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ABSTRACT
Background: The use of prosthetic grafts in the treatment of intermittent claudication is still
a controversy. Prosthetic bypass for this usually benign condition may in some cases lead to
a graft infection. This potentially disastrous complication is difficult to manage.
Methods: One hundred forty-one consecutive operations done on 129 patients between January, 1990 and December, 2001 in a single university vascular unit have been studied. Lymphatic complications and local infections have been related to preoperative risk factors, complications, secondary procedures, and outcome.
Results: During a mean follow-up period of 42 months, lymph complications occurred after 18 operations, surgical site infection after 11 procedures, and graft infection after 17 operations. Eleven infected grafts were treated successfully without graft excision. Six of these
grafts healed with antibiotics only. The risk of developing a local infection was significantly
correlated with postoperative lymph fistula. Reoperative surgery was associated with graft
infection. Graft infection caused by Staphylococcus aureus always warranted surgery, either
local revision or graft excision.
Conclusions: The present series had a high frequency of graft infections. Our data suggest
that a selective approach should be taken towards excision of infected femoropopliteal prostheses. The need for and extent of surgery should be individualized according to the clinical
presentation of the graft infection and the type of bacteria involved. We advocate a conservative attitude towards surgical treatment of intermittent claudication.

F

for conservative, endovascular,
or surgical treatment of intermittent claudication have not yet been established [1]. The
knowledge of operative complications is therefore of particular importance when deciding
upon the treatment modality, especially since
the natural history of intermittent claudication
is benign [2].
Prosthetic grafts are commonly used in
above-knee bypass surgery for lower limb isch-emia. The outcome of these operations is often reported in terms of patency rates. ComIRM CRITERIA

plications are reported less frequently despite
the fact that these are well known to vascular
surgeons. Reports concerning graft infections
in complete series of infrainguinal prosthetic
bypass operations in peripheral vascular
surgery are scarce and the reported incidences
of graft infection are in the range of 0–5% [3–8].
The management of infected grafts is difficult and controversial [4,9–12]. The treatment
options are antibiotics only, or antibiotics in
combination with surgical revision or excision
of the infected graft. The purpose of this paper
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is to report the treatment and outcome of local
infections after above-knee femoropopliteal
prosthetic graft bypass surgery for intermittent
claudication.

PATIENTS AND METHODS
All above-knee prosthetic femoropopliteal
bypass operations for intermittent claudication
done from January, 1990 to December, 2001 in
one vascular unit were recorded prospectively
in a database registry. One hundred and fortyone grafts in 129 patients (93 men and 36
women) were studied. Fifty-seven grafts were
polytetrafluoroethylene (PTFE) and 84 were
polyester. One hundred and twenty-four operations were primary and 17 were secondary
procedures (12%). The distribution of preoperative risk factors is illustrated in Table 1.
The skin preparation was uniform throughout the period with adherent plastic skin draping before surgery as a standard procedure.
The primary operations were performed by
surgeons in training or by specialists in vascular surgery, whereas specialists did all the secondary operations. From 1990 to 1999, prophylaxis of cefuroxime 1.5 g was administered
intravenously three times during the day of
surgery with the first dosage given at induction of anaesthesia. From 1999, the antibiotic
was changed to 2 g of cephalothin three times
intravenously. The grafts were followed with
duplex scanning and ankle-brachial pressure

TABLE 1.

ASSOCIATION OF RECORDED PREOPERATIVE
RISK FACTORS AND INCIDENCE OF
GRAFT INFECTION IN 141 OPERATIONS

Preoperative
risk factors
Heart disease
Hypertension
Diabetes
Lung disease
Serum creatinine
125 mmol/L
Smoking
Reoperative surgery

N (%)
66
71
16
24
14

(47)
(50)
(11)
(17)
(10)

100 (71)
17 (12)

Impact on
graft infection
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
p  0.03

To convert serum creatinine to mg/dL, multiply by
0.01131.
n.s., not statistically significant.

