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Abstract

Introduction. For persons with diabetes, surgery is fraught with complications; of primary concern is postoperative
infection. A postoperative infection rate of up to 13% has been noted in patients with diabetes undergoing elective
surgical procedures compared with less than 3% in nondiabetic populations. Objective. The objective of this study
was to provide preliminary evaluation of the efficacy of a novel bioresorbable microfilm matrix (20 µm thick) containing
very low amounts of silver (0.16 mg/in²) in preventing surgical site infections when placed at the level of subcutaneous
tissue and dermis prior to primary closure in the patient with diabetes undergoing elective surgery. Materials and
Methods. Twenty-two patients with diabetes undergoing nonemergent or elective foot or ankle surgery and who met
at least 1 of the following 6 criteria were included in the study: neuropathy, infection, open wound, history of recurrent
infection, nonhealing wound, or peripheral vascular disease. Patients underwent amputation, removal of exostosis,
midfoot bone removal, Achilles tendon repair, bunionectomy, or an elevating osteotomy with primary closure of the
wound. After hemostasis was obtained and subcutaneous closure achieved, if applicable, the bioresorbable microfilm
matrix was applied just deep to the incision at the level of subcutaneous tissue and dermis, and the incision primarily
closed. A nonadherent cover dressing was applied over the suture line, and routine follow-up was scheduled for 3 to 5
days later. Results. No patient exhibited signs of infection at initial follow-up, and all adherent patients achieved
complete healing during the 3-month follow-up period. Eighteen patients healed at a rate typical for the respective
procedure. In 2 patients, time to healing was delayed secondary to weight-bearing dehiscence. Two patients were not
included in the results secondary to multiple infractions of nonadherence with the postoperative protocol.
Conclusions. The application of microfilm matrix in surgical incisions at the level of subcutaneous tissue and dermis
prior to primary closure is safe for and has the potential to prevent postoperative surgical site infections in at-risk
patients with diabetes.
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Introduction

Diabetes is continuing to rise in the United States. Currently, it is estimated that more than 34 million people in the US have
diabetes.  Surgical patients with diabetes present with several risk factors for infection, among them a compromised immune
system owing to poor glucose control, peripheral neuropathy, and potential lack of perfusion at surgical sites, which can
interfere with usual infection control methods such as systemic antibiotics.  These factors result in postoperative infection
rates of up to approximately 13% in persons with diabetes, as opposed to 3% or less in persons without diabetes.  It is
estimated that persons with diabetes are more than twice as likely as persons without diabetes to be hospitalized for
infection management and that infection management among patients with diabetes in US hospitals cost $48 billion in 2011.

Infection risk increases when an open wound is present, as is often the case in limb salvage; such risk is also linked to poor
glycemic control, which can cause the first-response cells of the immune system to become increasingly inoperative.
Peripheral neuropathy, which often is present in persons with diabetes, has been recognized as an independent leading risk
factor for postoperative infection.

Because patients with diabetes present with perfusion difficulties,  systemic antibiotics tend to be less effective than they
would be in other populations. Other challenges with systemic antibiotics include the rising tide of antibiotic-resistant
infections and adverse effects such as allergic reactions, renal insufficiency, and the development of Clostridium difficile
infection.  Although a topical silver bactericidal solution is unaffected by these downsides of systemic antibiotics, it remains
ineffective against surgical site infections (SSIs) because of its short residence time and thus its reduced therapeutic
potential. Furthermore, various silver-based antimicrobial dressings applied over sutured surgical incisions are ineffective in
preventing SSIs  because superficial application of a conventional antimicrobial dressing over a sutured surgical site may
not kill bacteria deep in the incision.

