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Abstract

Objective: There is limited investigation into the use of bio-absorbable antibiotic beads for the treatment of prosthetic
vascular graft infections. Our goal was to investigate the rates of infection eradication, graft preservation, and limb
salvage in patients who are not candidates for graft explant or extensive reconstruction.

Methods: A retrospective review of patients implanted with antibiotic impregnated bio-absorbable calcium sulfate beads
at a major university center was conducted.

Results: Six patients with prosthetic graft infections were treated with bio-absorbable antibiotics beads from 2012-
2014. Grafts included an aortobifemoral, an aorto-hepatic/superior mesenteric artery, and four extra-anatomic bypasses.
Pathogens included Gram-positive and Gram-negative bacteria. Half of the patients underwent graft explant with recon-
struction and half debridement of the original graft, all with antibiotic bead placement around the graft. Mean follow-up
was 7.3 +8.3 months; all patients had infection resolution, healed wounds, and 100% graft patency, limb salvage, and
survival.

Conclusion: This report details the successful use of bio-absorbable antibiotic beads for the treatment prosthetic
vascular graft infections in patients at high risk for graft explant or major vascular reconstruction. At early follow-up, we
demonstrate successful infection suppression, graft preservation, and limb salvage with the use of these beads in a subset
of vascular patients.
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or have limited bypass options. Graft salvage or in situ

Introduction : :
replacement with autogenous tissue coverage and local

Prosthetic vascular graft infections occur in approxi-
mately 1-10% of patients and are associated with a
high rate of morbidity and mortality."> The clinical
presentation is variable and depends on the vasculature
involved. Aortic graft infections can present with
gastrointestinal hemorrhage from an aortoenteric fis-
tula, rupture from a pseudoaneurysm, and sepsis;
these are associated with a 20% mortality rate and
5-25% amputation rate.' Peripheral vascular graft
infections are also associated with significant morbidity
including sepsis, anastomotic disruption, thrombosis,
limb loss, and up to 22% mortality.'-

Traditionally, management of prosthetic graft infec-
tions included complete graft explant with extra-ana-
tomic or in situ revascularization.>* However, some
patients are unable to tolerate vascular reconstruction

wound debridement has been investigated in such situ-
ations with varying rates of success.”’
Non-absorbable antibiotic polymethylmethacrylate
(PMMA) beads have been routinely used in orthopedic
surgery for the treatment of chronic osteomyelitis and
prosthetic joint infections.®'' Recently, studies have
assessed the use of antibiotic PMMA beads for the treat-
ment of prosthetic vascular grafts for both graft salvage
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and in situ reconstruction, with acceptable graft preser-
vation and limb salvage rates.'>'® Unfortunately, these
beads are associated with an intense local inflammatory
response and require explant, which might cause chal-
lenges in deep cavitary infections. Bio-absorbable cal-
cium sulfate antibiotic beads are gaining clinical use in
orthopedic surgery for the treatment of osteomyelitis
given the decrease in wound drainage, higher local anti-
biotic concentration, decreased inflammatory response,
and absorbability.!*!"1*"1® Given these potential advan-
tages, we chose to investigate the use of bio-absorbable
antibiotic impregnated beads in infection eradication,
graft preservation, and limb salvage in the setting
of prosthetic graft infection in patients who are not
candidates for graft explant or extensive vascular recon-
struction. We present a series of intra-abdominal and
extra-cavitary prosthetic graft infections treated with
antibiotic impregnated calcium sulfate beads.

Material and methods

A retrospective review at a major university center was
conducted on all patients who had an implantation
of Stimulan (Biocomposites Ltd, Wilmington, NC)
bio-absorbable, calcium sulfate antibiotic beads for a
prosthetic vascular graft infection. This study was
approved by the Institutional Review Board of the
University of Pittsburgh. Just as the treatment of pros-
thetic graft infections with antibiotic impregnated
PMMA (non-absorbable) beads'*'* is off-label and
not the standard of care, the use of Stimulan beads in
this setting is also an off-label use of bio-absorbable
impregnated beads and all patients gave their informed
consent prior to implant. Stimulan beads were
implanted in six patients between 2012 and 2014.
Data on patient demographics, preoperative comorbid-
ities, previous procedures, clinical presentation, post-
operative adverse events, reinterventions, infection
resolution, graft preservation, and long-term outcomes
were collected for each patient. Follow-up data was
collected through 1 August 2014. Basic summary sta-
tics, such as percentage, mean, and ranges, were used.