indices 1, 3, 6, and 12 months after surgery and
annually thereafter. The mean and median
graft follow-up periods were 42 and 62 months
(range, 1–124 months, respectively).
Lymphatic complications and local infections were recorded throughout the follow-up
period. Lymph fistula was defined as at least 2
days of continuous leakage of clear fluid from
the incision [13]. Lymphocele was diagnosed in
cases with a subcutaneous fluid collection in
the absence of a hematoma or a surgical site infection [13]. Szilagyi’s clinical classification of
infection was applied (3). Surgical site infections were confined to either dermis (grade I)
or the subcutaneous tissue without involving
the graft material (grade II). Surgical site infection was not recorded in cases of graft infection. Graft infection was diagnosed in cases
with a tender, erythematous, pulsatile mass
overlying the prosthetic material, and in cases
with exposed graft, or if there was persistent
drainage from a sinus tract close to the prosthetic material. This definition is equivalent to
grade III in Szilagyi’s classification [3].
The treatment algorithm of the infected
grafts was initiated with an ultrasound scan in
cases with clinical signs of local infection. If an
abscess was present, needle aspiration was
done. In some cases, the graft infection was obvious due to graft exposure. Pus samples from
the abscess or the infected graft were obtained
and cultured. All infected grafts were treated
with antibiotics for at least three months. Persistent infection warranted surgery. The choice
of surgical treatment depended on whether the
whole graft was infected or only part of it, and
on the clinical response of the antibiotic treatment. Some infections were treated with surgical revision of the tissue surrounding the graft
but leaving the graft in situ. Excision of the graft
with or without graft replacement was performed in selected cases.
The preoperative risk factors were analyzed
for impact on local complication rates and the
lymphatic complications were checked for correlation with surgical site or graft infection. The
Student t-test was applied to compare continuous data and the Fisher exact test was applied
for comparison of categorical data. The software program Statistica 6.0 (StatSoft, Inc.,
Tulsa, OK) was used for statistical computa-
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tions. Differences were considered statistically
significant at p  0.05.
RESULTS
The mean age of the patients was 68 years
(range, 50–88 years), 72 years for women and
67 years for men. This difference is significant
(p  0.01). There was no difference in the distribution of complications between PTFE and
polyester grafts.
Lymphatic complications
Lymphatic complications were recognized
after 18 operations (13%). Nine were lymph fistulas and nine were lymphoceles. Two of the
lymphatic complications occurred after secondary bypass operations. The lymph fistulas
were diagnosed significantly earlier than the
lymphoceles (13.5 versus 27 days after surgery,
p  0.01). All nine lymphoceles were treated
conservatively. One resulted in a surgical site
infection after 71 days, but no graft infections
appeared in this group.
In the lymph fistula group (nine limbs), two
patients developed surgical site infection and
three developed graft infection. Postoperative
lymph fistula was associated with local infection (p  0.016). Six lymph fistulas were treated
non-operatively and three required surgery.
These operations did not influence the infection risk.
Diagnosis and risk of infection
Surgical site infection was diagnosed after 11
operations (7.8%) and graft infection after 17
operations (12%). Thus, a local infection involved 19.8% of the grafts during follow-up.
Positive bacterial cultures were obtained from
15 infected grafts. The remaining two cases
were diagnosed on a clinical basis. Thirteen
graft infections occurred within the first three
months postoperatively with a mean time of 23
days (range, 7–63 days) after surgery. Four occurred late with an average of 680 days (range,
269–1083 days) postoperatively.
Twelve graft infections occurred after primary operations (10%), whereas five occurred
after secondary operations (29%), p  0.03. All

