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Objective
The authors report on their 20-year experience with 120 patients with infected extracavitary
prosthetic arterial grafts (95 polytetraflouroethylene, 25 Dacron). Throughout this experience, an
effort was made, when appropriate, to salvage all or a portion of these infected grafts.

Methods
When patients had arterial bleeding (20 cases) or systemic sepsis (6 cases), immediate graft
excision was performed. When the infected graft was occluded (43 cases), subtotal graft excision
was performed, leaving an oversewn 2- to 3-mm graft remnant to maintain patency of the artery.
Complete graft preservation was attempted in 51 cases in which the graft was patent, the patient
was not septic, and the anastomoses were intact. Aggressive operative wound debridement was
repeated, as necessary, to achieve wound healing. The preferred method of revascularization,
when necessary, included secondary bypasses tunneled through uninfected (often lateral) routes.
Follow-up averaged 3 years (range, 1 month-20 years).

Results
This strategy resulted in a hospital mortality of 12% (14/120) and a hospital amputation rate in
survivors of 13% (14/106 threatened limbs). Of the surviving patients treated by complete graft
preservation, the hospital amputation rate was only 4% (2/45) and long-term complete graft
preservation was successful in 71% (32/45) of cases. Partial graft preservation also proved
successful in 85% (35/41) of surviving patients who had occluded grafts. Successful complete
graft preservation was as likely when gram-negative or gram-positive bacteria were cultured from
the wound, with the exception of Pseudomonas (successful graft preservation in only 40% [4/10]
of cases).

Conclusion
Based on this 20-year experience, the authors conclude that selective partial or complete graft
preservation represents a simpler and better method of managing infected extracavitary
prosthetic grafts than routine total graft excision.
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462 Calligaro and Others

Traditional management ofinfected arterial grafts has
included total graft excision-to prevent persistent in-
fection resulting in nonhealing wounds, systemic sepsis,
and anastomotic hemorrhage.1-3 Total graft excision of-
ten requires difficult dissections and complex revascular-
ization procedures. For patients with infected peripheral
arterial grafts, such management is associated with high
mortality (9-36%) and limb loss (27-79%) rates.48

In 1963, Shaw and Baue first proposed that all infected
arterial grafts be treated by total graft excision.3 Veith
was an early challenger of this traditional management
and suggested that partial or complete graft preservation
may be an easier and improved method of treating these
complications.9 In 1979, he reported an initial 7-year ex-
perience at Montefiore Medical Center in New York, ap-
plying this approach for infections confined to noncavi-
tary prosthetic grafts and the distal limb of aortobifem-
oral grafts.9 Selective graft preservation also was used to
treat infected prosthetic arteriovenous fistulas at the
same institution.'0 Based on Szylagyi's earlier classifica-
tion system,' Samson, Veith, and their colleagues pro-
posed a modified classification ofinfected peripheral (ex-
tracavitary) prosthetic grafts in 1988 and reported some
continued success using selective graft preservation." At
Pennsylvania Hospital in Philadelphia, DeLaurentis and
associates also have used a similar strategy and have
noted better results than with routine graft excision.'2

This report describes an updated and expanded series
of 120 infected extracavitary prosthetic arterial grafts
treated during the past 20 years at these two medical cen-
ters and evaluates the feasibility, advantages, and disad-
vantages of selective graft preservation when certain cri-
teria are fulfilled.

Table 1. SITE OF INFECTION INVOLVING
120 EXTRACAVITARY PROSTHETIC

ARTERIAL GRAFTS

Anastomotic infections (109)
Femoral artery*
Tibial artery
Popliteal artery
Axillary artery

Infection confined to the body of the graft (1 1)
Thigh
Flank
Chest
Knee
Calf
Ankle

85
13
10

1

5
2

1
1
1

* Femoral = common, superficial or deep femoral arteries in the groin in all cases.

tal in Philadelphia (41 cases) (Table 1). Twenty-four pa-
tients were referred from other hospitals. Fourteen infec-
tions involved femoral anastomoses of aortofemoral
grafts (Table 2). The infections involved the anastomoses
in 109 cases and were confined only to the bodies of the
grafts in 11 cases. There were 63 men and 57 women,
ranging in age from 34 to 91 years (mean, 66 years). Half
ofthe patients had diabetes mellitus.
The infected grafts were polytetraflouroethylene in 95

cases and Dacron in 25 cases (Table 2). The bypasses
were performed for limb salvage in 101 cases, for dis-
abling claudication in 11 cases and for noninfected an-
eurysms or pseudoaneurysms in 8 cases. Eighty-two pa-
tients (68%) had undergone more than one vascular op-
eration at the site of the infected wound (average, 2.5

METHODS

Patients

Between January 1972 and December 1993, we

treated 120 patients with infected prosthetic grafts anas-
tomosed to a peripheral or extracavitary artery (exclud-
ing the aorta and iliac arteries) at Montefiore Medical
Center in New York (79 cases) and Pennsylvania Hospi-

Presented at the 1 14th Annual Meeting ofthe American Surgical Asso-
ciation; April 8, 1994; San Antonio, Texas.

