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1. Introduction

A surgical site infection (SSI) is defined as an infection

occurring within 30 days of an operation, or within a year of

surgery if an implant is left in place and the infection appears

related to the implant [1]. SSIs may be classified as superficial

incisional, deep incisional, or organ/space infections based on

criteria developed by the United States (US) Department of

Health and Human Services’ Centers for Disease Control and

Prevention (CDC) [1]. Collectively, deep incisional and organ/

space infections are termed ‘complex’ SSIs and comprise

approximately 50% of all SSIs [2].

SSIs are associated with considerable cost, morbidity and

mortality. For all hospitalized patients, these infections are the

third most commonly reported nosocomial infection. Among

surgical patients, SSIs are the most common hospital acquired

infection, representing 38% of nosocomial infections in this
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a b s t r a c t

Surgical site infections (SSIs) are the most common hospital acquired infection in surgical

patients, occurring in approximately 300,000–500,000 patients a year. SSIs occur across all

surgical specialties, but have increased importance in abdominal, colorectal, obstetrical,

gynecological, cardiac, vascular, neurological, transplant, and orthopedic procedures where

either the inherent risk is elevated or the consequence of an infection would be severe.

Current prevention guidelines reduce, but do not completely eliminate, the occurrence of

SSIs. We have found the use of silver-nylon wound dressings to significantly reduce the risk

SSI associated with colorectal surgery. In this review, we examine the incidence of SSI in

high-risk groups, and identify procedures where silver dressings, and other silver products,

have been evaluated for the prevention of SSI.

Silver-nylon dressings are a useful adjunct in the prevention of SSI in colorectal surgery,

neurological surgery, spinal surgery, and certain cardiovascular and orthopedic procedures.

Gynecologic, obstetric, breast, transplant, neck, and bariatric procedures, and surgery in

obese and diabetic patients, represent other areas where patients are at increased risk of SSI,

but in which silver dressings have not been adequately evaluated yet. Recommendation is

made for large prospective studies of silver dressings in these populations.
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group [1]. Approximately 300,000–500,000 SSIs occur annually

in the US, comprising 2–5% of all patients undergoing inpatient

surgery [3–6]. A SSI is typically associated with an additional 7–

10 days of postoperative inpatient care, and an additional cost

of $3000–$29,000 per patient, mounting to a total cost of $10

billion dollars to the US healthcare system every year [1,5,7,8].

A SSI increases the risk of death by two to seven times, and

77% of deaths in patients with these infections are directly

attributed to the infection [1,5]. A patient with a SSI is 60%

more likely to require admission to the intensive care unit

(ICU), and five times more likely to be readmitted within 30

days of discharge [8].

Certain populations and certain surgical procedures are at

higher risk of SSI. The risk of developing such an infection

involves a complex multifactorial relationship between the

characteristics of the patient, procedure, and microbes

involved [5]. The Surgical Infection Prevention Collaborative

of the Centers for Medicare and Medicaid Services focuses on

seven procedures: colorectal surgery, abdominal hysterecto-

my, vaginal hysterectomy, cardiac surgery, vascular surgery,

hip arthroplasty, and knee arthroplasty [5]. These procedures

are significant either because the risk of SSI is high (as is the

case in surgery involving bacteria-containing viscera), or

because the occurrence of a SSI would be remarkably

consequential, for example requiring removal of a vascular

or orthopedic implant.

Consensus guidelines for the prevention of SSI have been

published in the US and Europe. The most recent US guidelines

from the Hospitals Infections Program, division of the National

Center for Infectious Diseases of the CDC, were published in

1999 [1,5]. These guidelines did not address postoperative

dressings, other than to recommend the protection of

primary-closure incisions with a sterile dressing for 24–48 h

postoperatively [1]. In Great Britain, the National Collaborating

Centre for Women’s and Children’s Health published similar

guidelines in 2008 on behalf of the National Institute for Health

and Clinical Excellence [9]. Their main recommendation for

postoperative dressings was the use of an aseptic no-touch

technique for changing or removing surgical wound dressings

on primary-closure incisions. They did not advocate routine

use of topical antibiotics, based on review of one underpow-

ered study using topical chloramphenicol over hip fracture

incisions [9].

Gram-positive cocci, predominantly Staphylococcus species,

are thought to be the major pathogen involved in SSI.