infections recorded after reoperative procedures were graft infections.
None of the other recorded preoperative risk
factors had a significant influence on local infection. The associations between preoperative
risk factors and graft infection are illustrated in
Table 1.
Treatment and outcome of graft infection
Six infected grafts were excised with two
subsequent amputations. Another two patients
were treated with a new bypass, whereas two
were left with persistent intermittent claudication. The six excised grafts were contaminated
with Staphylococcus aureus in three cases and
Staphylococcus epidermidis in two cases. In one
case, the bacterial culture was negative.
Eleven infected grafts were treated in situ, of
which five had surgical revision of the infection surrounding the graft and six were treated
with antibiotics only. All infected grafts left in
situ healed and stayed open throughout the observation period.
None of the six infected grafts treated with
antibiotics only were infected with Staphylococcus aureus. In these cases, Enterobacteriaceae was
cultured either alone or in combination with
Staphylococcus epidermidis in five cases. In one
case, the bacterial culture was negative. None
of the 17 graft infections were caused by
methicillin-resistant staphylococci.
In the four cases of late infection, Staphylococcus epidermidis was cultured from three
grafts and Staphylococcus aureus in combination with Enterobacteriaceae from one graft.
The latter was treated with surgical revision
with the graft left in situ. Of the three grafts
infected with Staphylococcus epidermidis, one
was treated with antibiotics and healed, one
graft was excised and replaced by a new prosthesis, and the last was excised and replaced
by an in situ vein bypass. None of the four
late graft infections were followed by amputation.
A total number of 45 secondary procedures
were performed on the 17 infected grafts (Table
2). These included a wide variety of procedures
such as incision and drainage, surgical revision, graft excision, a new bypass procedure,
or amputation.
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ETIOLOGY, TREATMENT, AND OUTCOME OF EARLY AND LATE GRAFT
INFECTIONS FOLLOWING FEMOROPOPLITEAL BYPASS SURGERY

Days after
surgery

Bacterial species

Treatment

7
63
14

S. aureus
S. aureus
S. aureus

Graft excision
Graft excision
Graft excision

4
3
3

33

Negative bacterial culture

Graft excision

5

7
12
14
22
22
22
28

Surgical revision
Surgical revision
Antibiotics only
Antibiotics only
Antibiotics only
Antibiotics only
Antibiotics only

1
1
0
0
0
0
0

35
36
2691
6831
6851

S. epidermidis and Enterococcus
S. epidermidis
Negative bacterial culture
S. epidermidis and Enterococcus
S. epidermidis
S. epidermidis and diphtheroids
E. coli, Enterococcus, diphtheroids
and S. epidermidis
S. aureus and Enterococcus
S. aureus and Enterococcus
S. aureus
S. epidermidis
S. epidermidis

Amputation
Amputation
Persistent intermittent
claudication
Persistent intermittent
claudication
Healed
Healed
Healed
Healed
Healed
Healed
Healed

8
4
4
1
5

Healed
Healed
Healed
Healed
Healed

10831

S. epidermidis

Surgical revision
Surgical revision
Surgical revision
Surgical revision
Graft excision and
replacement
Graft excision and
replacement

6

Healed

1Late

No. of secondary
procedures

Outcome

graft infections.

DISCUSSION
The rate of local infections after above-knee
prosthetic femoropopliteal bypass surgery is
usually in the range of 5–14%, which is lower
than in the present study [14]. This may be due
to rather wide definitions of lymphatic and
infectious complications and to accumulation
over time. The graft infections that occurred
late in this series emphasize the need of a long
observation time to achieve a full overview.
Seventeen grafts were implanted as secondary
procedures which are reported to have a higher
complication frequency, as was the case in our
series [13].
The frequency of lymph fistula and lymphocele in this study was 13%, which exceeds the
range of 0.5–10% reported previously [13]. In
the present study, lymph fistulation was associated with increased local infection risk. This
finding correlates well with previous reports
[15–17]. None of the three patients with an operated lymph fistula developed graft infection,
whereas three out of six in the non-operated
lymph fistula group did. However, this difference is not significant owing to the small sam-

