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Abstract

Objective: A meta-analysis of all published randomized controlled trials of the effectiveness of gentamicin/
collagen sponges for preventing surgical site infections (SSIs).
Background: Despite routine use of systemic prophylactic antimicrobial agents, SSIs continue to be associated
with substantial morbidity. Results conflict of studies of the efficacy of gentamicin/collagen sponges for pre-
venting SSIs. However, many of these studies have assessed sponge use in only a single specific type of
operation. The general effect of sponge use among different types of operations has not been previously as-
sessed.
Methods: The PubMed and Cumulative Index to Nursing and Allied Health Literature (CINAHL) databases
were searched for articles appearing from 1990 through January 2012 that were related to gentamicin/collagen
sponge use and SSIs. Summary estimates were obtained through a random effects model. After reviewing 714
article abstracts and reviewing 22 articles in detail, we pooled the odds ratios (OR) for 13 independent study
populations (cardiac, n = 4; colorectal, n = 4; pilonidal sinus, n = 2; hernia, n = 2; gastrointestinal, n = 1) in which
the association between prophylactic use of gentamicin/collagen sponges and SSIs was assessed.
Results: Pooling of the results of all studies included in the review in a random effects model showed a
significant protective effect of prophylactic use of gentamicin/collagen sponges against SSI (pooled OR: 0.66;
95% confidence interval [CI]: 0.45, 0.97; n = 13). However, when the data were stratified by type of operation, a
significant protective effect was observed in cardiac procedures (pooled OR: 0.59; 95% CI: 0.37, 0.96; n = 4) but
not in colorectal procedures (pooled OR: 0.74; 95% CI: 0.29–1.92; n = 4).
Conclusion: Use of gentamicin/collagen sponges was associated with a reduced risk of SSI following cardiac
operations but not following colorectal procedures.

Surgical site infections (SSIs) are among the most
common types of healthcare-associated infections [1].

Despite the routine use of systemic prophylactic antimicrobial
agents, SSIs continue to be associated with substantial mor-
bidity following various types of surgery. Alternative meth-
ods of antimicrobial prophylaxis have therefore been studied,
including the application of antimicrobial agents locally
within a surgical incision [2–4].

A number of studies have examined the efficacy of im-
planting gentamicin/collagen sponges in surgical incisions to
reduce the risk of SSI [2,5–17]. Currently, this method of de-

livering antimicrobial agents is approved in 54 countries and
these sponges have been used in more than two million pa-
tients; however, they are not approved for use in the United
States [18]. Gentamicin/collagen sponges are composed of
highly purified collagen, and deliver high local concentrations
of gentamicin, but without its serum concentration reaching
the level of toxicity. The collagen of these sponges is absorbed
slowly by the body within 1–8 wks after their application, and
does not require removal [19].

Results conflict of studies of the efficacy of gentamicin/
collagen sponges for preventing SSIs. However, these studies
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often assess sponge use only in one specific type of operation.
The general effect of using gentamicin/collagen sponges in
different types of operations has not been assessed previously.
We conducted a study to evaluate published randomized
controlled trials of gentamicin/collagen sponges in reducing
SSIs and to assess their overall effectiveness in this regard.

Materials and Methods

Search strategy

Our study included a meta-analysis conducted with the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement [20]. A
systematic search was completed of published studies in the
PUBMED data bases, the Cumulative Index to Nursing and
Allied Health Literature (CINAHL), and clinicaltrials.gov
from January 1, 1990 through January 31, 2012, using the
search terms: ‘‘Surgical wound infection,’’ ‘‘absorbable im-
plants,’’ and ‘‘gentamicin-collagen’’ or ‘‘gentamicin’’ or ‘‘col-
lagen.’’ Additionally, the reference lists of the articles retrieved
in the search were reviewed to further identify studies that
were not identified by the preliminary literature search (Fig. 1).

Inclusion and exclusion criteria

Studies were included if they were randomized controlled
trials involving human subjects, published in English, and

used gentamicin/collagen sponges in a prophylactic manner.
Studies also had to include the data needed to calculate a
relative risk (RR) or odds ratio (OR) and a 95% confidence
interval (CI). Studies were excluded if gentamicin/collagen
sponges were used to treat existing infections, if they involved
animals, or if they were done in a laboratory. Review articles
and articles written in a non-English language were also ex-
cluded. When more than one article reported data for the
same study population, the articles were grouped to avoid
including the same data more than once.