However, this view is being challenged. Wolcott and associ-

ates used bacterial tag-encoded FLX amplicon pyrosequencing

followed by quantitative polymerase chain reaction to study

bacterial populations in debridement samples from 23 SSIs

[10]. All were infections of at least one month duration and

were becoming chronic wounds. On average, six bacterial

genera were found in any given SSI, with 60% being anaerobic

bacilli. The primary genera encountered in the samples

included Bacteroides (45.4%), Corynebacterium (41.5%), Pseudo-

monas (31.6%), and Staphylococci (29.9%) [10]. This suggests that

perioperative topical or systemic antibiotic choice must

include coverage for Gram-positive and Gram-negative bacte-

ria, both aerobic and anaerobic.

Silver has strong antimicrobial properties, and has been

used for centuries for hygiene, water purification, and its

wound healing effects. Storing water in silver vessels was

practiced as early as 4000 BC and medical writings from the

Roman civilization documented silver nitrate as a therapeutic

agent [11,12]. Today, silver is widely used for the treatment of

burns, surgical and traumatic wounds, chronic ulcers, and

ophthalmic conditions, and as a coating for medical devices

such as intravascular catheters, orthopedic devices, and

vascular prostheses [11–13]. Silver is also commercially

employed for water sterilization. The extensive coverage

that silver provides against bacteria, fungi and viruses,

including the notorious nosocomial pathogens methicillin-

resistant Staphylococcus aureus (MRSA) and vancomycin-

resistant Enterococci (VRE) [14], make it a valuable adjunct in

the prevention and treatment of infection. Silver has both

bactericidal effects via oxidation of the cell membrane, and

bacteriostatic effects by inhibiting bacterial replication

through damage to DNA [15–18]. Fortunately, toxicity of

silver to human cells is considerably less than to bacteria [12].

Unlike antibiotics, resistance to silver is very rare; instead of

targeting a specific cellular process, silver ions directly

interact with proteins and other organic molecules, and

disrupt electrolyte balances. Silver’s affinity to multiple

microbial molecules and structures further decreases the

risks of resistance [17,19].

Colorectal surgery has a known high incidence of SSI. In our

university-based colorectal surgery practice, we were able to

demonstrate a decreased incidence of SSI by the use of silver-

nylon dressings placed over primary-closure abdominal

incisions [14]. This prompted an interest in a literature review

of the uses of silver dressings in other procedures that are

considered high-risk for SSI, or in which the occurrence of a

SSI would be especially detrimental to patient outcome.

In this review, we present the current evidence supporting

primarily the use of silver-based dressings for the prevention

of SSI. This is done both to document current practice, and to

identify higher-risk populations and procedures where silver

dressings have not yet been properly evaluated, and recom-

mend large prospective studies.

2. Methods

A review of the current literature was performed using

PubMed primarily. The search terms included ‘‘surgical site

infection,’’ ‘‘silver in surgery,’’ ‘‘surgical site infection preven-

tion,’’ ‘‘silver surgical site infection,’’ ‘‘silver dressing infec-

tion,’’ ‘‘silver dressing surgery,’’ ‘‘silver colorectal surgery,’’

‘‘silver colon surgery,’’ ‘‘silver rectum,’’ ‘‘silver abdominal

surgery,’’ ‘‘silver obstetrics,’’ ‘‘silver gynecology,’’ ‘‘silver

cardiac surgery,’’ ‘‘silver vascular surgery,’’ ‘‘silver neurosur-

gery,’’ ‘‘silver spine,’’ ‘‘silver liver,’’ ‘‘silver transplant,’’ ‘‘silver

orthopedic surgery,’’ and ‘‘silver negative pressure.’’ The

atomic symbol of silver, Ag, was then used in place of the

word ‘‘silver’’ to re-search all of the terms mentioned above.

Google scholar was used to supplement the search. Results

were narrowed to studies that included the use of silver

dressings for surgical procedures, and to manuscripts dis-

cussing SSI and infection rates in various surgical procedures.

