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Objective: To determine the best method of antimicrobial prophylaxis against implanted
material-associated infections in the setting of scleral buckle surgery.

Design: Experimental study.

Participants: Scleral buckle elements were soaked in either gram-positive or polymicrobial
broth, while control buckle elements were soaked in PBS only.

Methods: Solid silicone and sponge scleral buckle elements were inoculated with common
pathogens of the ocular surface, and then soaked in either 1% or 5% povidone-iodine, 1 mg/
mL gentamicin solution, or sterile saline for 1, 5, 10, or 15 minutes. Bacteria were then
isolated from the buckle elements and cultured for 24 hours.

Results: In all gram-positive bacterial conditions, gentamicin solution decreased the bacter-
ial load from 451,666.67 colony-forming units (CFU)/mL to 171,611.11 CFU/mL
(p=0.0004). The fractional bacterial survival after soaking in gentamicin was higher for the
silicone sponge than band (0.357 vs 0.079, p=0.038). Both 1% and 5% povidone-iodine were
able to completely eradicate all gram-positive bacteria of both buckle elements. Only 5%
povidone-iodine was able to completely sterilize all microbes on the buckle after soaking in
a polymicrobial solution consisting of gram-positive, gram-negative bacteria, and fungi.
Conclusion: Povidone-iodine solution was significantly more effective at bacterial eradica-
tion compared to gentamicin solution. For all scleral buckle procedures, we recommend
soaking the buckle element in 2-3% povidone-iodine solution before placement and rinsing
the ocular surface with the same solution after placement.
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Introduction

Surgeries requiring implanted materials have an increased rate of infection.' This
is thought to be due to alterations in host defense mechanisms, such as functional
changes in the bactericidal activity of polymorphonuclear leukocytes accumulating
around the foreign body as well as biofilm production.* The rate of infection
associated with an implanted scleral buckle element is estimated to be from 0.5%
to 5.6%. It was shown that pre-placement soaking of episcleral buckle elements in
antibiotic solution for 30 minutes significantly decreased the rate of buckle
infection.® Gentamicin at 1 mg/mL is a commonly used solution for infection
prophylaxis due to its low cost and relative tolerability on the ocular surface.

In contrast, the efficacy of 5% Povidone-iodine solution for pre-surgical ocular
surface sterilization was demonstrated in 1984 and continues to be the ocular
surface sterilization solution of choice for many ophthalmic surgeries today.’
Additionally, 0.25% povidone-iodine solution as an ocular surface wash after the
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placement of scleral buckles has been shown to have
higher sterilization rate compared to saline wash.®
Anecdotally, some surgeons have used a dilute solution
of povidone-iodine to soak the buckle element prior to
placement. To date, no studies have compared the two
approaches in terms of antimicrobial efficacy. In addition,
to the best of our knowledge, no studies have addressed
the amount of time surgeons should soak the buckle com-
ponents prior to placement. The goal of this study is to
compare the efficacy of different concentrations of povi-
establish
a guideline of what solution to use and how long to soak

done-iodine against gentamicin solutions,

the components.

Materials and Methods

The two types of scleral buckle elements selected for the
study were the 3.5 mm x 0.75 mm 41-style solid silicone
band (band) and 3 mm X 5 mm oval 506-style soft silicone
sponge (sponge). Both the band and the sponge were cut
into 20 equal pieces. Each segment of the sponge and band
was approximately 4 mm and 6 mm, respectively. For each
experiment, two equal pieces of the band or sponge were
simultaneously dipped into a bacterial broth for less than 5
seconds (see below for preparation). One piece was used
as the positive control, and the other piece was dipped into
the antimicrobial solution for the same amount of time.
Both pieces of the buckle element were rinsed 3 times with
2 mL of phosphate-buffered saline (PBS). Each element
was then placed into a sterile microcentrifuge tube with
250 pL of PBS. After spinning the tube for 15 seconds on
a vortex mixer, the PBS solution was serially diluted twice
with equal volumes of PBS. All 3 samples (original undi-
luted and the 2 serially diluted) were plated onto culture
plates and incubated at 37 degrees Celsius for 24 hours.
Colony-forming units (CFU) were counted on the culture
plates while adjusting for the serial dilutions. Initial
experiments showed that the sponge was more difficult
than the band to sterilize, so subsequent experiments
were done with the sponge only.

Bacterial broth was prepared by culturing the desired
bacteria overnight at 37 degrees Celsius. Initial experi-
ments comparing the differences between bands and
sponges, as well as duration of the antibiotic soak, were
done using Staphylococcus aureus. Comparative studies
between different concentrations of povidone-iodine and
gentamicin were performed using a polymicrobial broth
containing Staphylococcus aureus, Staphylococcus epider-
midis, Pseudomonas aeruginosa, and Candida albicans.

