of PVGI. The digital subtraction
angiography (DSA) or computed tomography angiography
(CTAG) were performed in all patients indicated for reoperation.
Bacterial culture was available in 37 of 46 patients. Gram-posi-
tive organisms (Staphylococcus aureus, epidermidis, Methicil-
lin-resistant Staphylococcus aureus) were detected most often,
followed by Gram-negative organisms (Enterobacter, Pseudo-
monas, Escherichia coli). No patient was treated by antibiotics
before (< 3 days interval) hospital admission due to symptoms
of graft infection. All the patients were treated empirically with
antibiotics after admission, and after the evaluation of the infec-
tion agent they were treated according to the sensitivity. The
antibiotics were applied for the minimum period of 3—6 months.
We performed an extirpation of the prosthesis in 37 patients
(80.4 %), extra-anatomical reconstruction in 18 patients (39.1 %)
and in situ reconstruction in 12 patients (26.1 %), using an au-
tologous vein, polytetrafluorethylene prosthesis (PTFE), silver
impregnated prosthesis or fresh allograft. The main criteria for
using the extra-anatomical or in situ reconstruction were based
on the extent of infection, bacteriology and patient’s health sta-
tus. In situ reconstructions were performed in grafts infected by
Staphylococcus epidermidis, as well as in some Gram-positive
and Gram-negative organisms, Samson grade 3 classification,
and good health status. For the extra-anatomical reconstruction,
PTFE or silver impregnated prostheses were used. The autolo-
gous vein, fresh allograft or silver impregnated prostheses were

Type n % Simultaneous  Staged

Extirpation + EAR 18 39.1

19 (63.3 %) 11 (36.7 %)
Extirpation + ISR~ 12 26.1
Extirpation WR 7 15.2 - -

Local treatment 9 19.6 - -

Legend: EAR — extraanatomical reconstruction, ISR — in situ reconstruction,
WR — without reconstruction

used for the in situ reconstructions. A new reconstruction was
performed at the time of prosthesis extirpation in 19 patients
(63.3 %), and later in 11 patients (36.7 %). In 9 patients (19.6 %),
we had to repeat the procedure. In 9 patients (19.6 %), we ap-
plied only local therapy of an early infection (most commonly in
the inguinal area) (Tab. 3). The mean follow up was 2.1 year.

For the results of the therapy (end point — patient’s death or
high amputation of the limb, graft occlusion), we evaluated the
following factors: patient’s age, type of primary procedure, type
of infection (gram positive, gram negative, mixed type), central
or peripheral type of infection, positive hemoculture, diabetes
mellitus, other comorbidity (malignancy, chronic pancreatitis),
C-reactive protein (CRP), leucocytosis, repeated interventions.
We did not evaluate the influence of the chosen secondary pro-
cedure on the result of the treatment, as we followed a strictly
individual approach according to his/her clinical condition and
laboratory results.

A statistical analysis was performed with CRAN 2.4.0. For
the measured parameters in the whole group and in individual
subgroups, basic statistical data were calculated, such as aver-
age, standard deviation, variance, median, inter-quartile range,
minimum, maximum. In order to determine the differences be-
tween the monitored parameters, a chi-squared test and Fisher’s
exact test were used, and the Odds Ratio was calculated, too. In
order to determine the dependence of the assessed characteris-
tics on the distributions of these variables, the Spearman’s cor-
relation coefficient was used. The influence of individual cova-
riates on the length of survival was assessed with the Kaplan-
-Meier’s survival estimates and Cox’s regression model (the
Hazard Ratio was computed, too). The test of association, the
log-rank test and Wilcoxon test were used for the comparisons
of covariates in given groups and subgroups. A multivariate
analysis was performed with the Stepwise logistic regression and
Cox’s regression model (stepwise regression).

Results

The average period of hospitalization for patients with PVGI
was 19.5 days (6—69 days). We had to perform a high amputa-
tion of the limb in 8 patients (17.4 %). 11 patients died (23.9 %)
— 6 of sepsis, 3 of hemorrhagic shock and 2 of pulmonary embo-
lism. Pelvic reconstruction (Wilcoxon test, p<0.06, Hazard ra-
tio 16.3) was of borderline significance for the result of the treat-
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Fig. 1. The influence of the admission value of C-reactive protein on the high amputation and mortality (red — CRP >90 mg/l, black —

CRP <90 mg/l).
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Fig. 2. The influence of the admission value of leukocytes on the high amputation and mortality (red — leukocytes >13x10%1, black — leuko-

cytes <13x10°/1).