Silver-coated vascular grafts and silver-impregnated ventri-

culoperitoneal shunts were also included.
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3. Results

The literature search revealed certain procedures and popula-

tions to be at higher risk of SSI. Below is a description of risk

factors of SSI, and of some of the surgical procedures that are

at higher risk for SSI or in which the occurrence of a SSI would

be especially detrimental to patient outcome. A description is

given of studies investigating the use of silver dressings, as

well as silver-coated vascular grafts and ventriculoperitoneal

shunts, to decrease surgical infection rates in these various

procedures.

The pooled means for infection rates are given for inpatient

procedures per 100 operations (%), as published in the latest

report (2009) of the National Healthcare Safety Network

(NHSN) of the CDC [20]. The NHSN stratifies the SSI rates by

procedure type and by National Nosocomial Infections

Surveillance (NNIS) risk index categories [20]. The infection

rates vary per procedure according to risk index category, and

we therefore report them as percentage ranges.

3.1. Risk factors

Obesity, diabetes mellitus, and continued use of tobacco

products are established risk factors and independent

predictors of SSI. Obesity, being at near epidemic levels in

the US, is an especially important risk factor. When defined by

percent body fat rather than body mass index (BMI), the overall

incidence of SSI in the obese rises from 11.6% to 15.2% [21].

Diabetes mellitus is more common in obese patients [8], and

surgical procedures often take longer in this patient popula-

tion. Perioperative antibiotics may be less effective, because

tissue antibiotic levels are inversely proportional to level of

obesity [22]. Clearly, this is especially important in bariatric

patients. It was found that doubling the dose of perioperative

cefazolin in obese women undergoing gastric bypass surgery

decreases the SSI rate from 16.5% to 5.6% [22,23].

The duration of surgical procedure is a factor well-known

to correlate with SSI risk [8,24]. Longer procedures carry a

greater risk of infection. Today, minimally invasive surgery is

well-known to decrease operative times, as well as infection

rates. For example, the use of laparoscopy lowers SSI risk in

cholecystectomy and colon procedures. However, this has less

of an effect in appendectomy or gastric procedures [24]. In

abdominal surgery, multiple additional comorbidities such as

hypothermia and hyperglycemia are thought to increase the

incidence of SSI as well [14,25].

3.2. Abdominal and colorectal surgery

Abdominal operations have many unique risks in the domain

of surgery. This field commonly involves exposure to the

contents of the gastrointestinal tract, and most procedures

are therefore classified as either clean-contaminated or

contaminated. The risk of infection is increased in emergency

procedures, and 15% of SSIs occur in the emergency setting

[26]. However, even elective colorectal surgery carries a

risk for SSI as high as 30% [25]. The NHSN reports higher

infection rates for the following inpatient procedures: rectal

surgery (3.47–26.67%); bile duct, liver or pancreatic surgery

(8.07–13.65%); colon surgery (3.99–9.47%); small bowel surgery

(3.44–6.75%); herniorrhaphy (0.74–5.25%); gastric surgery

(1.72–4.23%); appendix surgery (1.15–3.47%); and exploratory

abdominal surgery (1.67–2.82%) [20]. The management of

surgical abdominal wounds has been given considerable

attention in recent decades, as surgeons strive to decrease

overall infection rates. Pre-operative skin antisepsis has long

been established to reduce these rates. Various dressings and

wound management regimens are actively studied and

developed to minimize the incidence of infection.

A randomized controlled trial (RCT) performed by our

group in 2011 investigated the efficacy of a silver plated nylon

dressing compared to standard gauze dressings for use in

elective colorectal surgery with an abdominal incision at least

3 cm. We found that the use of silver-nylon dressings in 110

patients significantly reduced the rate of SSIs from 30% to 13%

( p = 0.011) [14]. Another study published in 2012 found that the

use of silver hydrofiber dressings in 112 laparotomic colorectal

surgical patients decreased the infection rate from 20.4% to

15.5% [3]. However, this difference failed to reach statistical

significance ( p = 0.451). Both these studies followed patients

for 30 days postoperatively, and included superficial, deep,

and organ/space infections.

A prospective study by Siah and Yatim on colorectal

surgery patients compared 81 patients receiving an ionic

silver dressing to 79 patients treated without dressing [27].

Surface cultures were taken at the time of wound closure

and on postoperative days five to seven. An equal percentage

of wounds in the two groups had negative cultures at the

time of surgery. At postoperative days five to seven, the

number of wounds showing negative cultures were signifi-

cantly less in the silver group ( p < 0.001). There was only one

SSI in the silver group, compared to eight infections in the

control group, but statistical significance was not reached

[27]. None of the patients with negative cultures at

postoperative  days five to seven developed an infection

within 30 postoperative days, revealing a statistically

significant relationship between bacterial colonization and

SSI rate ( p < 0.001) [27].