Supported by grants from the John F. Connelly Foundation, U.S. Pub-
lic Health Service (HL 02990-01), the James Hilton Manning and
Emma Austin Manning Foundation, the Anna S. Brown Trust,
and the New York Institute for Vascular Studies.

Address reprint requests to Keith D. Calligaro, M.D., Pennsylvania
Hospital, 700 Spruce St., Suite 101, Philadelphia, PA, 19106.

Accepted for publication April 1 1, 1994.

Table 2. TYPE OF INFECTED
EXTRACAVITARY PROSTHETIC

ARTERIAL GRAFT*

PTFE Dacron

Femoropopliteal
Femorotibial
Aortofemoralt
Femorofemoral cross-over
Femoral interposition
Axillofemoral
Total

50 44
32 32
14 0
10 10
8 4
6 5

120 95

6
0
14
0
4
1

25

PTFE = polytetrafluoroethylene.
* Femoral = common, superficial, or deep femoral arteries.
t Patients who had aortofemoral graft infections were included in this series only if
they had infection confined to the groin based on clinical, CT scan, sinogram,
arteriographic, and initial operative findings.

Ann. Surg. * October 1994



Infected Extracavitary Prosthetic Grafts 463

femoral artery was essential for limb salvage.'4 Subtotal
graft excision to treat occluded infected grafts often ob-
viated the need for additional revascularization proce-

Figure 1. Schematic of an infected groin wound with an occluded pros-
thetic graft anastomosed to a patent common femoral artery (left). Sche-
matic after aggressive operative wound debridement, excising all infected
tissue, and subtotal excision of the graft leaving an oversewn 2- to 3-mm
graft remnant on the underlying femoral artery (right).

prior dissections per patient). Follow-up averaged 3
years, with a range of 1 month to 20 years.

Presentation and Management
Patients who presented with systemic sepsis6 or with

infected disrupted anastomoses (20 cases) manifested by
anastomotic hemorrhages or infected pseudoaneurysms
were treated by immediate graft excisions. Entire grafts
were removed in septic patients to eradicate any poten-
tial source of continuing infection. In patients who pre-
sented with disrupted anastomoses, the infected seg-
ments of graft were excised. The remainder of the grafts
was left intact only ifit was found to be well-incorporated
and uninvolved with infection, based on preoperative ra-
diologic studies (computed tomography scan, sinogram,
arteriography), intraoperative gram stains, and operative
explorations. This strategy proved especially useful when
a patient presented with a disrupted distal anastomosis
of an aortobifemoral graft. If there was no evidence of
infection involving the proximal part of the graft, only
the infected distal limb was excised. Through a separate
flank incision, the proximal uninvolved limb ofthe graft
was divided and oversewn or used as inflow for revascu-
larization ofthe threatened limb via an uninfected (usu-
ally lateral) route.9"3

Patients who presented with infected thrombosed
grafts and intact anastomoses (43 cases) were treated by
subtotal graft excisions, except for 2- to 3-mm remnants
in the wounds, to maintain patency of the underlying
artery (partial graft preservation) (Fig. 1). This strategy
proved particularly useful for infections involving an oc-
cluded graft in the groin, in which patency of the deep

Figure 2. (A) Photograph after wound debridement with healthy granula-
tion tissue and an oversewn polytetraflouroethylene stump on the underly-
ing femoral artery. (B) Three weeks later, the wound has essentially healed
completely by secondary intention.
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dures. This technique allowed simple oversewing of the
most proximal or distal cuff of graft without having to
remove and dissect arteries in wounds, which results in
extensive scarring. A clamp could be placed across the
graft immediately above or below the intact anastomosis
after thrombus was extracted. The remainder of the oc-
cluded graft then could be excised, and the cuff of graft
on the artery could be oversewn, leaving a graft remnant
asapatch (Fig. 2).
Complete graft preservation was attempted in 51 pa-

tients with infected extracavitary prosthetic grafts only
when the following criteria existed: 1) the graft was pat-
ent; 2) the patient was not systemically septic; and 3) the
infection had not resulted in anastomotic disruption.