Data extraction

Titles and abstracts of articles identified by our searches
were evaluated for relevance according to inclusion and ex-
clusion criteria and full reviews were completed for all po-
tentially pertinent articles. Two authors extracted the
following data from each of the potentially relevant articles:
author, year of publication, country in which the study was
conducted, primary study outcome, how the study was de-
fined (e.g., U.S. Centers for Disease Control and Prevention
(CDC) criteria), duration of follow-up, and other methods of
prophylaxis used in the study, if any. Data collected included
the antimicrobial agents used in a study, timing of their ad-
ministration, and duration of their administration. Additional
data extracted included detailed information about the
sponge(s) used in a study, including brand or type, number of

FIG. 1. Selection of trials included in meta-analysis of published randomized controlled trials of the effectiveness of
gentamicin/collagen sponges for preventing surgical site infections (SSI).
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sponges used, sponge dimensions, and quantity of gentami-
cin present in each sponge. The number of SSIs was recorded
among study participants randomized to the intervention and
those randomized to the control group of a study. The pre-
viously validated Jadad score was used to assess study
quality, and we calculated the mean Jadad score for all studies
[21]. Studies were categorized as being of high or low quality
on the basis of their individual Jadad score in relation to the
mean score. Studies with a Jadad score of 3 points or higher
were considered as being of high quality whereas those with a
score below 3 points were considered as being of low quality.

Two reviewers extracted the data independently for each
article; any discrepancies were resolved by consensus. The
initial literature search identified 719 articles. Twenty-two
articles were potentially relevant and were reviewed in detail.
Of these, 13 were included in the final analysis [5–17].

Statistical analysis

Using the extracted raw data, the natural logarithm of the
OR and the variance of the OR were calculated. None of the
included studies adjusted their analyses for potential con-
founders. Therefore, only raw unadjusted data were included
in our analyses. Statistical analysis was completed with Rev-
Man 5.1 software (The Nordic Cochrane Centre, Copenhagen
Denmark) [22]. Both fixed-effects and random effects models
were used to obtain pooled estimates of RR, but only random-
effects models were reported because they are more conser-
vative estimates. Pooled ORs were calculated for each study
using a random-effects model (Mantel–Haenszel method).
Stratified analyses were done on the basis of a priori cate-
gories. These categories included surgery type, sponge-only
vs. sponge plus systemic prophylaxis, and study quality.
Statistical heterogeneity was calculated with the Mantel–
Haenszel Q statistic and the I2 index, and publication bias was
assessed through visual inspection of a funnel plot.

Results

Studies meeting the inclusion criteria were those that as-
sessed the efficacy of the gentamicin/collagen sponge in the
following types of operations: Cardiac, colorectal (anal fistula
or anorectal abcess), hernia (groin, abdominal), gastrointesti-
nal (including bariatric), and dermatologic (pilonidal sinus).
Among the 13 studies included in this analysis, four assessed
colorectal operations, four assessed cardiac operations, two
each assessed hernia and pilonidal sinus operations, and one
assessed a gastrointestinal operation. Table 1 provides the
details of these studies. Surgical site infections were defined
according to the criteria of the CDC [23].

All but two of the studies were performed outside of
the United States, and the same group of authors published
both of the studies conducted in the United States [6,7]. The
size and type of sponge used for the interventions varied
across studies, and 14 different brands of sponges were in-
cluded; one study utilized 12 of the 14 sponge brands [15].
Three studies used only Collatamp sponges (EUSA Pharma,
Oxford, UK), and other studies used a variety of different
sponges [3,9,12]. A pooled assessment of Collatamp sponges
was conducted because three studies utilized this brand of
sponge. However, similar analyses could not be completed
for other brands. Only two studies used a placebo sponge
[10,16].

Identical systemic prophylactic antimicrobial regimens
were given to both the intervention and control groups in
eight studies [6–10,12,13,16]. One study used different anti-
microbial regimens for the intervention and control groups
[15]. In the four remaining studies, in which only the genta-
micin/collagen sponge was used, was compared with a
control group that was given systemic antimicrobial pro-
phylaxis [11,14,17]. Although different combinations of anti-
microbial agents were administered in the studies included in
our analysis, 11 of 12 studies provided b-lactam antimicro-
bials (Table 1).

