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Abstract
Background—Prosthetic graft infection is a major complication of peripheral vascular surgery.
We investigated our institution’s experience over ten years with bypass grafts involving the
femoral artery to determine the incidence and risk factors for prosthetic graft infection.

Methods—A retrospective cohort single institution review of prosthetic bypass grafts involving
the femoral artery from 2001–2010 evaluated patient demographics, body mass index,
comorbidities, indications, location of bypass, type of prosthetic material, case urgency, previous
ipsilateral bypass or percutaneous interventions; and evaluated the incidence of graft infections,
amputations, and mortality.

Results—There were 496 prosthetic grafts identified with a graft infection rate of 3.8% (n=19) at
a mean follow-up of 27 months. Multivariable analysis shows that redo bypass (HR 5.8, 95% CI
2.2–15.0), active infection at time of bypass (HR 5.2, 95% CI 1.9–14.2), female gender (HR 4.5,
95% CI 1.6–12.7), and diabetes mellitus (HR 4.6, 95% CI 1.5–14.3) were significant predictors of
graft infection. Graft infection was predictive of major lower extremity amputation (HR 9.8, 95%
CI 3.5–27.1) as was preoperative tissue loss (HR 4.7, 95% CI 1.8–11.9). Graft infection did not
predict long term mortality, however chronic renal insufficiency (HR 2.3, 95% CI 1.6–3.4), tissue
loss (HR 1.4, 95% CI 1.0–1.9), and active infection (HR 2.3, 95% CI 1.6–3.4) did. Infected grafts
were removed 79% of the time. Staphylococcus epidermidis (37%) and Methicillin-sensitive
Staphylococcus aureus (26%) were the most common pathogens isolated.

Conclusions—Redo-bypass, female gender, diabetes, and active infection at time of bypass are
associated with a higher risk for prosthetic graft infection and major extremity amputation, but do
not confer an increased risk of mortality. Autologous vein for lower extremity bypass and
endovascular interventions should be considered when feasible in high-risk patients.

Introduction
Surgical site infections after lower extremity bypass are common and potentially serious
complications that can carry a high morbidity.1 Predictors of surgical site infections after
surgical bypass include obesity, diabetes, poor preoperative functional status, a history of
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smoking, and female gender.2, 3 These surgical site infections occasionally lead to graft
infection with rates of post-operative amputation and mortality as high as 52% and 58%
respectively having been reported.4 These prosthetic graft infections are not infrequent with
a reported incidence of up to 4.7%.5 Aside from the adverse effect on the patient, post-
operative vascular surgical infections significantly contribute to health care costs, as they
often require additional procedures and a lengthier inpatient stay.6 Reported treatments
include removal of the graft as well as graft preservation with the use of vacuum assisted
closure (VAC) devices, with or without muscle flap coverage.4, 7–9 Recently the trend has
been to move away from graft removal with the latter options more commonly employed.7–9

There are several previous studies looking at infectious complications after bypass involving
the femoral artery. However, there are few studies that distinguish wound infections from
infections involving the graft. Prior larger studies that have specifically looked at infected
prosthetic grafts were conducted before the identification of Methicillin-resistant
Staphylococcus aureus (MRSA), did not stratify by wound location or operative indication,
and did not perform statistical analysis to determine risk factors.4, 10, 11 Other previous
analyses had a small sample size and included vein grafts in their analysis with only a small
proportion of the cases involving prosthetic grafts.5, 12, 13

Beth Israel Deaconess Medical Center is a large referral center and university hospital with a
high volume of patients with lower extremity vascular disease. Therefore we examined our
ten-year experience with infected prosthetic grafts after surgical bypass involving the
femoral artery to identify predictive risk factors. We also examined the impact of post-
operative graft infection on amputation rates and mortality.