ment (end point — patient’s death or a high amputation of the
limb). Preoperative serum level of CRP >90 mg/l (Wilcoxon
p<0.02, Log-rank test p<0.01) (Fig. 1), and leucocytosis higher
than 13x10%1 (Wilcoxon, p<0.0001, Log-rank test, p<0.0004)
(Fig. 2, Tab. 4), were statistically significant for the high ampu-
tation and mortality of patients. The age of patients, type of in-
fection, positivity of hemoculture, diabetes mellitus or other
comorbidity (tumors, chronic pancreatitis), the time from the
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primary reconstruction to the occurrence of infection and repeated
intervention were statistically non-significant factors for patients,
morbidity and mortality. Using the multivariate Cox‘s regres-
sion model, we evaluated that the pre-operative level of leuco-
cytes above 13x10°1 (Hazard ratio 8.4, p<0.002) was statisti-
cally highly significant for the patient mortality, as it increases
the risk of death 8.4 times. There were no preoperative factors
with a statistically significant cut-off value, which should be



Treska V et al. Management of the prosthetic vascular graft...

Tab. 4. The influence of individual factors on treatment results (end point-high amputation, mortality).

Kaplan-Meier Cox Hazard model
Factor Cut off value Log-rank test (p<) Wilcoxon test (p<) Hazard ratio p<
Age 56 0.07 0.07 3.87 0.08
AF (ABF) x FP x others - 0.09 0.06 16.3 0.01
Central x peripheral type - 0.07 0.11 3.17 0.09
of infection
Staphylococcal infection - 0.97 0.97 0.92 091
G + infection - 0.56 0.60 0.68 0.57
G — infection - 0.83 0.91 1.15 0.83
Mixed infection - 0.34 0.69 1.88 0.35
Positive hemoculture - 0.71 0.65 0.74 0.72
Leukocytosis 13x 109 0.0001 0.0004 9.35 0.001
C-reactive protein 90 0.01 0.02 4.40 0.02
Diabetes mellitus - 0.16 0.14 0.26 0.20
Comorbidities - 0.26 0.18 2.13 0.27
Infection interval (years) 0.24 0.14 0.27 2.98 0.16
Repeated interventions - 0.51 0.51 - 0.99

Tab. 5. The influence of individual factors on graft patency in the follow-up period.

Kaplan-Meier Cox Hazard model

Factor Cut off value Log-rank test (p<) Wilcoxon test (p<) Hazard ratio Chi-square test (p<)
Age 56 0.07 0.07 3.87 0.09
AF (ABF) x FP x others - 0.10 0.15 0.35 0.12
Central x peripheral infection - 0.08 0.12 3.17 0.09
Staphylococcal infection - 0.90 0.82 0.92 0.91
G + infection - 0.56 0.60 0.68 0.57
G — infection - 0.83 0.91 1.15 0.83
Mixed infection - 0.34 0.70 1.88 0.35
Positive hemoculture - 0.71 0.65 0.74 0.71
Leukocytosis 13x 109 0.08 0.08 4.35 0.09
C-reactive protein 90 0.10 0.12 2.40 0.15
Diabetes mellitus - 0.16 0.14 0.26 0.20
Comorbidities - 0.26 0.18 2.13 0.27
Infection interval (years) 0.24 0.14 0.27 2.98 0.16
Repeated interventions - 0.51 0.51 Cannot be Cannot be

computed computed

important for the long-term graft patency (Tab. 5). 72.1 % of
patients with a functional reconstruction survive 1 year after the
treatment, and 57.8 % of patients survive 3 years (Fig. 3).

Discussion

PVGI may occur any time after the performance of the pri-
mary vascular reconstruction. The median of this period was 3
years, with 70 % of PVGI coming later than 1 year after the pri-
mary vascular reconstruction.

In 1972, Szilagyi (4) first divided PVGI, in simple form, into
3 degrees, according to their clinical severity. The first degree
included infections affecting the dermis, the second included
subcutaneous tissue and the third degree included infections af-
fecting the vascular prosthesis. In 1983, Bunt (5) divided infec-
tions of the aortic vascular reconstructions according to the pres-
ence of the aortoenteric fistula. In 1988, Samson modified
Szilagyi,s classification into 5 degrees and proposed a manage-
ment of PVGI (6). In 1990, Bandyk (7) classified PVGI accord-
ing to the presence of various kinds of microorganisms, and in
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Fig. 3. Survival of patients with functional reconstruction.

1995, Goeau-Brissonniere (8) divided PVGI in relation to their
occurrence from the primary vascular reconstruction into early
infections, occurring within 3 months from the primary vascular
reconstruction, and late infections, occurring later than 3 months
from the date of the primary reconstruction.