Patient selection

Patients were selected for Stimulan bead implantation if
they had a prosthetic graft infection that required either
preservation of the original graft, or explant of the ini-
tially infected graft with in situ reconstruction with pros-
thetic graft material. Half of the patients required graft
preservation due to lack of further bypass options or
inability to tolerate further major procedures (see
Table 1, patients four to six). The remaining patients
underwent graft explant and subsequent reconstruction
with prosthetic material (Table 1, patients one to three).

At initial presentation, all patients were placed on intra-
venous broad-spectrum antibiotics, and wound cultures
were obtained preoperatively based on bedside cultures
or ultrasound-guided aspiration if applicable. Operative
exploration and debridement of necrotic and infected
tissues were then performed, with or without in situ
reconstruction, and the antibiotic beads were placed in
the surrounding tissues. Care was taken to sharply deb-
ride all the material, including the biofilm layer
surrounding the graft. Stimulan beads were prepared
per Biocomposites Ltd protocol'” (see Figure 1). Ten
mL of calcium sulfate was mixed with 1g of vanco-
mycin, 80-400mg of gentamycin, and one patient had
an additional 600 mg rifampin for an intra-abdominal
infection associated with bowel ischemia. Tissue cover-
age was performed based on the location of the graft; all
extra-cavitary infections had a rotational muscle flap. A
six-week course of antibiotics was prescribed based on
cultures, in consultation with the infectious disease ser-
vice, followed by long-term suppressive oral antibiotics.

Results
Baseline patient characteristics

Six patients between 2012 and 2014 presented with pros-
thetic vascular graft infections requiring the use of
Stimulan bio-absorbable antibiotic beads. Demographics
are presented in Table 1. All patients had multiple medical
comorbidities, including coronary artery disease (n=4),
hypertension (n=15), hyperlipidemia (z=15), diabetes
(n=13), smoking (n=15), and previous stroke or transient
ischemic attack (n=2). Two patients had hypercoagul-
able states at baseline, one of which was secondary to
metastatic ovarian cancer; both were on long-term antic-
oagulation. One patient presented with baseline end-stage
renal disease on hemodialysis.

Patient presentation

All patients presented early, within one to three months
of the last graft intervention, except for one patient who
required explant and in situ reconstruction 11 years
after an aortobifemoral (ABF) bypass; these patients
had anywhere from two to four vascular reconstruc-
tions within three months of their prosthetic graft infec-
tion (Table 1). Other risk factors for prosthetic graft
infection included gangrenous cholecystitis, urosotomy,
colostomy, lower midline incision abscess unroofed
during lysis of adhesions for a small bowel obstruction,
and an aortoenteric fistula.

The locations of the prosthetic graft infections were
both intra-abdominal and extra-cavitary. Specifically,
graft infections included an ABF bypass infection with
fluid collections at all anastomoses, an aorto-superior
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Figure 1. Preparation of Stimulan antibiotic beads: bead mixture is applied to bead mat for 3—5 min (left) to produce the antibiotic

beads (right).

mesenteric artery (SMA)/hepatic bypass graft infection,
and multiple femoral graft infections (Table 1). Infected
graft material included Dacron, bovine pericardial
patches, and polytetrafluoroethylene (PTFE).

All patients were stable on presentation with no
signs of systemic infection except Case 2, who presented
in septic shock from a thrombosed aorto-SMA /hepatic
artery bypass bowel ischemia three days post robotic
cholecystectomy. Those with extra-cavitary infections
presented with groin erythema, fullness, pain, and
drainage. CT scans were obtained to assess the extent
of the infection and to assist in operative planning.

Initial patient management

All patients were immediately started on broad-spec-
trum intravenous antibiotics to cover Gram-positive,
Gram-negative, and anaerobic bacteria (Table 1).
Bedside cultures were obtained on patients with active
drainage and patients without drainage underwent
sterile, ultrasound-guided aspiration. Patients with
intra-abdominal infections had cultures obtained
intra-operatively. We obtained blood cultures on all
of the patients as well. Bacteriology is presented in
Table 1. Half of the patients in this case series under-
went explant of their originally infected graft with in
situ reconstruction with a prosthetic graft; the other
had debridement and washout with preservation of
the original graft.

