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ABSTRACT

Background: Recurrence of pressure ulcers remains common. We have employed
resorbable antibiotic beads as a therapeutic strategy to deliver high local antibiotic
concentrations to the debridement site. Our objective was to determine whether the use of
resorbable antibiotic- beads would reduce pressure ulcer recurrence.

Methods: We reviewed all stage IV pressure ulcers treated with excision, partial
ostectomy and flap coverage over 16 years. Baseline patient factors (location of ulcer,
presence of osteomyelitis, preoperative prealbumin), surgical factors (type of flap, use of
antibiotic beads, bone culture results) and postoperative outcomes (ulcer recurrence at 1
year, dehiscence, seroma, cellulitis) were collected. Outcomes of patients who received
antibiotic-impregnated beads were compared to those who did not.

Results: 86 patients with 120 stage IV pressure ulcers underwent excision and flap
coverage. This included 16 ulcers where antibiotic beads were used, and 104 where they
were not. The overall ulcer recurrence rate at 12 months was 35.8%. The recurrence rate
in the group treated with antibiotic beads was significantly lower than the group without
beads (12.5% vs. 39.4%, p=0.03). Overall, complication rates between the two groups
were similar (43.8% vs. 51.9%, p=0.54). No systemic or local toxicity from antibiotic

beads occurred. Scanning electron microscopy images of sacral bone from one case
showed bacterial

biofilm even after debridement.
Conclusions: Pressure ulcer recurrence at 1 year after excision and flap coverage

decreased significantly with the use of resorbable antibiotic beads.
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INTRODUCTION

Pressure ulcers are quite common in acutely and chronically ill patients.' Surgical
treatment of these ulcers consists of bone and soft tissue excision, and coverage with a
flap. However, even with this radical approach, recurrence rates remain as high as 80%.’
We hypothesized that persistent infection such as underlying osteomyelitis is a major
contributor to recurrence.’

Intraoperatively, any infected or necrotic bone should be debrided, and bone
samples should be obtained to direct postoperative antibiotics.* Despite adequate
debridement and antibiotics, many patients still have persistent osteomyelitis. Infected
bone has poor blood supply, and even when intravenous antibiotics are appropriately
dosed to reach therapeutic serum levels, the local concentration is often sub-therapeutic.’
An exacerbating factor is bacterial encasement within biofilm, which limits effectiveness
of intravenous antibiotics.® Biofilm consists of extracellular polymeric substance (EPS)
including extracellular DNA, polysaccharides and proteins. It represents a protected
mode of bacterial growth. Bacteria within biofilm avoid eradication by targeting and
disabling neutrophils, and increasing antibiotic recalcitrance.® Importantly, bacteria
within biofilm are not reliably detected by standard culture techniques’ and require
scanning electron microscopy (SEM) to detect/diagnose. Biofilm readily recurs after
debridement,® but debridement can temporarily convert bacteria to a planktonic state
making them susceptible to antibiotics.’

Biofilm could potentially decrease the success of flap reconstruction, because it

disables skin-barrier function through down regulation of tight junction proteins, leading

to increased transepidermal water loss and loss of skin barrier function.® Biofilm is also is
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capable of inducing expression of ceramidases and matrix metalloproteinases that
degrade overlying soft tissues'® theoretically leading to sinus tracts and ulcer recurrence.
Orthopedic surgeons have faced similar issues with open extremity fractures and
infected arthroplasties. They have used antibiotic-impregnated beads placed into the
operative site after debridement to provide much higher local concentrations of
antibiotics at the bone surface than could be provided via the intravenous route’ without
significantly raising systemic antibiotic levels.'' Those high local antibiotic levels have
been shown to lower bacterial counts significantly.'>'*!'* In addition, those beads have a
large bacterial zone of inhibition.'® Clinically, treatment of open fractures with antibiotic
beads have lowered the rate of infectious complications and chronic osteomyelitis,
compared to intravenous antibiotics alone in retrospective studies.'® Although there is

16.17 and the use of antibiotic beads has been

compelling data from retrospective studies
widely adopted, there has not been a well-designed randomized controlled trial on the use
of antibiotic beads in open fractures. The lack of level I evidence has led the Surgical
Infection Society to state in a 2006 publication that the evidence is insufficient to endorse
the use of antibiotic-impregnated beads.'®

The vast majority of orthopedic literature on antibiotic beads used non-absorbable
beads. Performing a second operation to retrieve antibiotic impregnated beads is not an
option with pressure ulcer flap surgery. The use of absorbable antibiotic beads in humans

1s a very recent development. We sought to determine whether absorbable antibiotic

beads are efficacious in decreasing the rates of flap failure and pressure ulcer recurrence.

infection, was causing flap failure, and that the beads would deliver high levels of
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antibiotics directly to the bone that systemic antibiotics may not be able to achieve."