The ability of silver dressings to prevent SSI remains to be

studied in rectal procedures, as well as in the higher-risk

abdominal procedures mentioned above (liver, pancreas,

biliary, small bowel, hernia, gastric, appendix, and exploratory

surgery).

3.3. Obstetrics and gynecology

The rate of SSI in common obstetrics and gynecology

procedures varies from 0.13% to 10.48% [7]. Cesarean section

infection rates vary depending on population demographics,

with BMI being a significant determinant [28]. Corcoran et al.

reported a rate of 16.1% in a baseline study of 710 women [28].

The NHSN reports higher infection rates for the following

inpatient procedures: abdominal hysterectomy (1.10–4.05%);

cesarean section (1.46–3.82%); ovarian surgery (0.43–1.39%);

and vaginal hysterectomy (0.73–1.16%) [20].

Connery and colleagues retrospectively compared the

infection rates in Cesarean section patients receiving silver-

impregnated dressings to wounds dressed with standard

gauze [29]. The study found no significant difference between
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the two groups. However, it was noted that the women

receiving the silver dressings had significantly more comor-

bidities than the control group, and the silver dressings were

removed earlier than the standard one-week period. Both

these factors could have impaired healing. A RCT with

standardized wound care will better control for such con-

founding factors [29].

To the best of our knowledge, there are no studies

investigating the use of silver dressings for SSI prevention

in hysterectomies and ovarian procedures.

3.4. Cardiac surgery

The lowest risk for SSI in cardiac surgery is seen in patients

undergoing two or three vessel coronary artery bypass graft

(CABG) procedures (1.13–3.50%), and the highest risk is seen in

open tricuspid valvuloplasty (4.32%) [7,30]. Left heart cathe-

terization, although less invasive than procedures involving a

sternotomy, has an infection rate of 3.74%. Infections

following CABG are equally divided between superficial and

deep, and typically occur around postoperative day 21 [30].

Most are monomicrobial, with S. aureus being the most

common pathogen [30]. The NHSN reports the SSI rate in

CABG to reach as high as 8.49% in patients with a risk index

category of 3 [20].

Mediastinal infection is a major complication of open-heart

surgery. The reported incidence varies from 0.04% to 5% [31]. A

mediastinal infection has a significant associated mortality of

10–20% [31]. It typically increases length of stay by 12.2 days

[31]. Huckfeldt et al. prospectively studied silver-nylon

dressings in a cohort of 365 patients undergoing CABG or

open valve replacement, and compared them to 1235 histori-

cal control patients receiving a dry gauze dressing [31]. There

were 13 mediastinal infections in the control group compared

to no infections in the silver-nylon group ( p < 0.05).

Left ventricular assist devices (LVAD) are increasingly used

either as a bridge to cardiac transplant or recovery, or as

destination therapy for patients with intractable heart failure

[32]. Placement of an LVAD requires a percutaneous driveline,

which connects the implanted device to an external power

supply. Infection is the second most common cause of death in

LVAD patients [32]. Infections in this patient population are

usually either driveline or pump pocket infections, and device-

associated infections often occur after discharge from the

hospital [32]. Selekoff and associates studied the use of silver-

nylon dressings on cutaneous entry points of LVAD drivelines

in 43 patients over a 15-month period. There were no

infections reported, compared to a 13% infection rate in 39

historical controls from the same institution treated identi-

cally (except for the silver dressing) [33].

3.5. Vascular surgery

Vascular device and graft infections represent a major

challenge for vascular surgeons and their patients. Graft

infection is a serious limb-threatening and lethal complication

[34]. Reported infection rates vary from 1% to 6% [35].

Abdominal aortic aneurysm repair is another high-risk

procedure in vascular surgery, with infection rates reaching

as high as 6.46% [20].

The incorporation of silver in prosthetic vascular grafts has

been shown in a postmarket surveillance registry of 230

patients to prevent SSI and improve wound healing [36]. Ten of

these 230 patients had baseline graft infections, and the

remaining 220 patients were all high-risk for SSI development.