Graft explant with in situ reconstruction/extra-
anatomic reconstruction

Case 1 underwent explant of an ABF bypass graft for
expanding fluid collections around all anastomoses. In
situ reconstruction was done with a rifampin-soaked
bifurcated Dacron graft, with antibiotic beads placed

at the proximal anastomosis with omental flap cover-
age, and at the distal femoral anastomoses with sartor-
ius flap coverage. She had an uncomplicated
postoperative course, with no evidence of reinfection
to date (see Table 2).

Case 2 presented with sepsis secondary to bowel
ischemia and gross infection around a thrombosed
aorto-SMA /hepatic artery bypass. He underwent
bowel resection followed by explant of the SMA limb,
along with an iliac-SMA bypass with 8 mm ringed pro-
paten. During the third look operation, the replaced
graft was copiously irrigated and covered with anti-
biotics beads and retroperitoneal tissue. At six
months, a CT scan did not demonstrate any fluid col-
lections suggestive of active infection and duplex
demonstrated graft patency.

Case 3 presented with an infected femoral-femoral
bypass after multiple femoral explorations, and
required an axillary-femoral bypass in close proximity
to the infected field after explant of the femoral-
femoral bypass. On six-month follow-up, her axillary-
femoral bypass was patent without evidence of
infection, pseudoaneurysm, or bleeding.

Original graft preservation

All the patients treated with graft preservation (Cases
4-6) presented with groin infections and had multiple
medical comorbidities and deconditioning that pre-
cluded them further extra-anatomic bypasses; in add-
ition, Cases 4 and 6 had no further bypass options
available. In all of these cases, extensive debridement
and washout of necrotic and infected tissue were per-
formed, including the biofilm around the graft. This
was followed by implantation of Stimulan antibiotic
impregnated beads around the graft and sartorius flap
coverage, see Figure 2. An appropriate six-week course
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Figure 2. Infected prosthetic femoral graft: after debridement (left) and after placement of Stimulan antibiotic beads (right).

of intravenous antibiotics was given, followed by life-
long suppressive oral antibiotics.

In the perioperative period, one patient required a
return to the operating room for completion explant of
the distal portion of a previously, partially explanted,
thrombosed prosthetic femoral-popliteal bypass (Case
4). Another patient had a protracted hospital course for
ileus and anemia that resulted in deconditioning; how-
ever, these were not a direct complication of his groin
reconstruction (Case 0).

Mean follow-up was 7.3 & 8.3 months (2-24 months)
for all six patients. All patients had resolution or
ongoing suppression of their prosthetic graft infection.
All grafts were preserved without recurrent infection,
thrombosis, pseudoaneurysm development, or bleeding
events. There were no major amputations or mortality
in the follow-up period.

Discussion

Infections of prosthetic vascular grafts, both intra-
abdominal and peripheral bypasses, are associated
with high rates of morbidity and mortality.'
Infections associated with prosthetic bypasses are par-
ticularly pathogenic given the biofilm that promotes
adherence of the bacteria to the prosthetic material;
this impairs not only the host defense mechanisms,
but also the antimicrobial activity of intravenous anti-
biotics.! Historically, pathogens causing early graft
infection were mainly coagulase-positive staphylococci,
whereas late graft infections were mainly caused by
coagulase-negative staphylococci. More recently, graft
infection is predominately caused by S. aureus, particu-
larly  methicillin-resistant  Staphylococcus  aureus
(MRSA), S. epidermidis, and E. coli, and even more
frequently mixed infections including a variety of
Gram negative bacteria."'*'? Early infecting organisms
such as S. aureus, E. coli, Proteus, and P. aeruginosa are
typically more virulent, seen in extra-cavitary