When all studies were pooled in a random-effects model, a
significant protective effect against SSI was observed with the
prophylactic use of a gentamicin/collagen sponge (pooled
OR: 0.66; 95% CI: 0.45–0.97; n = 13) (Fig. 2). Stratification of the
data for this effect according to sponge type, sponge-only vs.
sponge plus systemic prophylaxis, and identical vs. different
antimicrobial regimens in the intervention and control groups
did not change the results. However, when the data were
stratified by type of operation, a significant protective effect
was observed in cardiac procedures (pooled OR: 0.59; 95% CI:
0.37–0.96; n = 4) but not in colorectal procedures (pooled OR:
0.74; 95% CI: 0.0.29–1.92; n = 4) (Table 2). Moreover, a statis-
tically significant protective effect was found when data from
low-quality studies were pooled, whereas a non-significant
protective effect was found when data from high-quality
studies were pooled. Forest plots for the stratified data are
included in the Appendix.

When the results of all studies were included in the anal-
ysis, the I2 index demonstrated a moderate amount of het-
erogeneity (p < 0.001; I2 = 69%). To discover the source of this
heterogeneity, data were stratified by region (United States
and Europe) and by publication date. Studies published be-
tween 1995 and 2005 were considered ‘‘early’’ and studies
published between 2009 and 2012 were considered ‘‘late.’’ No
studies were published between 2005 and 2009. The results
of the early studies were homogenous (p = 0.57, I2 = 0%),
whereas the results of the late studies were moderately het-
erogeneous (p = 0.006, I2 = 69%). When stratified by region,
results of the studies done in the United States were highly
heterogeneous (p = 0.05, I2 = 75%) and those of the European
studies were fairly homogeneous (p = 0.29, I2 = 16%). Visual
inspection of the funnel plot did not identify apparent
publication bias (Fig. 3).

Discussion

Although multiple studies have assessed the association
between gentamicin/collagen sponge use and SSIs, results of
these studies have varied widely and have often been incon-
sistent. Our overall results show that gentamicin/collagen
sponges may reduce the frequency of SSIs after cardiac but
not colorectal surgical procedures. Stratification of these data
by sponge type and sponge-only vs. sponge-plus-systemic
prophylaxis did not change the results.

To date, published meta-analyses have not assessed the
association of gentamicin/collagen sponges and SSIs across
different types of surgical operations. de Bruin et al. con-
ducted a systematic review of published studies assessing
gentamicin/collagen sponges and SSIs in various types of
gastrointestinal operations [2]. They reviewed nine individual
studies of medium-to-high risk operations and divided the
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procedures into the three categories of rectal operations, ab-
dominal operations, and pilonidal sinus excision. Only one
study in this review failed to find a significant difference in the
rates of SSI in patients who were treated with sponges in
conjunction with systemic antimicrobial agents and those in a
control group of patients who received systemic antimicrobial
agents alone. The authors who reported this latter study noted

that the control group in the study received a collagen placebo
sponge that may have promoted wound healing and therefore
obscured the effect of the gentamicin-containing sponges.
Moreover, the rate of SSI (10%) in the control group in this
study was lower than that generally reported in the literature
for patients undergoing loop-ileostomy closure (20%–40%)
[2, 24–27]. de Bruin et al. concluded that prophylactic use of
gentamicin/collagen sponges can reduce rates of SSI after
high-risk gastrointestinal operations and can also improve
wound healing after pilonidal sinus excision [2].

The overall pooled results of our meta-analysis were mod-
erately heterogeneous. Our stratified analysis of subsets chosen
a priori found that study location (United States vs. Europe)
may have been the source of the heterogeneity. A single group
of researchers, Bennett-Guererro et al., conducted the two
studies done in the United States. These studies were weighted
heavily in the overall analysis because their sample sizes were
large. Importantly, one of these two studies was the only study
to find a significant risk of SSI among the patients treated with
gentamicin/collagen sponges [6,7].

The studies conducted in the United States may have dif-
fered from the European studies in several ways, including
study design (e.g., quality control measures, duration of
follow-up, number of hospitals included), the way in which
sponges were prepared before they were implanted, the or-
ganisms causing SSIs (e.g., gram-positive organisms vs. gram-
negative organisms or level of gentamicin resistance), in the
study patient populations (e.g., race, ethnic groups, high risk
groups of patients [e.g., obese patients or diabetic patients]),
and in their baseline rates of SSIs [28,29]. For example, a recent
study found that soaking gentamicin/collagen sponges in
saline before they were implanted decreased the amount of
gentamicin in the sponge and may therefore reduce the anti-
microbial effect of the sponge [30]. Additionally, the studies
done in the United States, which were published in 2010,
followed the guidelines of the Surgical Care Improvement
Project (SCIP) and were therefore more likely to have used
appropriate antibiotics at the appropriate times than were the
earlier European studies [31]. Thus, the additional benefit of
local prophylaxis may not be as great when systemic pro-
phylaxis is used appropriately.