Only one re-infection occurred in the 10 patients with baseline

infections, and 211 of the 220 in the high-risk group (95.9%)

developed no infection [36]. Furthermore, a retrospective

study of 913 patients treated for arterial occlusive disease

showed silver-coated polyester grafts to reduce infection rates

from 4.1% (with standard prostheses) to 1.1% in aortofemoral

operations [37]. However, this difference was not statistically

significant ( p = 0.17). The study did not achieve reduced

infection rates with the use of silver in femoropopliteal

grafting [37]. A recent review of several studies investigating

the use of silver vascular grafts found a trend toward success,

but concluded that there is a lack of high level evidence for the

effectiveness of silver grafts and other antimicrobial vascular

prostheses [34].

Silver-coated grafts have been used for repair of aortoen-

teric fistulas as well. Aortoenteric fistula repair, with potential

exposure to bowel microbes, represents an especially high-

risk group of vascular surgery patients. Despite the efficacy of

silver-coated grafts in preventing infection, mortality in

complicated procedures such as secondary aortoenteric fistula

repair is still quite high [38].

Canaud and colleagues reported the replacement of an

infected thoracic stent graft (which caused severe mediasti-

nitis) with a silver-coated tube graft in a re-operation for an

aortobronchial fistula [39]. The replacement of infected

traditional vascular prostheses with a wide range of silver-

coated grafts is seeing increased use, but further studies are

needed to compare the rates of SSI recurrence [34].

Surgical wounds from lower limb revascularization are

prone to dehiscence and infection. Childress and associates

studied the impact of a silver-eluting dressing system on

wound complications for this procedure [40]. They found that

the wound complication rate fell from 14% in the control group

(17/118), to 5% in the group receiving the silver dressings (7/

130) ( p = 0.016) [40].

The use of silver in vascular grafts is promising. No studies

were found looking specifically at the use of silver dressings in

vascular surgery.

3.6. Neurological & spine surgery

Intracranial pressure is traditionally relieved by surgical

placement of an external ventricular drain to remove excess

cerebrospinal fluid (CSF). These devices and the CSF they are

intended to drain commonly get infected, with reported

infection rates reaching 22% [41]. A RCT of 278 patients

requiring the placement of an external ventricular drain

compared a standard catheter to a silver-impregnated cathe-

ter. The infection rates for the two groups were 21.4% (30/140)

and 12.3% (17/138), respectively ( p = 0.043) [41].

Surgical insertion of a ventriculoperitoneal shunt (VPS)

carries a SSI rate of 4.04–5.93% [20]. Hydrocephalus, one of the

most common birth defects, is treated using this procedure. In

the United Kingdom (UK), the infection rate of primary VPS

insertion for hydrocephalus is approximately 8% [42]. A RCT of
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a projected 1200 patients is currently ongoing in the UK and

Ireland to compare silver and antibiotic-impregnated shunts

to standard silicone shunts [42].

Laminectomy is reported by the NHSN to carry a SSI rate as

high as 2.30% [20]. Epstein examined the effects of postopera-

tive dressings on SSIs in patients undergoing lumbar lami-

nectomies with instrumented fusion [43]. A group of 128

patients receiving routine dressings (iodine or alcohol swabs

under dry gauze) were compared to 106 patients managed

with silver-nylon dressings. There were 11 superficial and

three deep SSIs in the routine dressing group, and no

infections in the silver-nylon group. Detailed statistical

analysis was not performed and the author recommended

further large-scale prospective trials [43].

Propionibacterium acnes is recognized increasingly as a SSI-

causing organism, particularly in infections happening after

spinal procedures and joint replacements [44,45]. An in vitro

study found a silver-containing wound dressing to be active

against this microorganism over seven days, and suggests that

this dressing may help minimize the risk of SSI in patients

undergoing such procedures [44].

Surgical infection rates in spine fusions and refusions

reach 4.15% and 8.73%, respectively [20]. A 10 year review of

posterior cervical spine surgery at a major referral center

found infection rates to reach as high as 18% [46]. Cranioto-

mies carry SSI rates reaching 4.66% [20]. No studies were found

investigating the use of silver dressings in these procedures.