infections, and associated with higher rates of anasto-
motic disruption and worse outcomes."*!'? As in recent
studies, the pathogens in our series included multiple
organisms, including MRSA, vancomycin-resistant
Enterococci faecalis (VRE), P. aeruginosa, and E.coli.
Traditional management of prosthetic graft infections
includes complete graft explant with extra-anatomic
revascularization.®* This may not be possible for some
critically ill patients who cannot tolerate major revascu-
larization or those with no further revascularization
options. Studies of attempted graft salvage with aggres-
sive tissue debridement alone have high rates of persist-
ent infection (up to 82%) with the need for complete
explant and an associated amputation rate of 40%.
Early studies suggested that in patients with hemo-
static and patent grafts with limited further revascular-
ization options, graft preservation could be achieved
with aggressive tissue debridement in addition to
muscle flap coverage and prolonged antibiotic therapy.’
Muscle flap coverage of a graft provides improved oblit-
eration of dead space, improve systemic antibiotic and
host immune system delivery, and improved drainage
control.” However, conflicting outcomes with muscle
flap coverage alone have been reported. Some reports
indicate high rates of survival and graft salvage of
85-90% at one year,” while others demonstrate subopti-
mal overall long-term graft salvage rates of only 50%.%7
Given its success in the orthopedic field with the
treatment of chronic osteomyelitis and prosthetic joint
infections,® '! there have been several studies that have
recently investigated the use of non-absorbable anti-
biotic PMMA beads for the treatment of prosthetic
vascular grafts for both graft salvage and in situ recon-
struction.'?!?® Stone et al.,!* have documented a zero
30-day morality rate; however, they also report a
66% graft preservation rate at 17 months follow-up,
21% limb loss, and 20% reinfection rate. Slightly
more promising results were reported by Poi et al..'?
with 86% graft preservation at 36 months, with a 13%
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limb loss, and 12% reinfection rate. While these studies
suggest that antibiotic beads have improved infection
control and graft preservation compared to muscle flap
coverage alone, the PMMA beads have a major disad-
vantage of requiring explant and are associated with a
high inflammatory reaction. Bead explant may be par-
ticularly challenging in cavitary infections as it may
require extensive re-exploration.'*!!

Recent orthopedic literature has noted good clinical
efficacy in the treatment of chronic osteomyelitis with
bio-absorbable, antibiotic impregnated calcium sulfate
beads, with no recurrent episodes of infection and a
low rate of self-limiting, wound drainage.'®!!1416
Moreover, studies have demonstrated that the concen-
tration of antibiotic released from calcium sulfate beads
was three times that of the concentration released from
the PMMA beads in vitro,'® with more consistent, pro-
longed levels of local antibiotic delivery.'>'® These beads
provide adequate local antibiotic levels for approxi-
mately 6-10 weeks, at which time they dissolve.'*

We have treated six patients with both intra-abdom-
inal and extra-cavitary prosthetic graft infections with
antibiotic impregnated calcium sulfate Stimulan beads.
Three patients underwent in situ reconstruction with
prosthetic graft, two intra-abdominal; one had an
extra-anatomical reconstruction within an infected field.
All three of these patients had control of their infection,
maintained patency of the new graft, and had 100% limb
salvage and survival. The other three patients required
primary graft preservation; this was performed with
extensive tissue debridement, bio-absorbable antibiotics
bead placement, and rotational muscle flap coverage. At
follow-up, these patients also had suppression of their
infection, maintained patency of the primary graft, and
had 100% limb salvage and survival. All patients who
had an extra-cavitary component to the infection had an
associated sartorius flap to aid in infection clearance and
wound healing. Patients were also placed on an appro-
priate course of intravenous antibiotics for six weeks,
followed by a suppressive regimen.

This report has several limitations. This series is a
retrospective review of a rare, but morbid vascular sur-
gery complication. This patient population has mul-
tiple, advanced comorbidities, with a limited life
expectancy. As a result, patient follow-up is limited to
the short and mid-term time frame given the inherent
poor prognosis of this cohort. Moreover, this study is
limited by the small sample size but does, nonetheless,
demonstrate the potential clinical efficacy of antibiotic
impregnated, bio-absorbable, calcium phosphate beads
for selective patients with prosthetic vascular graft
infection, with maintained graft patency and limb sal-
vage. Other applications of bio-absorbable antibiotics
beads in the vascular surgical patient population, such
as infected dialysis grafts, have not been explored in

this series and we limited our application of this ther-
apy to the setting prosthetic material that is required to
remain in an infected field.

Conclusion

This report describes the novel use of bio-absorbable
antibiotic impregnated beads for the treatment prosthetic
vascular grafts infections in patients at high risk for graft
explant or major vascular reconstruction. Both antibiotic
impregnated, non-absorbable PMMA beads and bio-
absorbable, calcium sulfate beads are not the standard
of care for prosthetic graft infections and represent an
off-label use of these products. However, bio-absorbable
antibiotic beads have multiple advantages, such as higher
concentrations of local antibiotic delivery, decreased
inflammation, and decreased dead space production
with gradual bead absorption. The results presented
here demonstrate a high rate of graft preservation, infec-
tion suppression, and limb salvage with the bio-absorb-
able antibiotic bead treatment and should be considered
part of the treatment algorithm for patients at high risk
for graft explant. This series calls for further clinical
investigation and longer term follow-up to determine
their definitive role in the management of prosthetic vas-
cular graft infections.
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