The objective of this clinical investigation was to preliminarily evaluate the efficacy of a new bioresorbable multilayered
microfilm matrix (20 µm thick) impregnated with ionic and metallic silver in preventing SSIs when placed at the level of
subcutaneous tissue and dermis prior to primary closure in patients with diabetes undergoing elective surgery. In contrast to
conventional antimicrobial cover dressings, the ultrathin microfilm matrix is both antimicrobial and bioresorbable.¹³ Therefore,
the hypothesis of this study was that the application of microfilm matrix to the exposed subcutaneous tissue of a surgical
incision prior to primary closure with sutures would provide localized, sustained antimicrobial activity while the matrix was
absorbed gradually over 1 week and may thereby lower the risk of SSI significantly in patients with diabetes.

Materials and Methods

Intervention

Microlyte Matrix (microfilm matrix; Imbed Biosciences, Inc) is an FDA-approved wound dressing indicated for the
management of surgical wounds, burns, and chronic ulcers. It is a sterile, single-use absorbent ultrathin polymeric matrix
that is only 20 µm thick. It is composed primarily of a hydrophilic, bioresorbable polymer (polyvinyl alcohol) that can rapidly
absorb and maintain wound fluid within the wound bed and has an additional polymeric surface coating containing ionic and
metallic silver. It has very low amounts of silver (0.16 mg/in , or 1 ppm when a 5 cm x 5 cm sheet of microfilm matrix is
dissolved in 1 mL of fluid).  This is in stark contrast to conventional silver dressings, which contain 55 to 3000 ppm of
silver.  When microfilm matrix is placed on a moist wound surface, it absorbs wound fluid and forms a soft gel that conforms
intimately to the topography of the wound bed.  It is this unique property of hyperconformity to the wound bed that allows
the silver in microfilm matrix to kill bacteria at a low dose of 1 ppm.

Furthermore, the matrix maintains a moist environment for wound healing, and it is well-known that moisture aids in the
removal of nonviable tissue from the wound (autolytic debridement).  Other benefits of a moist wound environment include
reduced pain, accelerated neovascularization, and prevention of tissue dehydration. According to the published
instructions for use of the microfilm matrix, biocompatibility of the matrix has been demonstrated through appropriate in vitro
and in vivo ISO 10993 standard tests, including cytotoxicity, acute systemic toxicity, subacute/subchronic toxicity, acute
intracutaneous reactivity, skin sensitization, and tissue implantation tests.  Sustained antimicrobial activity of the matrix has
been documented for up to 3 days by relevant standard in vitro microbiological assays in simulated wound fluid, where it was
reported to achieve a greater than 4 log¹⁰ reduction in colony-forming unit counts of microbes most frequently associated
with wound infections, including Staphylococcus aureus (ATCC 6538), methicillin-resistant Staphylococcus aureus  (ATCC
33591), vancomycin-resistant enterococci (ATCC 55175), Pseudomonas aeruginosa (ATCC 9027), Escherichia coli (ATCC
8739), Klebsiella pneumoniae (ATCC 4352), Candida tropicalis (ATCC 750), and Candida albicans (ATCC 10231). The
matrix is reported to bioresorb within 7 days.  Other published studies have reported that components of microfilm matrix
allow for growth and proliferation of fibroblasts  as well as migration of keratinocytes on its surface and that they support
normal vascularization and granulation tissue formation in the wound bed.
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Study design

Twenty-two patients with diabetes undergoing nonemergent or elective foot or ankle surgery and who were recognized as at-
risk for SSIs were initially included in the study, which took place at an academic hospital in the southern United States.
Patients identified as at-risk had 1 or more of the following criteria: neuropathy, infection (treated), open wound, history of
recurrent infection, nonhealing wound, or peripheral vascular disease (treated). Patients with untreated peripheral vascular
disease were excluded from the study. Fifty-five percent of the patients were male, and 45% were female. Mean patient age
was 57.9 years. Patient demographics are summarized in Table 1.