ple size. Several authors have recommended
surgical treatment of lymph fistulas following
vascular surgery in the groin [13,16,17]. The
surgical treatment of choice of lymph fistulas
is a layered groin wound exploration avoiding
deeper uninfected tissues [13]. If possible, the
site of leakage should be identified and ligated.
The role of antibiotic treatment in the management of lymph fistulas is not clear.
Superficial surgical site infection was diagnosed after 11 operations (7.8%). This incidence
is higher than what is reported from most studies, although surgical site infection rates up to
44% after infrainguinal bypass operations have
been reported [3,4,6–8,18].
Three graft infections occurred after a lymphatic complication. The other 14 graft infections were probably due to contamination at the
time of surgery or to delayed wound healing.
Re-operative surgery was associated with graft
infection in our series. Such an association has
been reported previously [4]. All infections following re-operative surgery appeared as graft
infections and not surgical site infections. This
may be due to the complicated wound healing
often seen after re-operative surgery.
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Graft contamination usually occurs at the
time of surgery [11,19]. However, the clinical
appearance of the infection may be delayed for
weeks or months. The nature of the bacteria involved, the size of bacterial inoculum, and local host defenses determine the course of graft
infection [11,19,20]. Alternatively, graft infections may be the result of bacteremia episodes
during follow-up, although no evidence for this
etiology exists. The skin preparation before
surgery may be a matter of discussion. Some
vascular centers use iodophor-impregnated
plastic skin draping. In our series plain plastic
draping was used. This draping has been
shown to be as effective as iodophor-impregnated draping in reducing the groin bacterial
numbers at the time of surgery [21].
A graft infection rate of 12% is higher than
the previously reported incidence of 0–5%
[3,5–7]. Leaving out the secondary operations
in our series, the graft infection rate comes
down to 9.7%. However, studies of graft infections following above knee prosthetic
femoropopliteal bypass are scarce and most infections are never reported. The true infection
rate is therefore essentially unknown. The Szilagyi classification of graft infections applied in
this study may also represent a problem. The
presence of a tender, erythematous, pulsatile
mass overlying the prosthetic material might
theoretically represent a deep surgical site infection and not a true graft infection. If this
were the case, the true number of graft infections in the present study might have been
lower. Diabetes mellitus has been reported as
a risk factor for graft infection [22]. However,
that could not be documented in our study.
Fourteen graft infections occurred within 3
months postoperatively, and four infections
appeared much later (mean, 680 days). This
substantiates the fact that a longer observation
period will reveal more graft infections. In
other reports on graft infection, the follow-up
has been in the range of 2–62 months [3,5]. This
may in part explain the differences in graft infection rates.
The dominating bacteria species in the early
infections in our series were Staphylococcus aureus and Staphylococcus epidermidis, either alone
or in combination with Enterobacteriaceae. Staphylococcus epidermidis caused three of the four late
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infections in this series. Both these findings agree
with previous studies [3,5,8]. The late infections
often have a subclinical latency due to the avirulent nature of these bacteria [11,19,20].
Surgery for graft infection has been reported
to have high morbidity and mortality [6,23]. In
the present study, six of 17 infected grafts (35%)
were excised, resulting in two amputations.
Eleven grafts treated in situ healed. All late
graft infections needed surgical treatment but
none of these patients were amputated.
Staphylococcus aureus was cultured from seven
of the 12 infected grafts that needed surgical
treatment and from none of those that were
treated with antibiotics alone (five grafts). The
infected grafts from which Staphylococcus aureus
was cultured were the ones with the poorest outcome (Table 2). This correlates with a previous
report [23]. In the 10 non–Staphylococcus aureus
infections, Staphylococcus epidermidis was found
in all cases with a positive bacterial culture (eight
grafts), either alone or in combination with other
bacterial species. Five of the 10 non–Staphylococcus aureus infections were treated successfully
with antibiotics alone. This indicates that nonoperative treatment of graft infection may be successful in selected cases when Staphylococcus aureus is not involved.
Graft infections after peripheral bypass
surgery with implantation of prosthetic material represent immense burdens to the patients
as well as to the health care system. Considering the benign natural history of intermittent
claudication, complication rates should be surveyed continuously in order to weigh these ill
effects against the gain of the treatment. The
graft infection rate in the present series is high
compared to other reports. This has led to
fewer of these operations in our department
and a great scrutiny of every process connected
to the procedures. A restrictive attitude towards femoropoliteal bypass surgery for intermittent claudication has been advocated for
several years and the results of the present
study support this policy.