Methods
We performed a retrospective cohort study of all patients undergoing prosthetic bypass
grafts involving the femoral artery from 2001–2010 by the Division of Vascular and
Endovascular Surgery performed at Beth Israel Deaconess Medical Center. We defined a
graft infection as the presence of purulent fluid directly communicating with the graft or an
exposed graft. Patient demographics, body mass index, comorbidities, indications for
intervention, location of bypass, type of prosthetic material, case urgency, previous
ipsilateral bypass or percutaneous interventions were recorded. The primary endpoint was
graft infection, with post-operative amputation and mortality analyzed as secondary end
points. The selection of the bypass conduit is surgeon dependent, however generally we
preferentially use greater saphenous vein, followed by prosthetic graft for claudicants, and
greater saphenous vein followed by either arm vein or lesser saphenous vein before
prosthetic graft in cases of limb threat. Follow-up is variable, but in general, patients are
seen three to four times per year for two years and then one to two times per year thereafter.
Long-term survival was checked with the social security death index. An active infection at
the time of bypass was defined as an infection in the limb in which the bypass was
performed or bypass performed for management of an infected graft at another site, such as
an axillary-femoral bypass performed for an infected aortic graft. We use longitudinal
incisions in the groin, which we then close with two layers of running vicryl sutures
followed by skin closure with staples. Ioban use was surgeon specific with most of the
surgeons not using ioban and no vacuum assisted closure devices were used
prophylactically. Our protocol is to administer antibiotics 60 minutes before skin incision.
Our regimen has evolved over time during this study period from cefazolin alone to
vancomycin and gentamicin in 2005 and to vancomycin and cefazolin in 2010 per hospital
policy. These protocols did change over time in consultation with our infectious disease
division based on institutional culture data Betadine was used for preparation unless there
was a contraindication throughout the study period. After this study period, we switched to
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chlorhexidine gluconate with isopropyl alcohol as our standard preparation solution per
hospital policy. Routine hibiclens use preoperative was started after the study period. For the
first six years, we used razors and then switched to electrical clips thereafter. In the middle
of the study period our division developed and evolved its endovascular surgery program,
giving us more options to treat our patients.1

Categorical variables were analyzed by Pearson χ2 and the Fisher exact test. Treatment
outcomes during the course of follow-up were analyzed using Kaplan-Meier methodology,
and time-to-failure curves were compared with the log rank test and Cox proportional
hazards. Univariate and multivariable Cox regression models were used to assess predictor
variables for time-dependent outcomes. Statistical significance was defined as P< .05. All
statistical tests were done using STATA 8 software (StataCorp, College Station, Tex).

Results
There were 496 prosthetic grafts involving the femoral artery in 478 patients from 2001–
2010 performed at our institution. The average age was 69 years and 58% were male. Mean
follow-up was 27 months. The graft infection rate was 3.8% (19/496) with the median time
to presentation after bypass of 98 days (Figure 1). Graft infections were more common in
women than men (6.8% vs 1.7%, p<0.01), DM vs non-DM (6.5% vs 1.9%, P<0.01), limb
threat vs claudication (5.2% vs 2.6%, p<0.05), active infection at the time of bypass (11.7%
vs 2.9%, p<0.01), redo bypass (11.5% vs 2.0%, p <0.01), and chronic renal insufficiency
(6.4% vs 3.3%, p=0.05). (Table 1–3). By multivariable analysis female gender (HR 4.5, 95%
CI 1.6–12.7) diabetes mellitus (HR 4.6, 95% CI 1.5–14.3), redo bypass (HR 5.8, 95% CI
2.2–15.0), and active infection (HR 2.3, 95% CI 1.6–3.4) were independent predictors of
prosthetic graft infection (Table 4).

The location of the bypass was not predictive of graft infection (Table 2). The type of
prosthetic material also did not predict graft infection as there was no difference between
dacron (3%) and polytetrafluoroethylene (PTFE) (4.3%) grafts. Previous minor ipsilateral
amputation and previous percutaneous access of the ipsilateral femoral artery were not
predictive of graft infection. A second bypass performed at the initial operation and
concurrent stenting were also not predictive. Grafts were occluded 11% of the time in
infected grafts and 13% in non-infected grafts (NS). Limbs were reintervened on post-
bypass 14% of the time in non-infected grafts and 11% in infected grafts (NS). The average
time between antibiotic administration and incision was 24 minutes. The rate of infection in
those patients who received antibiotics greater than one hour was 11.1% (NS), however this
only represents one patient. The average operating time was 167 minutes and case length
was not associated with graft infection.

Suture lines were involved 79% of the time. Staphylococcus epidermidis was the most
common isolate present in cultures from 37% of infected grafts presenting at a median of
163 days postoperatively followed by methicillin sensitive Staphylococcus aureus cultured
in 26%. Surprisingly, methicillin-resistant Staphylococcus aureus was only cultured in 5%
of graft infections (Table 5). The graft infections with no growth had graft exposed.