3.7. Transplant surgery

The incidence of SSI in adult, first time kidney-only transplant

patients is 18.5% [47]. The NHSN reports a rate reaching 6.57%

[20]. In addition to high-dose postoperative immunosuppres-

sion therapy, many kidney transplant patients are also

diabetic and/or obese. In one study of 869 patients trans-

planted in a university setting, diabetics comprised 32.7% of

the non-infected group and 46.6% of the SSI group ( p < 0.001)

[47]. The percentage of obese patients (BMI > 30) was 35.5% of

the uninfected group and 59.6% of the SSI group ( p < 0.0001).

Hospital costs associated with a SSI in this group averaged

$24,454.

Liver transplant surgery infection rates vary from 11.61% to

20.10%, and the infection rate for heart transplant is reported

as 3.28% [20]. The use of silver dressings to prevent or treat SSI

in transplant surgery is anecdotal, or in the form of

unpublished or single case reports [48].

3.8. Orthopedic surgery

The NHSN reports an infection rate reaching 3.36% for open

reduction of fractures, and 3.04% for limb amputations [20].

Infections happen less frequently with hip and knee prosthet-

ics, with rates reported to reach 2.40% and 1.60%, respectively

[20].

Nanocrystalline silver dressings have been retrospectively

found to be effective for the debridement of open Gustilo/

Anderson type II and III fractures [49]. This study examined 17

patients and found only one to become infected (5.9%) [49].

The authors warranted prospective randomized clinical

study.

A prospective study of 59 patients investigated silver

hydrogel dressings on postsurgical incisions in foot and ankle

surgery [50]. The silver group was found to have just one

(3.45%) superficial infection, while the control group had three

(10%) superficial infections and one (3.33%) deep infection.

However, this was not statistically significant ( p = 0.37). The

study did find that the standard petroleum-based dressing

group had a statistically significant greater incidence of

incisional complications in comparison to the silver dressing

group (8 versus (vs.) 1 patient, p = 0.03) [50].

Pin-site infection is one of the most worrisome complica-

tions of external fixation. A study looking at pin sites for a

variety of external fixation procedures prospectively compared

a chlorhexidine dressing alone to a dressing combining

chlorhexidine to silver sulfadiazine [51]. There were 38 patients

on study, with 170 pin sites receiving silver dressings, and 164

pin sites in the control group. Three patients (7.9%) had pin tract

infections in the study group, while nine patients (23.7%)

developed infections in the control group ( p = 0.03) [51].

There were no studies found examining the use of silver

dressings in limb amputations or in hip and knee prosthetics.

3.9. Other findings: negative pressure wound therapy and
silver dressings

Negative pressure wound therapy (NPWT) is used for the

management of wounds in multiple settings. Our search of the

surgical literature revealed evidence for the combination of

silver dressings with NPWT in certain higher-risk procedures.

Silver foam dressings easily cover open wounds, and adhere to

various wound patterns. These dressings have been found to

cause minimal discomfort, and combining silver foam dres-

sings with NPWT is preferred in patients with significant

comorbidities and chronic infections [52]. The addition of

silver to NPWT has been shown to improve healing outcomes,

decrease nursing time expenditure, and decrease cost [53].

In high-risk abdominal surgery patients, such as obese

patients and those with grossly contaminated surgical sites, it

is not always possible or desirable to perform exclusively a

primary wound closure. In such situations, NPWT is often

applied. A study in 2013 showed that the use of NPWT in open

colorectal surgery significantly reduces the SSI rate from 29.3%

to 12.5% ( p < 0.05) [54].

NPWT is commonly used in the treatment of large wound

and open fractures. Today, negative pressure is often

combined with antimicrobial agents. A study on contaminated

open fracture models found that addition of the silver dressing

to NPWT caused a greater reduction in bacterial load

compared to NPWT alone, especially Gram-positive Staphylo-

cocci [55].

Vacuum-assisted wound closure has been used for several

years in the treatment of soft tissue loss in the pelvis, which

may be due to infection, tumors, or trauma [56]. Pelvic trauma

is a complex and debilitating problem that often requires

repeated surgical debridement and frequent dressing changes.