Treatment Adjuncts
A critical adjunct to achieve successful wound healing

included wound excision or aggressive operative de-
bridement of all infected tissue in the wound, including
exudate on the graft or artery. Debridement was repeated
under anesthesia in the operating room as often as nec-
essary to ensure a healing wound. Patients were observed
in a special care unit where 1% povidone-iodine or anti-
biotic-soaked dressing changes were performed three
times a day.'5 This protocol was carried out until healthy
granulation tissue covered the anastomosis. Wound
healing by secondary intention was attempted in con-
junction with complete graft preservation in 42 cases; in
9 other cases, muscle flaps were used (3 sartorius, 2 grac-
ilis, 2 rectus abdominis, 1 semimembranous, 1 soleus).'6
When revascularization was necessary to salvage a

threatened extremity after total or subtotal graft exci-
sion, we preferred ti tunnel a new graft through unin-
fected, usually lateral, routes (Fig. 3). Because most of
the infections involved prosthetic grafts in the groin,
proximal inflow sites included the axillary and iliac ar-
teries and the infrarenal or thoracic aorta.9"'3"7 The new
graft was tunneled lateral to the groin wound to a patent
outflow artery, such as the distal deep or superficial fem-
oral or popliteal arteries.'8"19 In a stable patient, the in-
fected wound was isolated with adhesive dressings and
the secondary bypass was performed before graft exci-
sion.

Aerobic and anaerobic cultures were obtained from all
infected wounds. Appropriate intravenous antibiotics
were administered through a central venous catheter for
at least 6 weeks.

RESULTS
Patient Survival
Management of 120 infected extracavitary prosthetic

grafts using the aforementioned protocol resulted in a

Figure 3. Schematic demonstrating possible routes of secondary by-
passes after isolation of an infected groin wound. The aorta can serve
as an inflow source, as shown here, or the iliac or axillary artery. The
graft is tunneled lateral to the wound, preferentially medial to the ante-
rior superior iliac spine under the inguinal ligament, if the infection in the
soft tissue does not extend too far laterally. Possible outflow sites in-
clude the distal deep or superficial femoral artery or the popliteal artery.
If these arteries are occluded, the infrapopliteal arteries also can be
used as outflow arteries.
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23% (6/26) 15% (3/20) 95% (19/20)

5% (2/43)
12% (6/51)

NS
12% (14/120)

22% (9/41)
4% (2/45)
p<0.05

13% (14/106)

85% (35/41)
71% (32/45)
p<0.05

81% (86/1 06)

Patients who presented with patent grafts, intact anastomoses and were not septic
(51) were treated by aftempted complete graft preservation.
* Hospital mortality rate.
t Hospital amputation rate in survivors.
t Wound healing rate in survivors after long-term follow-up (mean = 3 yrs, range = 1
mo-20 yrs).

§ p values relate to statistically significant differences in results between any of the
three treatment groups, i.e., no statistically significant differences in mortality ex-

isted between any treatment group compared to either of the other two treatment
groups, but there were significant differences in amputations and wound healing
between the treatment groups compared with either of the other treatment groups.

hospital mortality rate of 12% (14/120) (Table 3). Mor-
tality rates were 23% (6/26) for patients who presented
with bleeding or sepsis, 12% (6/51) for patients treated
by complete graft preservation, and 5% (2/43) for pa-

tients with occluded grafts treated by partial graft preser-

vation (p = NS). Deaths were attributed to sepsis in seven
patients (four treated by total graft excision, three by
complete graft preservation), myocardial infarction in
four patients (two treated by partial graft preservation,
two by complete graft preservation), pneumonia in one

patient (treated by complete graft preservation), stroke
in one patient, and recurrent hemorrhage in one patient
(both treated by initial total graft excision).

Limb Loss

Major amputations (eight above-knee, six below-
knee) were required in 13% (14/106) ofthe surviving pa-
tients (Table 3). Amputation rates were significantly
higher in patients who had occluded grafts and had at-
tempted partial graft salvage (22%, 9/41) than in patients
who had sepsis or bleeding (15%, 3/20) or in patients
treated by attempted complete graft preservation (4%, 2/
45) (p < 0.05). Revascularization procedures were not
attempted in any of the 14 patients who lost their limbs
because the threatened extremities were not considered
salvageable, their critical medical conditions prohibited

prolonged operative procedures, or lack ofadequate out-
flow arteries precluded distal bypasses.

Wound Healing

Of the surviving 106 patients, long-term wound heal-
ing was successfully accomplished in 86 (81 %) ofthe pa-

tients (Table 3). Total excision of the graft resulted in
higher wound healing rates (95%, 19/20) than partial
graft preservation (85%, 35/41) or attempted complete
graft preservation (71%, 32/45) (p < 0.05).