Factors causing a predisposition to the occurrence of a PVGI
are following: failure to observe basic conditions of asepsis dur-
ing vascular reconstruction with direct contamination of the vas-
cular prosthesis; incorrect indication for vascular reconstruction
of patients with an infection in the organism; urgent vascular
reconstruction (trauma, rupture of aneurysm); time-consuming
surgical procedures; repeated procedures or, in some cases, Si-
multaneous procedures in the abdominal cavity (e.g. procedures
on the gastrointestinal tract). Vascular reconstructions with im-
plants of vascular prosthesis in the inguinal area are more sus-
ceptible to infections, compared with intra-abdominal reconstruc-
tions. Vascular reconstructions on limbs where necrosis (gan-
grene) is present are also susceptible to infection, particularly in
diabetics or patients with an immunity disorder.

From the microbiological point of view, PVGI are caused by
a wide spectrum of microorganisms. For the early PVGI, highly
virulent groups are typical, such as Staphylococcus aureus, Ente-
robacter, Klebsiella, Pseudomonas, Proteus, Escherichia coli, Sal-
monella (9). At present, a major problem for early PVGI repre-
sents methicillin resistant Staphylococcus aureus (MRSA), van-
comycin resistant Enterococcus (VRE) and pseudomonas infec-
tions (high grade infections), since there is a high morbidity and
mortality of the affected patients (10). For the late PVGI, Sta-
phylococcus epidermis is a typical agent (low grade infection),
which is often characterised by a long-term symbiosis with the
host before clinical manifestation of the infection. In patients with
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a reduced immunity for various reasons, serious mycotic graft in-
fections may occur (Candida, Mycobacterium, Aspergillus) (11).
The symptoms of PVGI are various. Early PVGI show local
manifestations, such as swelling, inflammation or fistula, par-
ticularly in inguinal area, bleeding or false aneurysm, aortoenteric
fistula, thrombosis of vascular reconstruction, or peripheral em-
bolization. Early PVGI are usually accompanied by general symp-
toms of infections. Late PVGI have very weak symptoms, ex-
pressed mainly by local signs of infection — false aneurysm,
thrombosis of reconstruction, bleeding (particularly in aortoenteric
fistula). Most cases of late PVGI have no general symptoms.

In the present era of endovascular procedures it is also nec-
essary to mention this sphere of the vascular surgery, which is
and will continue to be burdened by the occurrence of infec-
tions, as is the case of open vascular reconstructions. In 2005, 15
cases of endovascular stent or stent graft infections were reported,
out of which 3 ended in the death of the patient (12). The main
etiopathogenetic agents were Staphylococcus aureus and Staphy-
lococcus epidermis. The symptoms were localized pain in the
area of the implanted stent, swelling, inflammation of the af-
fected limb, often accompanied by general symptoms of infec-
tion. The cause of patient death was mostly rupture of the af-
fected artery, followed by a massive bleeding.

The basic diagnostic indicators, apart from clinical exami-
nation and patients history, are increased levels of leukocytes
and CRP, sedimentation and positive bacteriological culture from
the site of the vascular infection, and a positive hemoculture.
USG with findings of the accumulation of fluid around the vas-
cular reconstruction and false aneurysm in anastomosis, as well
as CT and MRI have a high sensitivity (around 95 %) and speci-
ficity (about 55 %) for PVGI (13, 14). Suspected PVGI on CT or



MRI can be identified by a free prosthesis with no signs of heal-
ing in the surrounding tissue, by the accumulation of fluid with
gas bubbles around the vascular reconstruction, tissue swelling
around the reconstruction and false aneurysm in anastomosis.
The advantage of CT or USG is the possibility of the aspiration
of the liquid around the vascular reconstruction for subsequent
bacteriological examination. Using the above mentioned exami-
nations, in the absence of clinical manifestation, it is difficult to
distinguish the early PVGI from post-operative changes, simple
hematoma and the presence of gas after surgery, which is regis-
tered in about 15 % of the patients. If, however, the accumula-
tion of fluid, possibly with gas bubbles, lasts more than 3 months
even in a clinically silent manifestation, we have to consider the
presence of PVGI (15). Other examination methods include PET
CT and scintigraphy with leukocytes marked with gallium or
indium. However, this examination has a high number of false
positive results, particularly in the first 6 weeks after the vascular
reconstruction (16).