Since 2013 the senior author has used resorbable antibiotic-impregnated beads as an

adjunct to pressure ulcers excision and flap coverage. In this retrospective analysis we compare the
outcomes of pressure ulcers that were treated with antibiotic-impregnated beads to those

that were not.

MATERIALS AND METHODS
Patient Management

All patients with stage IV pressure ulcers underwent a careful preoperative
workup. This included investigation into the contributing factors of the ulcer (unrelieved
pressure, poorly padded wheelchair cushion, shear, moisture, malnutrition,
noncompliance, poor social support), and those factors were addressed preoperatively.
Fecal and/or urinary diversion was performed if necessary. Nutrition was optimized
preoperatively, with a goal prealbumin above 15 mg/dL. The presence and extent of
osteomyelitis for all patients was determined pre-operatively using C-reactive protein,
erythrocyte sedimentation rate, pelvic radiographs, magnetic resonance imaging or white
blood cell scans. Preoperative pressure mapping was obtained.

Operative management consisted of methylene blue-guided ulcer bursectomy,
excision of heterotopic bone, and excision of infected bone defined as residual healthy
cancellous bone with pinpoint bleeding and no sharp edges. Any necrotic or soft bone
was removed. Bone cultures were obtained from the residual bone after debridement. In

2013, we started using resorbable antibiotic-impregnated calcium-sulfate beads

(Stimulan@, Biocomposites Ltd., Keele, UK) for patients with localized osteomyelitis.
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10cc of standard Stimulan™ was mixed with 1g of vancomycin and 300mg of tobramycin,
placed into a mold to form 4.8mm beads, and allowed to cure for 8§ minutes. The beads
were then placed in the ulcer cavity after debridement and prior to flap inset. Wound
coverage was achieved with primary closure or a flap, depending on the amount of dead
space. Ischial pressure ulcers were covered with gluteal myocutaneous rotation flaps or
posterior thigh/hamstring advancement flaps. Sacral pressure ulcers were covered with
gluteal myocutaneous rotation flaps or gluteal fasciocutaneous V-Y advancement flaps.
Trochanteric pressure ulcers were covered with tensor fascia lata myocutaneous flaps.

For femoral head osteomyelitis, femoral head resection was performed, with a vastus
lateralis muscle flap to obliterate any dead space.

Postoperatively, vancomycin and tobramycin serum levels were checked on
postoperative day 1. All patients were kept on flat bedrest on an air-fluidized (Dolphin
Bed, Wound Systems, Atlanta, GA) or alternating pressure mattress for 6 weeks. All
patients with positive bone cultures were treated with culture-directed antibiotics with
guidance from the infectious disease service, regardless of whether antibiotic beads had
been used or not. Patients were kept in the hospital for one week then discharged to home
or skilled nursing facility.

After 6 weeks, patients were allowed to advance their activity. In patients who
underwent ostectomy, repeat pressure mapping was obtained. All patients were followed

for at least one year postoperatively.

Scanning Electron Microscopy
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Tissue samples obtained intraoperatively were processed and imaged as described
previously.”® In brief, samples were collected and fixed in 2.5% glutaraldehyde solution
in 0.2M phosphate buffer. Following graded ethanol dehydration, samples were treated
with hexamethyldisilazane (HMDS, Ted Pella Inc., Redding, CA) and left to dry
overnight. Before scanning, samples were mounted on pin stub and coated with gold-
palladium. SEM was done using a FEI™ Nova nano SEM (FEI™, Hillsboro, OR)

equipped with field-emission gun electron source used for imaging.

Case series
After Institutional Review Board approval was obtained (The Ohio State

University, Protocol# 2015E0443), a retrospective review of all patients who underwent
pressure ulcer excision and flap coverage by the senior author between 1999 and 2014
was performed. Patients with at least one-year follow-up were included, otherwise none
were excluded. Baseline patient factors, surgical factors and postoperative outcomes
(ulcer recurrence, superficial dehiscence, seroma, cellulitis) were collected. Pressure
ulcer recurrence was defined as a deep non-healing wound at the site of the flap occurring
within 1 year of surgery. Superficial dehiscence was defined as a skin-only separation of
the incision that healed with dressing changes. Outcomes of patients who received
antibiotic-impregnated beads were compared to those who did not, using chi-squared

analysis and the Fisher’s exact test, with p<0.05 as a threshold for statistical significance.