All amputations after graft infection occurred during the readmission for the graft infection
and were all within 30 days of diagnosis of graft infection. The median length of stay for the
readmission for graft infection was 11 (range 8–94) days. There were no additional
complications in 53% of the patients with graft infections. Excluding major amputations,
other complications included one patient with diabetic ketoacidosis, two had minor
amputations, and one had an acute myocardial infarction and ultimately expired. One
patient, who had an above the knee amputation, had recurrent infections requiring further
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debridement. Eleven out of the 19 patients that were discharged went home with services
and the others went to rehabilitation facilities. All patients without amputations were fully
ambulatory at the time of discharge. Seventy-four percent of infected grafts (14/19) were
removed, however in the last three years of this study period, only 50% (3/6) of the infected
grafts were removed. Preservation of the grafts in these cases utilized a sartorius muscle flap
in one case and all had VAC devices placed. All preserved grafts were successfully salvaged
and none went on to amputation. Vascular reconstruction was possible and performed in
50% (7/14) of the patients who had grafts removed, none of whom went on to have a major
amputation. The remaining limbs were not reconstructed as they were not salvageable
secondary to the extent of infection and lack of conduit. Five of seven patients (71%)
without vascular reconstruction who had grafts removed went on to major lower extremity
amputation.

Graft infection was predictive of major lower extremity amputation (HR 9.8, 95% CI 3.5–
27.1). Freedom from amputation was 94% without graft infection and 71% in those with
graft infections at one year (Figure 2). Preoperative tissue loss in the ipsilateral limb was
also predictive of amputation (HR 4.7, 95% CI 1.8–11.9). Surprisingly, graft infection did
not predict an increase in long-term mortality (Figure 3). However chronic renal
insufficiency (HR 2.3, 95% CI 1.6–3.4), tissue loss (HR 1.4, 95% CI 1.0–1.9), and active
infection (HR 2.3, 95% CI 1.6–3.4) were predictive of overall late mortality.

Discussion
The infection rate of prosthetic grafts involving the groin in our series was 3.8% at a mean
follow-up of 27 months. There was no difference in the incidence in graft infection over the
ten years. Predictors of graft infection were redo bypass, active infection at time of bypass,
female gender, and diabetes mellitus. Graft infection was predictive of major lower
extremity amputation, as was preoperative tissue loss. However graft infection did not
predict mortality. Over time we have been increasingly managing graft infections without
graft removal.

Our graft infection rate is similar to previously published rates ranging from 4.3–4.7%.5,10

Chang et al looked at predictors of graft infections, the majority of which were vein grafts,
and found that only operative time was predictive of graft infections after lower extremity
bypass.5 No other studies looked at predictors of graft infections.

The association of female gender with SSI and with prosthetic graft infection as noted in our
series may be due to a higher fat distribution in the lower extremities or incontinence
causing wound contamination or other factors.14,15 We also found diabetes to be predictive
of graft infection, which is not surprising as it is also associated with surgical site infections
not only in the lower extremities, but also in other surgical procedures.16 Perioperative tight
glucose control in diabetics is protective against cardiovascular complications, however it
has not been shown to decrease wound complications most likely due to the deleterious
effects of diabetes aside from hyperglycemia.17,18

The presence of an active infection at the time of the operation was also predictive of
prosthetic graft infection, most likely due to contamination during the procedure or
perioperative period. This has previously shown to be a risk for surgical site infections.2 A
redo operation was also predictive of graft infection, likely secondary to scarring and poor
vascular supply to the surgical bed. This was not previously shown to be a predictive factor
for surgical site or graft infections.2,3,5 Surprisingly body mass index was not predictive of
graft infection as it is closely linked to surgical site infection after lower extremity bypass.2

We also did not find an association with smoking, or length of operation. However, the lack
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of associations in our series may have been due to a type II error due to the small number of
infected grafts.

Graft infection was predictive of amputation, as some patients who required graft removal
had no reconstructive options or the limbs were not salvageable at the time of presentation
with graft infection. Mertens et al showed that infrainguinal prosthetic graft infection had a
40% amputation risk at one year.11 However, prior studies looking at graft infections have
not analyzed if graft infection is an independent predicator of major lower extremity
amputation.4,5,10,11 Cryopreserved veins are an alternative conduit option to avoid
amputation that has been reported with some success. 19 We did not use it in this study
period, however we have subsequently used it with short term success.