1% and 5% Povidone-iodine solutions were prepared
by diluting 10% povidone-iodine solution with sterile nor-
mal saline. 1 mg/mL gentamicin solution was prepared by
dissolving gentamicin powder in sterile normal saline.
Both were prepared under sterile conditions under a hood.

This study was conducted in accordance with the
Declaration of Helsinki. Ethical approval for this study
was waived by the Wayne State University Institutional
Review Board since no human or animal subjects were
involved in the study.

Results
Effect of Gentamicin on Soft Silicone

Sponges versus Solid Silicone Bands

Overall, 1 mg/mL of gentamicin solution decreased the
microbial load by 62.00% from 451,666.67 CFU/mL to
171,611.11 CFU/mL (p=0.0004). The initial experiments
to determine the amount of bacteria inoculated onto the
silicone sponge, compared to the silicone band did not find
a significant difference between the two (215,333.33 CFU/
450,000.00 CFU/mL p=0.10).
However, the gentamicin solution was less efficacious at

mL vs respectively,
decreasing CFU on the silicone sponge compared to sili-
cone band, with 64.3% compared to 92.1% decrease in
microbial load, respectively (p=0.0038). No significant
differences in CFU were found following soaking the
buckles in the gentamicin solution for 1 minute, 5 minutes,
10 minutes or 15 minutes (p>0.44). Representative images
of gentamicin-treated culture plates and positive-control
plates are shown in Figure 1.

Povidone-lodine Solution is Effective

Against Gram-Positive Microbes

Both 1% and 5% povidone-iodine solutions completely
killed all gram-positive microbes regardless of sponge,
band, or the duration of soaking. An additional condition
was created in which the inoculated buckle component
was dipped in the povidone-iodine solution and immedi-
ately taken out. Both the 1% and 5% povidone-iodine were
able to sterilize all gram-positive microbes, even with
a soak time of less than 5 seconds. An example is shown
in Figure 2.

5% Povidone-lodine Solution is Effective

Against Pseudomonas aeruginosa
In sponges inoculated in polymicrobial solutions (including
Pseudomonas aeruginosa), the initial microbial load was
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Figure | Gentamicin Soak Decreases S. aureus Bacterial Load on Silicone Sponges. Silicon sponges inoculated with S. aureus broth were dipped into | mg/mL gentamicin
solution or control solution for a duration of | second (A) or | minute (B). The left column on each plate represents undiluted sample. The middle and right column
represent serially diluted samples. Fewer colonies were identified in sponges soaked with gentamicin relative to control, at all soaking durations.

much higher compared to gram-positive-only inoculated
sponges. The final culture after soaking in the polymicrobial
solution consisted almost entirely of pseudomonas due to the
aggressive growth property of the microbe. In the polymicro-
bial-inoculated sponges, both the gentamicin solution and 1%
povidone-iodine solution have decreased antimicrobial effi-
cacy relative to the gram-positive only conditions, with
33.33% and 97.62%
However, 5% povidone-iodine with less than 5 seconds soak

bacteria decrease, respectively.
time was still able to sterilize pseudomonas-inoculated

sponges (Figure 3).

Conclusions

This series of experiments conclusively demonstrated that
povidone-iodine was a stronger antimicrobial agent against
several common microorganisms compared to 1 mg/mL

The that
a meaningful statistical test could not be performed since
the final CFU/mL was zero for the majority of the tests
utilizing povidone-iodine. A Chi-squared test using cate-

gentamicin. difference is so profound

gories of sterilized vs not sterilized also would not add
significantly to the study given that none of the gentamicin
experiments achieved complete sterilization while all but
one of the povidone-iodine experiments did.

The difference in inoculation load and gentamicin
effectiveness between the band and the sponge was not
unexpected. The porous nature of the sponge may have
“shielded” some bacteria embedded within the sponge
from the more concentrated gentamicin solution at the
surface. However, the ability of the povidone-iodine to
sterilize the sponge likely represents the stronger antimi-
crobial activity rather than purely better penetration.
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Figure 2 Povidone-lodine Soak Decreases S. aureus Bacterial Load on Silicone Sponges. Silicon sponges inoculated with S. aureus broth were dipped into 1% Povidone-
lodine (Pl) (A) or 5% Povidone-lodine (B) solution or control solution for a duration of | second. The left column on each plate represents undiluted sample. The middle
and right column represent serially diluted samples. No colonies were identified in sponges soaked with Povidone-lodine relative to control.