Complete Graft Excision
Nineteen of 20 grafts in surviving patients treated ini-

tially by total graft excision for sepsis or disrupted anas-

tomoses remained healed during the period oflong-term
follow-up. Four years after complete graft excision, one

patient suffered delayed arterial hemorrhage, which re-

quired further arterial interruption and an above-knee
amputation. All 20 patients had been treated initially by
oversewing or ligation ofthe involved arteries.
Of the 20 surviving patients who had sepsis or dis-

rupted anastomoses and who were treated by graft exci-
sion, 11 maintained viable limbs without revasculariza-
tion, 6 required a secondary bypass and 3 others required
amputation.

Partial Graft Preservation
Thirty-five of 41 occluded grafts in survivors treated

by subtotal graft excision with oversewing of 2- 3-mm
graft remnants remained healed after long-term follow-
up. Three wounds did not heal after 2 to 4 weeks of ag-
gressive local wound care and required excision of the
residual prosthetic patches and ligation or oversewing of
the arteries. Three other patients suffered delayed anas-

tomotic bleeding at the sites of the prosthetic patches af-
ter 1 week, 8 months, and 34 months of follow-up, and
all were treated by excisions of the residual prosthetic
patches and ligation or division and oversewing of the
ends ofthe arteries.
Of the 41 surviving patients who initially presented

with occluded grafts, 19 did not require secondary revas-

cularization procedures because adequate collaterals
were maintained, 13 needed secondary bypasses, and 9
others underwent major amputations during their hospi-
tal stays.

Complete Graft Preservation

Thirty-two of45 grafts in the survivors treated initially
by complete graft preservation remained healed after

Table 3. RESULTS OF TREATMENT OF
120 INFECTED EXTRACAVITARY
PROSTHETIC ARTERIAL GRAFTS

Wound
Mortality* Amputationst Healingt

Graft excision for
bleeding (20) or
sepsis (6)

Partial graft salvage for
occluded grafts

Total graft preservation
p value§
Total
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long-term follow-up. Two patients hemorrhaged at the
original infected sites 3 months and 12 months after ini-
tial presentation. Eleven other patients developed non-
healing wounds or recurrent infection after 2 weeks to 38
months of follow-up and required total graft excision.
None of the 32 patients treated successfully by com-

plete graft preservation required secondary revasculari-
zation procedures. Of 13 patients in whom this approach
failed, 6 required secondary bypasses, 5 did not need fur-
ther revascularization procedures to maintain viable
limbs, and 2 underwent above-knee amputations.

Muscle Flap Advancement

Only 9 of the 120 patients with infected prosthetic
grafts were treated by placement of a muscle flap. One
patient, who continued to drain purulent material from
the wound after placement ofthe flap onto a patent graft,
underwent graft excision, but later died of sepsis. One
patient required excision of a necrotic flap and the arte-
rial graft to achieve wound healing. Two sartorius flaps
necrosed, and these patients were treated by placement
ofnew muscle flaps to preserve the prosthetic grafts. Five
patients treated with muscle flaps had their wounds heal
without complications.

Table 4. BACTERIOLOGY OF 120
INFECTED EXTRACAVITARY PROSTHETIC

ARTERIAL GRAFTS

Gram-positive bacteria
Staphylococcus (69)
Aureus
Epidermidis

Streptococcus (33)
Faecalis
Viridans
Group D nonenterococcus

Diptheroides
Corynebacterium
Clostridia

Gram-negative bacteria
Pseudomonas aeruginosa
Proteus mirabilis
Escherichia coli
Serratia marcescens
Bacteroides (6)

Fragilis
Cloaca

Morganella morganii
Enterobacter
Acinetobacter
Klebsiella
Salmonella
Achrobacter

40
29

23
6
4
5
4
1

25
12
10
6

5
1
4
4

1
1
1

Bacteriology

Gram-positive bacteria only were cultured from 55
wounds, gram-negative bacteria only were cultured from
28 wounds, and both types of bacteria were cultured
from 37 wounds (Table 4). Staphylococcus aureus was
the most common gram-positive organism cultured, and
Pseudomonas aeruginosa was the most common gram-
negative organism cultured. This expanded, updated se-
ries confirms our previous finding that successful graft
preservation was as likely when gram negatives were cul-
tured from the wound as when gram positives were cul-
tured, with the exception of Pseudomonas.20 A success-
ful outcome was less likely when this organism was cul-
tured (40%, 4/10): 1 patient died of sepsis, 2 required
graft excisions for nonhealing wounds, and 2 required
above-knee amputations.