Table 2. Variables and Results with Stratification

of Data in Meta-Analysis of Studies

of Efficacy of Gentamicin/Collagen Sponges

in Preventing Surgical Site Infection

Number
of studies I2 OR (95% CI)

Type of surgery
Cardiac 4 70% 0.59 (0.37–0.96)
Colorectal 4 79% 0.74 (0.29–1.92)

Sponge type
Collatamp 3 53% 0.54 (0.28–1.04)
Other 10 65% 0.71 (0.46–1.11)

Intervention group
Sponge only 3 36% 0.65 (0.20–2.11)
Sponge + systemic

antimicrobial
agents

10 75% 0.66 (0.43–1.00)

Systemic antimicrobial regimen (intervention vs. control)
Identical 8 77% 0.70 (0.43–1.12)
Different 4 47% 0.47 (0.18–1.21)

Study quality
High 6 82% 0.76 (0.45–1.27)
Low 7 35% 0.55 (0.31–0.96)

Region
United States 2 75% 1.25 (0.75–2.09)
Europe 11 16% 0.53 (0.39–0.72)

Time period
Early (1995–2005) 7 0% 0.47 (0.35–0.64)
Late (2009–2012) 6 69% 0.86 (0.53–1.39)

CI = confidence interval; I2 = heterogeneity statistic (percent vari-
ability from heterogeneity among studies); OR = odds ratio.

FIG. 2. Pooled results of meta-analysis of randomized controlled trials of effectiveness of gentamicin/collagen sponges for
preventing surgical site infections.
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In our stratified analysis, we found that the low-quality
studies and the studies that were performed in earlier years
were more likely to find a significantly protective effect of
gentamicin/collagen sponges than were the higher quality
studies performed in later years. Approximately 57% of the
low-quality studies in our review were classified as early
studies. This could have resulted from the nature of scientific
research, in which smaller, earlier studies see a significant effect,
with less of an effect seen in higher quality studies performed at
later times. Additionally, the greater benefit of gentamicin/
collagen sponges seen in the low-quality and earlier studies
than in the higher quality later studies could have come from
improvements in systemic antibiotic prophylaxis over time.

Our meta-analysis has several limitations. First, meta-
analyses are only as valid as the studies that contribute to the
pooled OR in these analyses. To decrease the effect of study
quality, we rated studies according to quality and compared
the risk estimates for the high- and low-quality studies in our
analysis. Second, the control groups among the studies in-
vestigating the use of gentamicin/collagen sponges were
heterogeneous. For example, some control groups received
placebo sponges, most of the control groups received the same
systemic antimicrobials as the intervention groups, and one
control group received neither placebo sponges nor systemic
antimicrobial therapy. In addition, patients in some inter-
vention groups received only sponges and the control groups
received only prophylactic systemic antimicrobials. More-
over, the specific systemic antimicrobial agents used pro-
phylactically varied substantially among the studies in our
analysis. b-Lactam agents were given most commonly, but
these agents were often given in combination with another
class of antimicrobial agent. Thus, it was difficult to make
comparisons across studies.

Our finding that gentamicin/collagen sponges may protect
against SSI after cardiac operations is especially important
because SSIs after these procedures are associated with poor
clinical and economic outcomes and adversely affect the
outcome economics of health-care facilities [32–34]. Recently,
the Centers for Medicare and Medicaid ruled that extra cost
related to treating mediastinitis would no longer be reim-
bursed [35]. Therefore, if interventions such as the use of
gentamicin/collagen sponges are effective, they may reduce
the incidence of SSIs and could be cost-effective from the
hospital perspective.

In conclusion, the results of studies assessing the effi-
cacy of gentamicin/collagen sponges for preventing SSI
have conflicted with one another. Our meta-analysis found
that these sponges may have a protective effect against
SSIs after cardiac procedures. Before a recommendation
can be made about whether gentamicin/collagen sponges
should be used to prevent SSIs, additional high-quality
studies must be performed. These additional high-quality
studies may identify subpopulations of patients who may
benefit from the prophylactic use of gentamicin/collagen
sponges.
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Appendix

APPENDIX FIG. 1. Individual pooled estimates for surgery type.
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APPENDIX FIG. 2. Individual pooled estimates for sponge type.

APPENDIX FIG. 3. Individual pooled estimates for intervention group.
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APPENDIX FIG 4. Individual pooled estimates for antimicrobial regimen in intervention vs. control groups.

APPENDIX FIG. 5. Individual pooled estimates for study quality.
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APPENDIX FIG. 6. Individual pooled estimates for region.

APPENDIX FIG. 7. Individual pooled estimates for study period.
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