RESULTS
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86 patients with 120 stage IV pressure ulcers underwent excision and flap
coverage between 1999 and 2014. These included 80 ischial ulcers,
22 sacral ulcers, 7 trochanteric ulcers, 11 femoral head osteomyelitides. Antibiotic-
impregnated beads were used in 16 ulcers, and were not used in 104 ulcers (Table 1).
At 12 months, 43 of 120 (35.8%) ulcers had recurred. This included two ulcers in the
antibiotic bead group (12.5%), and 41 ulcers in the no-bead group (39.4%, p=0.037).
Patients in the bead group had a lower recurrence rate than patients in the no-bead group

for all four types of pressure ulcers, although the differences were not statistically
significant.

Two patients in the antibiotic bead group developed a postoperative seroma that required
percutaneous drainage (Table 1). Results of intraoperative bone cultures demonstrated
gram-positive cocci in 26.8% of cases, gram-positive bacilli in 8.9%, gram-negative
bacilli in 25%, fungus in 5.4%, and no growth in 33.9%. There were no significant
differences in bone culture results between patients in the antibiotic bead group and those

in the no-bead group (Table 1). Patients with more than one pressure ulcer did not have a
higher recurrence rate than patients with one pressure ulcer.

To determine whether occult biofilm infection may be present in ulcers after
surgical debridement, SEM images of a stage IV sacral pressure ulcer from one patient that
had been treated twice with intravenous antibiotics for methicillin-resistant
Staphylococcus aureus osteomyelitis (MRSA) are shown in Figure 1. Half of each tissue
biopsy collected for SEM was sent to hospital microbiology for culture. Figure 1a shows
the pressure ulcer in the OR prior to debridement with no exposed bone. Figure 1b is the

SEM from the first piece of granulation tissue removed from the wound. A cluster of
classic descriptions of bacterial biofilm infection.
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bacterial cocci over a robust biofilm is seen coating the wound surface, consistent with

classic descriptions of bacterial biofilm infection.
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Figure 2a shows the pressure ulcer from the patient after debridement. Figure 2b shows a biopsy
of the soft tissue after debridement. Figures 2c and 2d show SEM of the bone after
thorough debridement, demonstrating massive coating of bacterial cocci and rods on
sacral bone covered with bacterial biofilm. It should be noted that cultures from these
post-debridement bone and soft tissue biopsies were negative. Figure 3 shows the
antibiotic-impregnated beads in the debrided pressure ulcer, followed by V-Y flap closure
of the ulcer. The patient was not given any post-operative IV antibiotic therapy because
the intraoperative wound tissue sent to microbiology was culture negative. The SEM
images were not available at the time of discharge. The patient had a delayed
postoperative dehiscence (28 days), and tissue biopsies at that time grew Pseudomonas
aeruginosa.

Bone culture results from our case series demonstrated a mixture of pathogens,
with the most common species being Staphylococcus, Streptococcus, Pseudomonas,
Acinetobacter and Escherichia, all of which were sensitive to vancomycin and/or
tobramycin. We did not observe development of antibiotic resistance with the use of
antibiotic beads: of the two patients who received antibiotic beads and had an ulcer
recurrence, one grew Pseudomonas aeruginosa, which was sensitive to tobramycin, and
the second grew Pseudomonas aeruginosa and MRSA, sensitive to tobramycin and
vancomycin, respectively. We encountered two postoperative seromas among the patients
who received antibiotic beads, despite placement of a closed-suction drain under the flap.
Both seromas resolved after percutaneous drainage. Random levels of vancomycin and

tobramycin were obtained on post-operative day 1 for all patients with beads. Elevated

serum levels were not observed.
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For ischial pressure ulcers, primary closure tended to have the highest recurrence
rate at 1 year (60%), followed by posterior thigh/hamstring advancement flaps (50%) and
gluteal myocutaneous rotation flaps (37%). However, none of the differences were

statistically significant.

DISCUSSION
This is the first report detailing the outcomes of the use of dissolvable antibiotic

beads as an adjunct in the treatment of pressure ulcers. Our retrospective study provides a
long-term,

single-surgeon experience with comprehensive treatment of pressure ulcers. The surgical
technique remained consistent throughout the study period, except for the introduction of
antibiotic-impregnated beads in 2013 in patients with a pre-operative diagnosis of
osteomyelitis. Our study may have confounders that are difficult to measure and control,
such as patient compliance with pressure offloading. To address these differences, which
would be most significant in the acute post-operative period, we used the rate of ulcer
recurrence at 12 months as our primary outcome measure.