Patients were educated about potential risks, benefits, and complications of enclosing the microfilm matrix in the surgical
incision. After informed consent was obtained, patients underwent a foot or ankle surgical procedure specific to their
pathology. These procedures included amputations (75%), removal of exostosis (5%), midfoot bone removal (5%), Achilles
tendon repair (5%), bunionectomy (5%), and an elevating osteotomy (5%) (Figure 1).  After meticulous hemostasis and
subcutaneous closure (if applicable), the bioabsorbable microfilm matrix was applied just deep to the incision and the
incision was primarily closed as shown in Figure 2. The matrix was tiled to cover the entire incision as needed (Figure 3). A
nonadherent cover dressing was applied over the suture line, and initial follow-up was scheduled for 3 to 5 days following
operation, with subsequent routine follow-up appointments until complete wound healing was achieved, as noted in Table 2.
Microfilm matrix was placed at the time of surgery and was not reapplied unless revision surgery was required.

Study objectives

The primary objective of this study was to decrease the SSI rate from 13% to 6.5% in 45 days. Fifteen days were added to
the conventional 30-day time frame to account for delayed wound healing in patients with diabetes. Secondary outcomes
included any foreign body response to microfilm matrix at the incision site as evidenced by visual erythema and general
inflammation. An interim analysis of SSI incidence was performed at the first dressing change on day 3 or day 5.

Results

Two patients were removed from analysis owing to nonadherence to postoperative care. All remaining patients had at least
forefoot loss of protective sensation as assessed by using a Semmes-Weinstein monofilament.  Seventy-five percent of
these patients had open wounds, and 70% were treated for a previous infection that was eradicated at the time of surgery,
denoting a significant increased risk of postoperative infection and necessitating prophylactic measures. Signs of infection at
the first postoperative appointment (between 3 and 5 days) were absent in all 20 remaining patients, and all patients
progressed to complete healing during the 3-month follow-up period without evidence of SSI. Eighteen of the 20 wounds
healed at the typical rate specific to the respective procedure (between 10 and 34 days to full healing). Wound healing took
longer than usual in 2 patients secondary to weight-bearing dehiscence (104 and 134 days from first intervention). The
dehisced wounds were resolved with revision surgery, a second application of the microfilm matrix, and appropriate wound
care. The details of each individual case and respective outcomes are summarized in Table 2; 3 representative cases are
discussed below in detail.

Case 1 (patient 1)

A 38-year-old female patient with a history of MRSA infection and uncontrolled diabetes mellitus (although diabetes was
controlled at the time of the procedure) presented after partial first ray amputation and subsequent dehiscence resulting in
the development of osteomyelitis in the second toe and distal second metatarsal (Figure 4). Partial amputation of the
second ray was subsequently performed, requiring percutaneous Achilles tendon lengthening to prevent excessive forefoot
pressures and further wound development. Unfortunately, the patient experienced a fall resulting in an Achilles rupture in
which conservative therapy was unsuccessful, and open repair was required. Achilles repair was performed under general
anesthesia. After subcutaneous closure over the tendon, microfilm matrix was tiled over the area and primary closure was
obtained. A Jones compression dressing and posterior splint were subsequently applied. During the recovery period, the
patient followed a strict non–weight-bearing protocol with use of a posterior splint and was transitioned to a cast once edema
allowed.  The wound healed in 14 days (Table 2), as evidenced at a postoperative appointment with the surgeon. At the 10-
week follow-up, the patient was placed in a diabetic shoe with ankle-foot orthosis  to prevent hyperpronation. The patient did
not experience any complications or recurrent wounding during the 3-month follow-up period.

 

Case 2 (patient 13)

A 63-year-old male cigarette smoker with poorly controlled diabetes presented with osteomyelitis of the left third digit and a
chronic, nonhealing Wagner grade 3 diabetic foot ulcer. Intravenous antibiotics were started, and 4 days later the patient
underwent amputation at the metatarsophalangeal joint level (Figure 5). Just prior to closure with 3-0 nylon sutures,
microfilm matrix was applied at the level of subcutaneous tissue. Simple interrupted sutures were used to allow for
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appropriate drainage from the site, and a gauze dressing was applied. At postoperative day 19, the wound was observed to
be healed, with no incidence of infection. The patient was placed in a reduced weight-bearing postoperative shoe for 3
weeks and then transitioned to using diabetic shoes with accommodative inserts. No re-ulceration or complications were
reported during the 3-month follow-up period.