Silver plated nylon, due to its porous nature and flexible

design, can be used in conjunction with vacuum-assisted

wound closure. Siegel et al. showed that combining silver to

the vacuum on massive pelvic or extremity soft tissue loss

decreases the average number of surgical debridements
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needed from 7.9 in the vacuum-only group, to 4.1 in the

combined group ( p < 0.001) [56]. The frequency of wound

dressing changes was also reduced, as well as the length of

hospital stay (19 vs. 7.5 days, p < 0.041). Silver is also reported

to have helped eliminate the foul odor often associated with

vacuum treatment. Silver in combination with vacuum has

thus become the routine treatment used for these patients

[56].

Enterocutaneous fistulas present another high risk for

infection, and the use of NPWT in such cases is controversial.

Patients with high output fistulas often require NPWT to drain

bowel effluent, and skin grafts may be used to complete

wound healing [57]. However, NPWT cannot always be used in

such cases, and silver-based dressings have recently been

reported to effectively prevent infection and improve healing

[57,58].

4. Discussion

SSIs are both predictable and potentially preventable. Stan-

dardized practices and infection control bundles are effective

in reducing but not eliminating the risk of SSI [1,9]. These

bundles extensively address the preoperative and intra-

operative aspects of infection control, but have little to say

regarding postoperative care of the surgical wound. In the US,

CDC guidelines recommend nothing further than the protec-

tion of primary-closure incisions with a sterile dressing for 24–

48 h postoperatively [1]. British guidelines recommend cover-

ing all surgical incisions post-procedure and advocate use of

low-adherent transparent polyurethane film dressings where

practical [9]. British guidelines also cite several studies of

interventions that make no difference in infection rate: dry

gauze vs. vaseline ointment for five days in head and neck

cancer procedures; hydrocolloid dressings vs. dry absorbent

dressings for median sternotomy and elective vascular

surgery; hydroactive dressings vs. absorbent designs for

sternotomy or orthopedic surgery; hydroactive vs. hydrocol-

loid dressings for cardiac surgery; polyurethane membrane

compared with absorbent dressings or hydroactive dressings

in orthopedic surgery; and use or non-use of topical

chloramphenicol for femoral neck surgery [9].

Silver dressings placed at the time of incision closure may

represent the next step in the bundle approach to SSI

prevention. Further study in the form of large prospective

trials is needed to establish the widespread use of silver

dressings across the surgical specialties for infection preven-

tion. Specifically, we have found a lack of data to support the

use of silver dressings for the following higher-risk proce-

dures: rectal, liver, pancreatic, biliary, small bowel, hernia,

gastric, appendix, and exploratory abdominal surgery; hys-

terectomies and ovarian procedures; vascular procedures,

such as abdominal aortic aneurysm repair; spine fusions,

spine refusions, posterior cervical spine surgery, and craniot-

omies; kidney, liver, and heart transplantation; and amputa-

tions, open reduction of fractures, and orthopedic prosthetics.

Breast surgery, with a SSI rate of 0.95–6.36%, and neck surgery,

with rates reaching 11.40% [20], also deserve to be studied. We

were also unable to locate any clinical study evaluating the use

of postoperative silver-based dressings in the widespread and

high-risk obese and bariatric population. Recommendation is

therefore made for future studies of silver dressings in these

patients.

One of the most important factors influencing postsurgical

outcomes is healing of the incision site. With early healing, the

risk of SSI is reduced. Healing is a complex process, involving a

myriad of molecular pathways, and influenced by many

factors. The presence of bacteria in a wound is one such

important factor that can negatively impact healing. Bacterial

endotoxins have been found to induce tumor necrosis factor-

alpha (TNF-alpha), which inhibits epithelial growth factors,

leading to a decrease in collagen production and impaired

wound healing [59,60]. Silver, with its antimicrobial properties,

reduces the bioburden and associated endotoxins in wounds.

It also has the ability to directly sequester endotoxins with a

net effect of promoting re-epithelialization and improving

healing [61]. Excess levels of matrix metalloproteinases are

also associated with delayed healing, and cause increased

inflammation. Nanocrystalline silver has been shown to

reduce the levels of these proteolytic enzymes, promoting

wound healing and decreasing inflammation [62,63]. This

form of silver selectively promotes apoptosis of cutaneous

inflammatory cells and decreases proinflammatory cytokines

[63].