Among the patients who received antibiotics beads, there was a higher
proportion of patients who underwent femoral head ostectomy and vastus lateralis flap,
compared to the patients who did not receive antibiotic beads. This is unlikely to have
affected our results, since antibiotic beads decreased pressure ulcer recurrence rates for all
types of pressure ulcers (Table 1). The decreases in ulcer subgroups were not statistically

significant, most likely due to small number of ulcers studied (n=16). It is important to

amenable to surgical resection. Patients with diffuse pelvic osteomyelitis that is not
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note that antibiotics beads were only used in patients with focal areas of osteomyelitis

amenable to surgical resection. Patients with diffuse pelvic osteomyelitis that is not
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amenable to resection necessary to disrupt biofilm would be unlikely to benefit from
beads or even IV antibiotics.”

This study illustrated, using SEM, the presence of bacterial
biofilm infection in a pressure ulcer after aggressive intra-operative surgical debridement.
This observation may have two very important implications: 1) surgical excision alone, even when
performed aggressively, may not eliminate biofilm and 2) conventional bacterial culture
techniques are inadequate to diagnose bacterial biofilm infection, since the patient from
Figure 2 had negative post-debridement cultures. This is consistent with work that we
have previously reported where 6 patients had SEM evidence of biofilm infection on
sternal wires, but only 1 of those 6 patients had positive wound cultures’. This suggests
the need for better culture methods and more effective surgical techniques directed
toward biofilm eradication. Advanced methods, such as scanning electron microscopy
and metagenomic footprinting,20 would be much more sensitive for identifying non-
culturable organisms. Sample sonication to recover bacteria in a planktonic state is used
in research laboratories studying microbial biofilm, and may also be a useful adjunct for
clinical microbiology laboratories.”' The dehiscence in the culture-negative pressure ulcer
patient presented in Figures 2 & 3 indicates that beads alone may not be sufficient and
that the addition of intravenous antibiotics is necessary to resolve infection. A case series
of 1,085 consecutive limb fractures showed a decrease infection rate from 12% to 3.7%
in patients treated with systemic antibiotics vs. antibiotics plus antibiotic impregnated
non-absorbable beads.!” Such studies were done with non-absorbable beads but suggest

that the best possible outcomes likely result from the combination of systemic and topical

antibiotic therapy.
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Pharmaceutical-grade calcium sulfate is a biocompatible powder and dissolves
over a six-week period while releasing its antibiotic content. It does not require removal
like non-dissolvable polymethylmethacrylate (PMMA) beads, which have been used for
many years. Unlike PMMA, pharmaceutical-grade calcium sulfate cures at low
temperature, thus allowing heat-sensitive antibiotics to be mixed in. High local antibiotic
concentrations from antibiotic beads have not been found to be toxic to fibroblasts,’ nor
have they been found to result in bacterial resistance.'? If elevated serum levels were ever
encountered, saline irrigation through the closed-suction drains would be used to dissolve
the beads. There have been case reports of delayed hypersensitivity reactions to beads
impregnated with piperacillin-tazobactam,* but not to vancomycin or tobramycin.
Vancomycin and tobramycin should be avoided in patients with renal impairment. Not all
antibiotics, e.g. gentamicin, are compatible with the beads.

This study has several limitations. It is a retrospective study with historical
controls, which introduces bias. Our study also has a small sample size in the beads
group, and we only obtained SEM images from one patient. A future confirmation study
would be a randomized-controlled trial where one group of patients would receive plain
calcium sulfate beads without antibiotics, and the other group would receive beads
impregnated with antibiotics.

The change in clinical practice to incorporate antibiotic beads was inspired by the
hypothesis that persistent infection contributed to the high rates of pressure ulcer
recurrence rate. The lower recurrence rate with antibiotic beads and the SEM images of

biofilm infection after aggressive surgical debridement are important evidence that

support that hypothesis. It is important to keep in mind that the effectiveness of antibiotic
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beads in the treatment of persistent bacterial biofilm after debridement is simply a
hypothesis. While the current findings are not definitive, they provide an important initial proof of
concept and perhaps a new paradigm for understanding the role of occult infection, and

especially biofilm infection, in the clinically vexing problem of pressure ulcer recurrence.