DISCUSSION

Compared with other series of infected extracavitary
arterial grafts treated by routine graft excisions, this 20-
year experience with management of 120 patients with
infected extracavitary prosthetic grafts resulted in an im-
proved amputation rate without increased mortality
rates. 1,4-8 The 12% mortality rate in our current series is

similar to the most favorable results of other reported
series of infected peripheral grafts (9-36%). 1,4-8,21
The high rate of limb salvage achieved in our patients

occurred even though the original indication for revas-
cularization was limb salvage or replacement of periph-
eral arteries for aneurysmal disease in 91% (109/120) of
the cases. We believe that our low amputation rate pri-
marily is because of the following three factors: 1) at-
tempted complete graft preservation had been achieved
successfully in approximately three quarters (32/45) of
surviving patients; 2) patency of the underlying artery
and important collaterals were maintained by leaving an
oversewn prosthetic graft cuff on the artery when subto-
tal graft excision was necessary to treat occluded infected
grafts; and 3) an aggressive approach to limb salvage was
used by carrying out extra-anatomic bypass in clean
fields throughout this 20-year period, when a secondary
revascularization was required after infected graft exci-
sion or occlusion. 14,22
Complete graft preservation under certain conditions,

even when the graft-artery anastomosis is involved in the
infectious process, represents the most important new
aspect of our management scheme. By preserving arte-
rial supply to the threatened limb, successful graft pres-
ervation often obviates the need to perform complex sec-
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ondary bypasses. The highest amputation rates in surviv-
ing patients occurred in patients who required subtotal
or total graft excision for occluded grafts (22%) or for
sepsis and bleeding (15%), respectively (Table 3). In com-
parison, the amputation rate was only 4% for patients
who could be treated by attempted complete graft pres-
ervation.
A key to successful graft preservation was wound exci-

sion or aggressive debridement. Excision of all infected
tissue in the wound and all exudate or fibrin on the ex-
posed graft initially must be performed in the operating
room where adequate lighting, optimal anesthesia, and
appropriate instruments are available. Even when the
anastomosis was involved in the infectious process, as in
the majority ofgrafts in this series, complete graft preser-
vation usually could be accomplished.

In 1963, Carter et al. first suggested that preservation
of a patent graft should be considered in selected cases.23
However, this approach was never advocated widely and
fell into disfavor3 until it was again tried in selected
cases.9'24 Subsequently, other groups have used this ap-
proach with success.25'26

Based on our results to date and the confirmatory ob-
servations of others,24-26 it appears that graft preserving
techniques have already been established as a worthwhile
option for managing infected arterial prosthetics in sick
patients, under appropriate circumstances. However, we
did not compare these techniques to more standard graft
excision methods in a prospective or randomized fash-
ion. Accordingly, our observations with the effectiveness
of graft-preserving techniques need further confirma-
tion. Moreover, better criteria for applying these tech-
niques need to be developed to decrease the proportion
of failures we encountered. In addition, it is appropriate
to determine whether or not comparable methods can
be used successfully when infection involves a prosthetic
graft anastomosed to the aorta or the iliac arteries. Our
limited experience with three such cases and the reports
of others suggest that graft preserving methods for man-
aging infection may sometimes be effective in these cases
as well.2730
Advancement of a muscle flap onto an exposed, in-

fected graft has been reported as an important adjunct to
achieve successful graft preservation.'6'26 A muscle flap
provides well-perfused autologous tissue to deliver nutri-
ents and blood cells necessary to combat infection in the
wound.26 However, the vast majority of our patients
were successfully managed by repeated, operative wound
debridement and antibiotic or povidine-iodine-soaked
dressing changes until the wounds healed by delayed sec-
ondary intention. Thus, we believe that placement of a
muscle flap is not essential to achieve a high rate of suc-
cessful graft preservation. However, recently, we have

been using this technique more frequently because it
may shorten hospital stay. In our experience, however,
this should only be done when healthy granulation tissue
is present and the wound has minimal evidence of resid-
ual infection.'6
Many of our patients with infected occluded pros-

thetic grafts did not require secondary revascularization
procedures to achieve limb salvage because of another
nonstandard aspect of our management scheme. Over-
sewing a small cuff of prosthetic graft on the underlying
artery after excision ofthe thrombosed remainder of the
graft maintained patency ofthe artery and often allowed
adequate perfusion of the threatened extremity through
important collaterals. We have demonstrated that the
majority of wounds treated in this manner remained
healed after long-term follow-up. Oversewing of a small
graft patch is most applicable for infected occluded pros-
thetic grafts in the groin to maintain patency of the deep
femoral artery.'4 Additionally, when an aortofemoral
graft requires complete excision and an axillodistal su-
perficial femoral bypass is performed, this technique al-
lows arterial retrograde flow into a patent external iliac
artery to perfuse the internal iliac artery and maintain
pelvic and rectal circulation. Others have proposed plac-
ing an autologous tissue patch (vein or endarterectom-
ized segment of occluded superficial femoral artery) on
the involved arteriotomy or using in situ autologous con-

21"3 owe33 weduits after prosthetic graft excision. ' However,
have observed a high rate of rupture of autologous
patches or grafts when they are placed in an infected
field. We have therefore sought an alternative to this
technique.9'1 1,14