Basically, there are three surgical possibilities in the treat-
ment of PVGI (17). The first is the excision of the infected re-
construction with a large-scale debridement of the infected tis-
sue without making a new reconstruction. This method is pos-
sible only in patients who, as a result of PVGI, have developed
thrombosis of the reconstruction, which is bridged with a suffi-
cient collateral circulation. Even then is this method burdened
with a high number of amputations (33—36 %), and is used at
the least of all surgical procedures. The second method, so called
,gold standard‘, consists of the excision of the PVGI together
with the infected tissue and the replacement with an extra-ana-
tomical reconstruction (or vice versa). The remaining question
is the order of the procedures. It is possible either to perform a
simultaneous procedure, which means a PVGI excision and the
immediate establishment of an extra-anatomical reconstruction
(or vice versa), or a so-called staged procedure with an interval
of 2—4 days between the excision of the reconstruction and the
revascularization (18, 19). On the basis of our experience, we
prefer the simultaneous treatment. The staged procedure was
originally chosen in order to minimize a re-infection of the new
vascular reconstruction, but clinical results did not support this
intention. A certain advantage of this procedure is the shorter
duration of surgery and the reduced number of transfusions. The
disadvantage of the procedure, particularly in PVGI in the aortic
area, is the risk of the aortic stump insufficiency, with a massive,
often fatal, bleeding. Another particular disadvantage, mainly in
infections of the abdominal aortic area, where the axillo-bifemoral
reconstruction has been established, is its considerably lower
long-term function compared to the anatomic reconstruction. The
third method is the excision of the PVGI with a large-scale de-
bridement of the infected tissue, and simultaneous in situ recon-
struction. The advantage of the in situ reconstruction is its good
long-term function, but the disadvantage is a high percentage of
the prosthetic graft reinfections (in >20 % cases). In our proce-
dures, we also use the so-called local treatment, particularly in
infections localized in the wound on the limb that do not reach
the vascular reconstructions. In a number of patients, a complete
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debridement of the wound, applying a bactericidal solution com-
presses, turned out to be the right choice. Therapeutic proce-
dures in PVGI must not be generalized, as every patient with a
PVGI requires a strictly individual approach in order to select
the best therapeutic procedure.

There are several choices of vascular reconstructions, par-
ticularly the in situ reconstructions with a risk of the reinfection.
In peripheral reconstructions, an autologous vein (most often vena
saphena magna or vena femoralis) is considered, as it is gener-
ally the most resistant to the reinfection. Another possibility is
to use arterial or venous allografts (20), fresh or cryopreserved.
At present, fresh allografts are preferred. From the long-term
point of view, the cryopreserved grafts have a high percentage
of complications (stenoses, dilations, thromboses and so on).
Another possibility is in impregnated, so-called infection resis-
tant, prostheses. The prostheses are impregnated either with an-
tibiotics (Rifampicin) or with silver (21, 22, 23). The disadvan-
tages of the rifampicin impregnated vascular prostheses are fol-
lowing: a very rapid development of resistance in Staphylococ-
cus aureus and Staphylococcus epidermidis, low sensitivity to
MRSA and Escherichia coli, a reduction of antibiotic concentra-
tion in the prosthesis with time. All these disadvantages are ob-
solete in the prostheses impregnated with silver, which also dem-
onstrate a very good healing ability in tissue. We use the silver
impregnated prostheses (Silver Graft, BBraun,Germany) in our
group. However, only the long-term results will show the contri-
bution of these so-called impregnated prostheses in the area of
PVGI. At present, there is no optimal vascular prosthesis for
PVGI in repeated procedures that would meet the conditions for
long-term function and high resistance to infections.

Together with surgical therapy of the vascular reconstruc-
tion infections, treatment with antibiotics must be applied (24).
At first, the antibiotic treatment is empirical, based on antibiot-
ics effective in staphylococcal and Gram-negative microbes (for
example, flucloxacilin, dicloxacillin, first generation of cepha-
losporins, vancomycin, rifampicin, clindamycin, linezolid), but
they must be changed immediately to a targeted antibiotic treat-
ment after sensitivity has been determined. The antibiotic treat-
ment must be long-term, with a minimum of 4—6 weeks, intra-
venous, and with a subsequent oral therapy for the period of 3—6
months. Some authors recommend a lifelong antibiotic treatment
(25, 26).

Prognosis of patients with PVGI depends upon various fac-
tors. Recent literature data (27, 28, 29, 30) deal all with the in-
fluence of the type of vascular reconstruction (in situ, extra-ana-
tomical), graft material (vein, allograft, PTFE, Rifampin or Sil-
ver-soaked grafts) and timing of reoperation on treatment re-
sults. Our prospective non-randomized study is the first study in
the literature dealing with the influence of some factors on ad-
mission that could have a predictive significance for prognosis
of patients with PVGI. To the statistical analysis we chose fac-
tors, which were simply determinable during the admission of
patients. The preoperative level of CRP and the number of leu-
kocytes in particular were very significant factors influencing
the result of PVGI treatment. The infections of the pelvic recon-
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structions (central type infections) were of bordeline significance
for the result of the therapy.

Conclusion

Our study demonstrates the high importance of the admis-
sion levels of CRP and the leucocytosis for patient’s morbidity
and mortality. An early and aggressive diagnostic and therapeu-
tic procedure is recommended in patients with the pre-operative
levels of CRP higher than 90 mg/l and leucocytosis of 13x10%/1.
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