CONCLUSION

The rate of pressure ulcer recurrence at 1 year after excision and flap coverage
decreased significantly with the use of resorbable antibiotic-impregnated beads. We
observed persistent bacterial biofilm infection in a pressure ulcer even after operative
debridement. Antibiotic beads in conjunction with debridement may have utility in the

eradication of this persistent infection to reduce the risk of pressure ulcer recurrence.
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TABLES AND FIGURES LEGEND

Table 1: Baseline characteristics and outcomes of the patients included in the study

Figure 1: Pre-debridement biofilm detection in a stage 4 sacral pressure ulcer with

history of MRSA osteomyelitis.

a) Sacral pressure ulcer prior to surgical debridement and flap coverage
b) Scanning electron microscopy image of tissue biopsy taken before surgical
debridement (10,000x magnification). Mushroom like projections of cocci

emanate from the biofilm-coated surface of the wound

Figure 2: Post-debridement images showing persistent bacterial biofilm despite radical

excision of pressure ulcer

a)

b)

d)

Appearance of sacral pressure ulcer after full, en-bloc excision of ulcer bursa.
The aggressive approach results in removal of all ulcer and periwound fibrotic
tissue

SEM of soft tissue biopsy (10,000x magnification) taken at completion of
debridement shows mushroom like projection of cocci emanating from biofilm-
coated surface of wound

SEM of bone biopsy obtained at completion of debridement (2,500x
magnification) shows that the majority of the bone is covered in cocci (arrow).
The asterisk indicates an area of bone trabeculae without any bacteria.

SEM of bone biopsy taken at completion of debridement (10,000x

magnification) reveals both cocci and rods adherent to the bone trabeculae

(trabeculae indicated by the white asterisk). The white arrow indicates the
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presence of extracellular polymeric substance that creates the biofilm, and the
white circle is next to a bacterial rod.
Figure 3:
a)  Placement of resorbable antibiotic-impregnated beads for treatment of sacral
pressure ulcer

b) V-Y fasciocutaneous flap closure of sacral pressure ulcer
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Figure 1: Pre-debridement biofilm detection in a stage 4 sacral pressure ulcer with history of MRSA
osteomyelitis.
a) Sacral pressure ulcer prior to surgical debridement and flap coverage
b) Scanning electron microscopy image of tissue biopsy taken before surgical debridement (10,000x
magnification). Mushroom like projections of cocci emanate from the biofilm-coated surface of the wound
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Figure 2: Post-debridement images showing persistent bacterial biofilm despite radical excision of pressure
ulcer
a) Appearance of sacral pressure ulcer after full, en-bloc excision of ulcer bursa. The aggressive approach
results in removal of all ulcer and periwound fibrotic tissue
b) SEM of soft tissue biopsy (10,000x magnification) taken at completion of debridement shows mushroom
like projection of cocci emanating from biofilm-coated surface of wound
c) SEM of bone biopsy obtained at completion of debridement (2,500x magnification) shows that the
majority of the bone is covered in cocci (arrow). The asterisk indicates an area of bone trabeculae without
any bacteria.

d) SEM of bone biopsy taken at completion of debridement (10,000x magnification) reveals both cocci and
rods adherent to the bone trabeculae (trabeculae indicated by the white asterisk). The white arrow indicates
the presence of extracellular polymeric substance that creates the biofilm, and the white circle is next to a

190x172mm (72 x 72 DPI)
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Figure 3:
a) Placement of resorbable antibiotic-impregnated beads for treatment of sacral pressure ulcer
b) V-Y fasciocutaneous flap closure of sacral pressure ulcer

340x99mm (72 x 72 DPI)
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Table 1: Baseline characteristics and outcomes of the patients included in the study

Antibiotic beads No beads p value
Patients 15 71
Ulcers 16 104
Ischial 56.3% 68.3% NS
Sacral 6.3% 20.2% NS
Trochanteric 0% 6.7% NS
Femoral head osteomyelitis 37.5% 4.8% <0.05
Procedure performed
Primary closure 6.3% 17.3% NS
Gluteal rotation flap 43.8% 50% NS
Gluteal V-Y advancement flap 6.3% 7.7% NS
Posterior thigh/hamstring flap 6.3% 14.4% NS
Tensor fascia lata flap 0% 5.8% NS
Femoral head ostectomy and 37.5% 4.8% <0.05
vastus lateralis
Intraoperative bone culture
No growth 25% 33.9% NS
Gram-positive cocci 25% 26.8% NS
Gram-positive bacilli 18.8% 8.9% NS
Gram-negative bacilli 25% 25% NS
Fungus 6.3% 5.4% NS
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Complications
Recurrence at 1 year
Dehiscence
Seroma
Cellulitis

Recurrence by ulcer type
Ischial
Sacral
Trochanteric

Femoral head osteomyelitis

43.8%

12.5%

18.8%

12.5%

0%

22.2%

0%

0%

51.9%

39.4%

10.6%

0%

1.9%

45.1%

28.6%

28.6%

20%

NS

0.037

NS

0.001

NS

NS

NS

NS
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