Alimov and colleagues prospectively investigated the use

of a silver hydrofiber dressing vs. iodoform dressings to pack

abscess cavity after incision and drainage in the emergency

department. Logistic regression showed that the silver-

containing dressing was associated with a greater than 30%

reduction in surface area of the abscess at first follow-up; in

other words, faster healing [64]. Shirani and associates found

that skin donor sites dressed with silver-nylon healed faster

than sites dressed with fine mesh gauze (9.3 vs. 12.4 days,

p < 0.05) [65]. Albrecht et al. later found donor site wounds to

heal faster with silver-nylon dressings vs. an occlusive

petrolatum dressing (10.2 vs. 11.4 days, p < 0.05) [66]. Silver-

impregnated carboxymethylcellulose dressings have also

been found to provide faster healing compared to transform-

ing methacrylate (TMD) dressings in skin graft donor sites [67].

Silver dressings have also been described to promote healing

of diabetic foot ulcers, and to prevent re-infection of skin

ulcers after debridement [68,69]. Two case studies were found

illustrating the successful wound healing achieved when

NPWT is combined to silver dressings; one post-debridement

for necrotizing fasciitis, and the other after radical excision of

a difficult breast abscess [70,71]. The exact mechanisms by

which silver promotes healing are not fully understood, and

research shows mixed results. However, some silver products

can increase healing time. For example, while silver sulfadia-

zine effectively prevents infection, it can inhibit proliferation

of keratinocytes and fibroblasts [72]. Silver nitrate treatments

have been shown to promote apoptosis of these cell types, and

studies have suggested that silver promotes the chronic

activation of neutrophils [73,74].

Pain is another important factor influencing the overall

outcome of surgical patients. Recent evidence suggests that

silver may reduce pain associated with surgical incision sites,

as well as burns and other types of wounds [64,75–82].

Postoperative pain can lead to increased use of opioid

analgesics with reduced respiratory effort and delayed
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ambulation, leading to overall greater patient morbidity and

mortality, increased hospital length of stay, and increased

healthcare costs.

P. acnes can cause a wide range of SSIs other than the spinal

and joint infections mentioned in the results section. These

include brain, bone, and mouth infections, as well as device-

related infections, such as shunts and prosthetic heart valves

[45]. Implementation of silver dressings can therefore poten-

tially reduce infections related to this microorganism in a wide

array of surgical procedures.

Silver is used medicinally in various forms (Table 1).

Salts, such as silver sulfadiazine (SSD) topical creams

(Flamazine1, Silvadene1), and silver sustained release

products, such as silver plated nylon (Silverlon1) and silver

nanocrystalline (Acticoat1) dressings, are examples of

commonly used silver products. Silver nitrate, a water

soluble silver salt, is often used to chemically cauterize.

Various dressings for second and third degree burns are

soaked with 0.5% silver nitrate [19]. Ammoniacal silver

nitrate acts as a dental protective agent. Silver proteins are

used as antiseptic solutions for gynecological procedures,

irrigation, suppositories, and eye drops [19]. Silver has also

been used for the sterilization of sutures.

Several studies in recent years have demonstrated the

efficacy of silver in specific clinical situations. This paper

focused on the uses of silver in postoperative dressings to

reduce SSI rates. Other uses of silver include the manage-

ment of traumatic wounds, ulcers, ophthalmic conditions,

and, most commonly, the treatment of burns [11–13,61,76,

77,84–91].

5. Conclusion

Surgical site infections are common. The risk of developing a

SSI depends on the operative procedure, and upon patient

factors such as obesity and diabetes mellitus. Standardized

bundle infection-control practices have reduced but not

eliminated the risk of SSI. These infections are often

polymicrobial, involving Gram-positive, Gram-negative, aero-

bic and anaerobic bacteria. Silver has a broad spectrum of

antimicrobial activity. The placement of silver-nylon dres-

sings over incision sites at the time of primary closure has

been demonstrated to lower SSI rates in certain colorectal,

neurological, spinal, cardiovascular, and orthopedic proce-

dures. It is probable that similar reductions in SSI rates can be

obtained by the use of silver dressings in gynecologic,

obstetric, breast, transplant, neck, and bariatric procedures,

and in obese and diabetic patients. However, these popula-

tions have not been adequately studied at present.

Silver dressings are inexpensive and well tolerated. Their

widespread use in surgery is promising. Prospective clinical

trials are needed to evaluate the utility of silver dressings in

high-risk procedures and populations.
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