Other recent observations support the concept that
some infected grafts may be salvaged or may not require
complete excision.30'34 When coagulase-negative Staph-
ylococcus epidermidis is the only organism cultured
from the wound, Bandyk and his associates have re-
ported excellent results by excising the infected extracav-
itary prosthetic graft segment and replacing it with a new
in situ interposition polytetraflouroethylene graft.34 In
light of our results with complete graft preservation in
this setting, one must question the necessity for replacing
the graft. Moreover, because we were able to salvage
grafts in wounds infected with organisms other than S.
epidermidis, we believe the nature of the host-bacteria
interaction is a more important determinant of success-
ful prosthetic graft preservation than is the identity ofthe
infecting organism.

In contrast to others who have recommended the use
of obturator bypasses,3'35 secondary revascularization
procedures generally were accomplished by performing
new bypasses tunneled laterally through sterile fields to
avoid the infected wound. This approach has proven to
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be simpler than and as effective as obturator bypasses.
Often, it is necessary to tunnel the graft lateral to the an-
terior superior iliac spine if the groin wound extends far
laterally. For groin infections involving a femorodistal
graft, we preferentially have used the thoracic aorta, the
abdominal aorta, or the iliac artery approached through
a retroperitoneal incision as proximal inflow sources. We
also have used the axillary artery in poor-risk patients
or when the aortoiliac system is diseased. Preoperative
arteriography of the aortic arch, aortoiliac system, and
outflow tracts is recommended, ifpossible, before all sec-
ondary bypasses. 9,36
Complete graft preservation was attempted in less

than half (5 1) ofthe infected grafts because the other pa-
tients had contraindications to graft preservation-a dis-
rupted anastomosis, sepsis, or an occluded graft. Patients
with infected grafts with hemorrhage, pseudoaneurysms,
or systemic sepsis represent extremely virulent manifes-
tations of infection. We believe that this virulence is re-
lated more to individual host-bacterial interaction than
to the identities ofthe causative organisms per se. In this
series, aprroximately one quarter ofthe patients who had
one of these virulent manifestations died, despite imme-
diate graft excision. Although there have been occasional
reports of successful graft preservation in the setting of
anastomotic disruption,26 we believe that the safest
method to prevent recurrent hemorrhage in these cases
is graft excision.2'9 Similarly, patients with infected ex-
tracavitary prosthetic grafts with severe systemic sepsis
are best managed by immediate total graft excisions.2'3'9
To rid these critically ill patients of infection as quickly
as possible, all infected prosthetic material must be re-
moved. In addition, an occluded graft mandates at least
subtotal graft excision because organized thrombus in
the graft cannot be sterilized and will continue to be a
focus of infection.'
Although gram-negative bacteria have been reported

to be more virulent than gram-positive bacteria,37'38 we
found similar rates of successful graft preservation
whether gram-negative or gram-positive bacteria were
cultured from the wound, with one notable exception.20
Pseudomonas was the only bacteria identified that corre-
lated with a low rate of successful graft preservation.
Pseudomonas was cultured in 25 wounds in the current
series, but complete graft preservation was attempted in
only 10 patients who fulfilled our previously mentioned
criteria. A successful outcome was accomplished in only
40%4 of these cases. Pseudomonas aeruginosa is rela-
tively resistant to antibiotics, has a high adaptability to a
wide variety of physical conditions, and produces elas-
tase and alkaline protease, which lead to arterial wall dis-
ruption by inhibiting phagocytosis and degrading elastin,
collagen, and fibrin.38 These considerations may explain
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the poor results of attempted graft preservation when
Pseudomonas is cultured, and for these reasons, we gen-
erally favor graft excision in these cases, unless no other
alternative for revascularization exists.
Although our management scheme continues to

evolve and several questions remain unanswered, we be-
lieve that our current strategy to treat extracavitary pros-
thetic graft infections represents an important alterna-
tive method to treat these often devastating complica-
tions. Using this method, improved amputation rates
have been achieved without sacrificing patient survival.
When used selectively, this graft-preserving manage-
ment approach can be effective, particularly for severely
ill patients or those with major risk factors who require
treatment ofan infected peripheral prosthetic graft.

References

1. Szilagyi DE, Smith RF, Elliott JP, Vrandecic MP. Infection in ar-
terial reconstruction with synthetic grafts. Ann Surg 1972; 16:321 -
333.

2. Bunt TJ. Synthetic vascular graft infections. I. graft infections. Sur-
gery 1983; 6:733-746.

3. Shaw RS, Baue AE. Management of sepsis complicating arterial
reconstructive surgery. Surgery 1963; 53:75-79.

4. Veith FJ, Hartsuck JM, Crane C. Management ofaortoiliac recon-
struction complicated by sepsis and hemorrhage. N Engl J Med
1964; 270:1389-1392.