The scleral buckle is presumed to be sterile when
packaged; however, there is risk of contamination of the
buckle after it is removed from the packaging. The buckle
will be handled by surgical instruments and/or gloved
fingers and will be in contact with the ocular surface.
Contamination of the sterile surgical instruments from
airborne pathogens is not uncommon, with reported rates
of over 20% when surgical trays were opened for 2
hours.”"* Additionally, if the instruments and/or fingers
that handle the buckle elements have been in contact with
the ocular surface or surgical wound, there is increased
risk of contamination from ocular surface or adnexal
flora.'*'® Prior studies have shown a reduced incidence
of infection or extrusion of scleral buckles following soak-
ing the elements and

in penicillin, gentamicin

chloromycetin, so due to the risk of contamination, we
typically soak the buckle element in an antimicrobial solu-
tion prior to implantation and wash the sub-tenon space
adjacent to the buckle with the same antimicrobial solution
prior to conjunctival closure.®'® Our previous preference
was 1 mg/mL gentamicin solution for both soaking the
buckle and washing the buckle and tenons space post-
placement. Although there may be a difference in bacteria
susceptibility, it is still unlikely to achieve full sterilization
at the same rate as povidone-iodine, especially against
gram negative pathogens.

In our study, 5% povidone-iodine solution had
increased antimicrobial activity compared to 1% solution,
even with under 5 seconds of soak time. Previous in vitro
and animal studies have suggested that povidone-iodine
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Figure 3 5% Povidone-lodine Soak Eliminates P. aeruginosa Bacterial Load on Silicone Sponges. Silicone sponges inoculated with P. aeruginosa broth were dipped into | mg/
mL gentamicin (A), 1% Povidone-lodine (Pl) (B) solution, or 5% Povidone-lodine (C) solution for a duration of | second. The left column on each plate represents undiluted

sample. The middle and right column represent serially diluted samples.

solution is paradoxically more effective at lower, more
dilute concentrations.'”'® This was hypothesized to be
because in higher concentration solutions, polyvinylpyrro-
lidone aggregates trap the active antimicrobial free iodine,
preventing them from binding microbial membranes.
However further in vivo studies in patients showed that
5% solution is more effective in decreasing conjunctival
flora, particularly with higher microbial densities. This
was thought to be due to the fact that though the 1%
solution has higher bactericidal activity, the “reservoir”
of free iodine may be exhausted by a higher microbial
density."? Tt is possible that our results demonstrating the
superior efficacy of 5% solution may not hold true for
lower microbial loads.

Since this study, our practice has changed to using
2-3%
placement soaking and post-placement rinsing without

povidone-iodine solution for both the pre-

postoperative discomfort or complications attributable to
povidone-iodine. Although 5% povidone-iodine has been

shown to be safe on the ocular surface, it has been docu-
mented to cause irritation of the conjunctiva and/or skin in
a dose-dependent manner in some patients, though this is
uncommon.”?*?? Povidone-lodine also retards wound
healing in rabbit models,®> though no cytotoxic effects
on the cornea were observed in patients undergoing catar-
act surgery.”* We speculate that 2-3% povidone-iodine
may be a good compromise between the more effective
5% solution and safer 1% solution. Our study is unable to
identify whether soaking of buckle elements in povidone-
iodine or gentamicin alters the rate of contamination by
ocular flora after buckle placement. It is possible that the
silicone sponges absorb some gentamicin and povidone-
iodine and slowly release over time, but this is likely
limited in the solid silicone elements. Overall, given the
significant difference in bactericidal potency between gen-
tamicin and povidone-iodine solutions, it can be presumed
that the final wash with povidone-iodine would better
sterilize the ocular surface adjacent to the buckle.
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Another limitation of this study is that the microbial
load used in these experiments exceeded the microbial
load on a prepped ocular surface. However, this “supra-
physiologic” experimental microbial load is useful to dif-
ferentiate the effectiveness between gentamicin and
povidone-iodine. The conclusions of this study likely
would not have been apparent at lower microbial loads.
For example, low inoculant loads may not have revealed
the difference in final bacteria growth between silicone
bands and sponges after treatment with gentamicin soak.

Although gentamicin is not representative of all antibio-
tics, we believe the findings in this study can be generalized
to other antibiotic solutions. Antibiotics with strong gram-
positive effects such as penicillin may perform better than
gentamicin in the gram-positive arms of this study but are
still unlikely to completely sterilize the buckle elements with
short duration soak. The most resistant organisms were in
the gram-negative experiments and it is unlikely any anti-
biotic solution can perform significantly better than genta-
micin to the degree of complete sterilization.

In conclusion, the povidone-iodine solutions at 1% and
5% were more effective at sterilizing contaminated scleral
buckle elements compared to gentamicin solution for com-
mon gram positive and gram-negative organisms of the
ocular surface. Since the study, we have changed our
scleral buckle soaking and rinsing solutions from genta-
micin to 2-3% povidone-iodine. We soak the buckle ele-
ments for five minutes prior to buckle placement.
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