REFERENCES
1. Jensen LP. Intermittent claudication. Conservative
treatment, endovascular repair or open surgery for

INFECTIONS AFTER FEM-POP BYPASS

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

femoropopliteal disease. Ann Chir Gynaecol 1998;
87:137–140.
Aquino R, Johnnides C, Makaroun M, et al. Natural
history of claudication: Long-term serial follow-up
study of 1244 claudicants. J Vasc Surg 2001;34:
962–970.
Szilagyi DE, Smith RF, Elliott JP, Vrandecic MP. Infection in arterial reconstruction with synthetic grafts.
Ann Surg 1972;176:321–333.
Samson RH, Veith FJ, Janko GS, et al. A modified classification and approach to the management of infections involving peripheral arterial prosthetic grafts. J
Vasc Surg 1988;8:47–153.
Campbell WB, Tambeur LJ, Geens VR. Local complications after arterial bypass grafting. Ann R Coll Surg
Engl 1994;76:127–131.
Ansel AL, Johnson JM. Prevention and management
of polytetrafluoroethylene graft complications in peripheral vascular reconstruction. Am J Surg 1982;
144:228–230.
Liekweg WG Jr, Greenfield LJ. Vascular prosthetic infections: Collected experience and results of treatment. Surgery 1977;81:335–342.
Mertens RA, O’Hara PJ, Hertzer NR, et al. Surgical
management of infrainguinal arterial prosthetic graft
infections: Review of a thirty-five-year experience. J
Vasc Surg 1995;21:782–790.
Abbott WM, Green RM, Matsumoto T, et al. Prosthetic
above-knee femoropopliteal bypass grafting: results
of a multicenter randomized prospective trial. AboveKnee Femoropopliteal Study Group. J Vasc Surg
1997;25:19–28.
Baele HR, Piotrowski JJ, Yuhas J, et al. Infrainguinal
bypass in patients with end-stage renal disease.
Surgery 1995;17:319–324.
Schmitt DD, Bandyk DF, Pequet AJ, Towne JB. Bacterial adherence to vascular prostheses. A determinant of graft infectivity. J Vasc Surg 1986;3:732–740.
Kron IL, Georgitis JW, Holmes P, Britton RC. Propagation of sepsis in vascular grafts. Arch Surg
1980;115:878–879.
Tyndall SH, Shepard AD, Wilczewski JM, et al. Groin
lymphatic complications after arterial reconstruction.
J Vasc Surg 1994;19:858–863.

179
14. Burger DH, Kappetein AP, Van Bockel JH, Breslau PJ.
A prospective randomized trial comparing vein with
polytetrafluoroethylene in above-knee femoropopliteal bypass grafting. J Vasc Surg 2000;32:278–283.
15. Reifsnyder T, Bandyk D, Seabrook G, et al. Wound
complications of the in situ saphenous vein bypass
technique. J Vasc Surg 1992;15:843–848.
16. Haaverstad R, Urnes O, Dahl T, Myhre HO. Lymphatic complications after lower limb vascular
surgery. Tidsskr Nor Laegeforen 1996;116:1886–1888.
17. Kwaan JH, Bernstein JM, Connolly JE. Management
of lymph fistula in the groin after arterial reconstruction. Arch Surg 1979;114:1416–1418.
18. Lee ES, Santilli SM, Olson MM, et al. Wound infection after infrainguinal bypass operations: multivariate analysis of putative risk factors. Surg Infect
2000;1:257–263.
19. Zdanowski Z, Ribbe E, Schalen C. Bacterial adherence
to synthetic vascular prostheses and influence of human plasma. An in vitro study. Eur J Vasc Surg
1993;7:277–282.
20. Kaebnick HW, Bandyk DF, Bergamini TW, Towne JB.
The microbiology of explanted vascular prostheses.
Surgery 1987;102:756–762.
21. Lewis DA, Leaper DJ, Speller DC. Prevention of bacterial colonization of wounds at operation: Comparison of iodine-impregnated (“Ioban”) drapes with conventional methods. J Hosp Infect 1984;5:431–437.
22. Taylor SM, Weatherford DA, Langan EM III, Lokey
JS. Outcomes in the management of vascular prosthetic graft infections confined to the groin: A reappraisal. Ann Vasc Surg 1996;10:117–122.
23. Wilson SE. New alternatives in management of the
infected vascular prosthesis. Surg Infect 2001;2:171–
175.

Address reprint requests to:
Dr. Gustav Pedersen
Department of Surgery
Haukeland University Hospital
N-5021 Bergen, Norway
E-mail: gustav.pedersen@helse-bergen.no