Case 3 (patient 17)

A 62-year-old male cigarette smoker with a history of poorly controlled diabetes and neuropathy presented with gangrene
limited to the great toe secondary to aggressive anaerobic infection. He was admitted to the hospital and placed on
intravenous antibiotics, after which amputation of the toe was performed (Figure 6). Just prior to closure of the dorsal and
plantar flaps, microfilm matrix was applied to the subcutaneous tissue surface and flaps were closed over the matrix by
primary intention using 3-0 nylon sutures with a ¼-inch plain packing strip applied to allow for appropriate drainage. Gauze
dressing was applied, and the patient was fitted with a postoperative shoe with reduced weight-bearing and elevation of the
surgical site. Sutures were removed 3 weeks postoperatively, and the patient was transitioned to diabetic shoes with custom
inserts, including a great toe filler. Wound healing was achieved in 29 days. The patient reported no complications in the 3-
month follow-up period.

Discussion

Patients with diabetes present with perfusion difficulties  and thus, systemic antibiotics tend to be less effective than they
would be in other patient populations. Other challenges with systemic antibiotics include increasing antibiotic-resistant
infections, adverse effects such as allergic reactions, renal insufficiency, and the development of C difficile.  This prospective
single-center study demonstrated the efficacy of a bioresorbable antimicrobial microfilm matrix in preventing SSIs in at-risk
patients with diabetes. The results of this preliminary trial surpassed the primary endpoint of a 50% reduction in SSI rates at
day 45, with a 0% infection rate in all patients at the first dressing change on day 5. At the end of the study, the SSI rate of
the intention-to-treat population was 0%, as opposed to the historical 13% rate of SSI expected in similar populations of
patients with diabetes.  Even more significant is that a majority of the patients in the present study (70%) presented with
infected wounds, which further increased the risk of SSIs. These results are especially remarkable given the 100% heal rate
of the per-protocol population. Of note, all patients without a weight-bearing surgical dehiscence event (18/22 or 82%)
experienced complete healing in an average of 21 days.

Absence of SSIs associated with the use of microfilm matrix may be attributed to the sustained localized antimicrobial
activity of the matrix in the tissue microenvironment. This was especially significant in patients 1 and 18, who underwent
Achilles tendon repair and a bunionectomy, respectively. These procedures are associated with an increased risk of SSIs.
The 100% healing rate may be due to the ultrathin (20 µm) form factor and bioresorbability of the microfilm matrix, as it does
not act as a physical barrier to wound healing and may even support normal vascularization and granulation tissue formation
in the wound bed.  Another notable outcome of this investigation is that the patients in the current study showed no adverse
effects, including an absence of localized foreign body response to enclosing the microfilm matrix in the surgical incisions.
This is consistent with published preclinical studies on the microfilm matrix that report it to be nontoxic, biocompatible, and
bioresorbable.

Limitations

The primary limitation of this evaluation is the noncomparative and small design; as a result, statistical significance is weak.
The use of historical controls, although helpful, is not ideal, and a larger study with a cohort match is warranted to definitively
establish the efficacy of the microfilm matrix in preventing SSIs relative to controls undergoing standard of care treatment.
Finally, the time frame for a formal randomized controlled trial study design would be within 30 days of surgery as mandated
by the US Centers for Disease Control and Prevention definition of an SSI.

Conclusions

This prospective clinical study suggests that application of this antimicrobial microfilm matrix at the level of subcutaneous
tissue and dermis in surgical incisions prior to primary closure is safe and has potential for prevention of postoperative SSIs
in at-risk patients with diabetes,
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