5. Liekweg WG, Greenfield U. Vascular prosthetic infections: col-
lected experience and results of treatment. Surgery 1977; 81:335-
342.

6. Lorentzen JE, Nielsen OM, Arendrup H, et al. Vascular graft in-
fection: an analysis of sixty-two graft infections in 2411 consecu-
tively implanted synthetic vascular grafts. Surgery 1985; 98:81-86.

7. Kikta MJ, Goodson SF, Bishara RA, et al. Mortality and limb loss
with infected infrainguinal bypass grafts. J Vasc Surg 1987; 5:566-
571.

8. Yeager RA, McConnell DB, Sasaki TM, Vetto RM. Aortic and
peripheral prosthetic graft infection: differential management and
causes of mortality. Am J Surg 1985; 150:36-43.

9. Veith FJ. Surgery of the infected aortic graft. In Bergan JJ, Yao
JST, eds. Surgery of the Aorta and Its Body Branches. New York:
Grune & Stratton, 1979, pp 521-533.

10. Bhat DJ, Tellis VA, Kohlberg WE, et al. Management of sepsis
involving expanded polytetraflouroethylene grafts for hemodialy-
sis access. Surgery 1980; 87:445-450.

11. Samson RH, Veith FJ, Janko GS, et al. A modified classification
and approach to the management of infections involving periph-
eral arterial prosthetic grafts. J Vasc Surg 1988; 8:147-153.

12. Calligaro KD, Westcott CJ, Buckley M, et al. Infrainguinal anasto-
motic arterial graft infections treated by selective graft preserva-
tion. Ann Surg 1992; 216:74-79.

13. Calligaro KD, Veith FJ. Diagnosis and management of infected
prosthetic aortic grafts. Surgery 1991; 110:805-813.

14. Calligaro KD, Veith FJ, Gupta SK, et al. A modified method for
management of prosthetic graft infections involving an anastomo-
sis to the common femoral artery. J Vasc Surg 1990; 11:485-492.

15. Lineaweaver W, Howard R, Soucy D, et al. Topical antimicrobial
toxicity. Arch Surg 1985; 120:267-270.



Vol. 220 . No. 4

16. Calligaro KD, Veith FJ, Sales CM, et al. Comparison of muscle
flaps and delayed secondary intention wound healing for infected
lower extremity arterial grafts. Ann Vasc Surg 1994; 8:31-37.

17. DeLaurentis DA. The descending thoracic aorta in reoperative sur-
gery. In Bergan JJ, Yao JST, eds. Reoperative Arterial Surgery.
Orlando, FL: Grune & Stratton, 1986, pp 195-203.

18. Veith FJ, Ascer E, Gupta SK, Wengerter KR. Lateral approach to
the popliteal artery. J Vasc Surg 1987; 6:119-123.

19. Nunez AA, Veith FJ, Collier P, et al. Direct approaches to the distal
portions of the deep femoral artery for limb salvage bypasses. J
Vasc Surg 1988; 8:576-581.

20. Calligaro KD, Veith FJ, Schwartz ML, et al. Are gram-negative
bacteria a contraindication to selective preservation of infected
prosthetic arterial grafts? J Vasc Surg 1992; 16:337-346.

21. Ehrenfeld WK, Wilbur BG, Olcott CN, Stoney RJ. Autogenous
tissue reconstruction in the management of infected prosthetic
grafts. Surgery 1979; 85:82-92.

22. Veith FJ, Gupta SK, Samson RH, et al. Progress in limb salvage
by reconstructive arterial surgery combined with new or improved
adjunctive procedures. Ann Surg 1981; 194:386-401.

23. Carter SC, Cohen A, Whelan TJ. Clinical experience with manage-
ment ofthe infected Dacron graft. Ann Surg 1963; 158:249-251.

24. Kwaan JH, Connolly JE. Successful management of prosthetic
graft infection with continuous povidone-iodine irrigation. Arch
Surg 1981; 116:716-720.

25. Cherry KJ, Roland CF, Pairolero PC, et al. Infected femorodistal
bypass: is graft removal mandatory? J Vasc Surg 1992; 15:295-
305.

26. Perler BA, Vander Kolk CA, Dufresene CR, et al. Can infected
prosthetic grafts be salvaged with rotational muscle flaps? Surgery
1991; 110:30-34.

27. Hollier LH, Money SR, Creely B, et al. Direct replacement of my-
cotic thoracoabdominal aneurysms. J Vasc Surg 1993; 18:477-
485.

28. Torsello G, Sandmann W, Gehrt A, Jungblut RM. In situ replace-
ment ofinfected vascular prostheses with rifampin-soaked vascular
grafts: early results. J Vasc Surg 1993; 17:768-773.