Our management for these graft infections has changed over time. In the first seven years of
our study, all but one graft were removed. However in the later three years 50% were
preserved by debridement with placement of a VAC dressing, with or without local
rotational muscle flap closure. This parallels the national trend which has shown success
with graft preservation by using both sartorius or gracilis muscle flaps with and without
VACs devices.7–9, 19 Our grafts that had sartorius muscle flap coverage and VAC coverage
alone were successfully salvaged as has been previously shown with both vein and
prosthetic grafts with complete success with sartorius flaps and over 90% success with
VACs alone with two failures from bleeding at the anastomosis and a recurrent infection
previously reported.8,9 In the past two decades the incidence of MRSA has greatly increased
and has become an important pathogen in vascular surgical site infections, contributing to up
to 33% of surgical site infections in vascular surgery patients.21–23 Surprisingly it was seen
in only 5% of our graft infections, with Staphylococcus epidermidis, MSSA, and
Enterococcus being more prevalent.

There are several limitations to our study. It is a single center retrospective review. There
was no standardization for the choice of conduit, rather it was surgeon dependent and based
somewhat on personal preference which could cause selection bias as patients that are
viewed as high risk may have more vein options exhausted before using a prosthetic.
However, this study is the largest statistical analysis of prosthetic grafts involving the
femoral artery and is the only study to look at predictors of infections exclusively in
prosthetic grafts.

Conclusions
Prosthetic graft infections were seen in 3.8% of bypass grafts involving the femoral artery.
Redo-bypass, female gender, diabetes, and active infection at time of bypass are associated
with a higher risk for graft infection which results in subsequent early major extremity
amputation, but does not confer an increased risk of mortality. Alternate sources of vein and
endovascular interventions should be considered preferentially in these high-risk patients.
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Figure 1.
Graft infection rate was 3.8% with a median time to presentation of 98 days post-
operatively.
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Figure 2.
Graft infection predicts major amputation of the affected limb.
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Figure 3.
There is no significant difference in long-term survival between those with infected grafts
and those without infected grafts.
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Table 1

Patient Characteristics

Total (percent of total with
characteristic)

Graft infection rate with
characteristic

Graft Infection rate without
characteristic

p-value

Patients 496 3.8% - -

Obese (BMI>30) 90 (18%) 3.7% 3.9% 0.7

Female gender 206 (42%) 6.8% 1.7% <0.01

Emergent 48 (10%) 4.2% 3.8% 0.6

Coronary Artery Disease 187 (38%) 3.7% 3.8% 0.7

Diabetes Mellitus 230 (46%) 6.5% 1.9% <0.01

Hypertension 368 (74%) 3.8% 3.9% 0.7

Chronic Renal Insufficiency 78 (16%) 6.4% 3.3% 0.05

Former Smoker 180 (36%) 3.8% 3.8% 0.9

Current Smoker 186 (38%) 2.7% 4.5% 0.4

J Vasc Surg. Author manuscript; available in PMC 2014 March 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Siracuse et al. Page 12

Table 2

Procedures

Bypass Type Total (percentage undergoing
procedure)

Graft infection rate with
procedure

Graft infection rate with other
procedures

p-value

Femoral-Femoral 102 (21%) 4.2% 3.6% 0.6

Ilio-Femoral 17 (3.4%) 5.2% 3.8% 0.5

Femoral-Popliteal 185 (37%) 3.2% 3.9% 0.9

Femoral-Distal 51 (10%) 5.9% 3.6% 0.4

Axillary-Femoral 73 (15%) 4.1% 3.8% 0.7

Aorta-Femoral 84 (17%) 1.2% 4.4% 0.3
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Table 3

Limb History

Characteristics Total (percent with
characteristic)

Graft infection rate with
characteristic

Graft infection rate without
characteristic

p-value

Limb threat 267 (53%) 5.2% 2.9% <0.05

Tissue Loss 142 (29%) 4.2% 3.7% 0.7

Active Infection 51 (10%) 11.7% 2.9% <0.01

Prior percutaneous access 295 (60%) 4.4% 3.0% 0.7

Redo Bypass 96 (19%) 11 (11.5%) 2.0% <0.01
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Table 4

Multivariable predictors of graft infections

HR 95% Confidence Interval

Redo bypass 5.8 2.2–15.0

Active infection 5.2 1.9–14.2

Diabetes mellitus 4.6 1.5–14.3

Female gender 4.5 1.6–12.7
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Table 5

Bacteria Isolated

Bacteria Isolated

Staphylococcus epidermidis 37%

Methicillin-sensitive Staphylococcus aureus 26%

Enterococcus 10%

Methicillin-resistant Staphylococcus aureus 5%

Pseudomonas aeruginosa 5%

Streptococcus pyogenes 5%

Klebsiella pneumoniae 5%

Corynebacterium 5%

Polymicrobial 10%

No Growth 10%
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