29. Svenson L, Crawford ST. Management ofinfected thoracoabdom-
inal grafts. In Calligaro KD, Veith FJ, eds. Management ofInfected
Arterial Grafts. St Louis: Quality Medical Publishing Inc, 1994.

30. Miller JH. Partial replacement of an infected arterial graft by a
new prosthetic polytetrafluoroethylene segment: a new therapeutic
option. J Vasc Surg 1993; 17:546-558.

31. Kieffer E, Bahnini A, Koskas F, et al. In situ allograft replacement
of infected infrarenal aortic prosthetic grafts: Results in forty-three
patients. J Vasc Surg 1993; 17:349-356.

32. Seeger JM, Wheeler JR, Gregory RT, et al. Autogenous graft re-
placement ofinfected prosthetic grafts in the femoral position. Sur-
gery 1983; 93:39-45.

33. Clagett GP, Bowers BL, Lopez-Viego MA, et al. Creation ofa new-
aortoiliac system from lower extremity deep and superficial veins.
Ann Surg 1993; 218:239-249.

34. Bandyk DF, Bergamini TM, Kinney EV, et al. In situ replacement
of vascular prostheses infected by bacterial biofilms. J Vasc Surg
1991; 13:575-583.

35. Guida PM, Moore WS. Obturator bypass technique. Surg Gynecol
Obstet 1969; 128:1307-1316.

36. Calligaro KD, Ascer E, Veith FJ, et al. Unsuspected inflow disease
in candidates for axillofemoral bypass operations: a prospective
study. J Vasc Surg 1990; 11:823-827.

37. Geary KJ, Tomkiewica AM, Harrison HN, et al. Differential
effects ofa gram-negative and a gram-positive infection on autoge-
nous and prosthetic grafts. J Vasc Surg 1990; 11:339-347.

Infected Extracavitary Prosthetic Grafts 469

38. Pollack M. Pseudomonas aeruginosa. In Mandell GL, ed. Princi-
ples and Practice of Infectious Disease. 3rd ed. New York:
Churchill Livingstone, 1990, pp 1673-1691.

Discussion

DR. LAZAR J. GREENFIELD (Ann Arbor, Michigan): I'd like
to congratulate Dr. Calligaro on an excellent presentation and
express my gratitude for an opportunity to review the manu-
script prior to the meeting. This extensive experience with in-
fected peripheral prosthetic arterial grafts is not likely to be en-
vied by other surgeons since graft infection is the nemesis ofthe
vascular surgeon.

It is important to emphasize, as the authors did, that the
effort to salvage the graft was considered appropriate in less
than halfof their cases since their exclusion criteria eliminated
occluded grafts, a bleeding episode, or evidence of sepsis. These
problems still require graft excision and it was clear from the
authors' experience that in all patients there was better wound
healing when the graft was excised.

In 35 of 41 occluded grafts, a remnant was left at the anasto-
mosis to preserve patency of the underlying artery, although 6
ofthese patients later required excision. Since autologous tissue
is usually preferred for this type of closure and since not all
patients were treated this way, it would be helpful to know how
the decision was made to preserve the remnant and whether the
closure was reinforced by other healthy tissue.

All of these patients received intravenous antibiotics for ap-
proximately 6 weeks and it's presumed that they were then con-
verted to oral antibiotics. The planned duration of antibiotic
therapy would be of interest, particularly in those patients who
still have a graft remnant.

It's a little surprising that only 9 of the 120 patients were
treated with a muscle flap and of these, only 5 healed com-
pletely. The manuscript mentions two sartorius flaps that be-
came necrotic, and this is certainly discouraging.

Dr. David Smith in our department has pointed out that the
blood supply of the sartorius is segmental and that mobilizing
it to fold it over can make it ischemic. A further limitation is
the fact that the blood supply is from the superficial femoral
artery, which is often obstructed in these patients. His experi-
ence has been more favorable with the use of the rectus abdo-
minis, which has a blood supply on a pedicle allowing it to be
positioned to cover a graft. He's also been able to demonstrate
that healthy muscle can compete very effectively with bacteria
to promote healing. I wonder ifthe authors have had any expe-
rience with the use ofthis particular approach.

Finally, antibiotic therapy and our ability to support the nu-
tritional needs of the patient have improved significantly over
the past 20 years. These may also have influenced the authors'
results in addition to their superb technique for taking care of
the infected wound.
When we reviewed the published literature in 1977, there

were reports on only 55 cases of infected femoropopliteal by-
pass grafts, 21 ofwhich had been treated by leaving the graft in
place with an 8 1% recovery rate. But considering the expected
amputation rate of 36% with infected grafts, the authors' suc-


