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Abstract
Background: Biofilm-associated bacteria have been observed in both breast implant revision and tissue expander-

implant exchange surgeries. The utilization of antimicrobial solutions in breast surgery, especially those containing triple 

antibiotics (TAB) and/or 10% povidone-iodine (PI), may help reduce existing biofilm-associated bacteria, which is particu-

larly important in a mature breast pocket that may contain residual bacteria from a previously colonized implant surface or, 

theoretically, bacteria that may arrive postoperatively through hematogenous spread.

Objectives: A series of in vitro assessments was performed to evaluate the antimicrobial utility of TAB and PI, either alone 

or in combination, against preformed biofilm-associated bacteria.

Methods: Preformed biofilm-associated gram-positive and gram-negative bacterial strains were exposed to TAB and PI 

± TAB for up to 30 minutes in a bacterial time-kill assay. Efficacy of various dilutions of PI and the effects of serum protein 

on PI efficacy were also investigated.

Results: TAB was ineffective at the timeframes tested when utilized alone; when utilized in conjunction with PI, significant 

log reduction of all biofilm-associated bacterial species tested was achieved when treated for at least 5 minutes. PI alone 

at a concentration of 25% or higher was also effective, although its efficacy was negatively affected by increasing serum 

protein concentration only for Staphylococcus epidermidis.

Conclusions: Our data indicate that PI-containing solutions significantly reduce biofilm-associated bacteria, suggesting 

potential utility for breast pocket irrigation during revision or exchange surgeries. Care should be taken to minimize exces-

sive dilution of PI to maintain efficacy.
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In breast implant revision and tissue expander-implant ex-

change surgeries, mature multi-layered bacteria can be 

present on the preexisting implant or in the surrounding 

tissue capsule.1-5 This may occur when free-floating plank-

tonic bacteria colonize extensively to form a 3-dimen-

sional structure and evolve into biofilms. Biofilm is usually 

polymicrobial in nature and encapsulated by an excreted 

exopolysaccharide that conveys a protective mechanism 

to the underlying bacteria and binds firmly to the under-

lying surface.6 It is therefore appropriate to assume that in 

a revision surgery, a new breast implant could be placed 

into a contaminated pocket with high levels of preexisting 

bacteria.7,8 Addressing biofilm-associated bacteria is sig-

nificantly more challenging compared with planktonic bac-

teria and may require longer exposure times and higher 

concentrations of antimicrobial solutions. When bacterial 

contamination inside the breast pocket is not mitigated ef-

fectively at the time of revision surgery, infection may per-

sist, and it is hypothesized to lead to serious complications 

such as capsular contracture, breast implant-associated 

anaplastic large cell lymphoma, and a prolonged local 

inflammatory response.3,6,7,9-12 These complications may 

take on greater importance when textured breast implants 

and tissue expanders are utilized because these products 

have been linked to the potential for increased bioburden 

and biofilm formation.4

The utilization of antimicrobial solutions, especially 

those containing triple antibiotics (TAB) and/or 10% po-

vidone-iodine (PI; Betadine), for breast pocket irrigation 

during revision surgeries, has been common practice for 

many surgeons over the past few decades. This technique 

is intended to minimize the presence of preexisting biofilm-

associated bacteria in the capsule prior to placement of 

a new implant.13 A variety of antimicrobial solutions have 

been utilized in secondary breast surgery procedures.14-16 

Bacitracin and other individual antibiotics; 17 combinations 

of antibiotics such as TAB containing bacitracin, cefazolin, 

and gentamicin; 18,19 PI at full strength and half strength; 20,21 

PI diluted in combination with TAB; 17,22 stabilized hypo-

chlorous acid (0.025% HOCl); 23-25 and chlorhexidine14,26 

have all been evaluated. The present study focuses on 

investigating the efficacy of PI or TAB, either alone or in 

combination, to significantly reduce biofilm-associated 

bacteria. More recently, the effectiveness of many of the 

aforementioned antimicrobial solutions was revisited, and 

the results supported our decision to exclude the other so-

lutions from our current study.22,25,26

The presence of biofilm-associated bacteria in the 

breast pocket can be significantly more challenging to 

address. As such, this type of contamination requires a 

thorough investigation for treatment parameters such as 

effective concentrations of antimicrobial solutions as a 

function of time. Because PI has been associated with cy-

totoxicity, some clinicians utilize dilute “tea-colored” PI to 

mitigate bacterial contamination while minimizing cytotoxic 

effects.27-30 However, there has been little investigation 

into the efficacy of dilute PI to mitigate preformed biofilm. 

Lack of proper guidelines on diluting PI could lead to in-

complete kill of biofilm-associated bacteria during revi-

sion surgeries, which could have deleterious downstream 

effects such as the induction of a persistent host inflam-

matory reaction.6 In addition to the broader challenge of 

addressing biofilm-associated bacteria with dilute PI, one 

must consider the potential negative impact of the pres-

ence of blood serum proteins on PI efficacy. In a revision 

surgery or tissue expander-breast implant exchange sur-

gery, the implant can be placed in a protein-rich environ-

ment, where the extravasation of serum proteins from a 

capsulectomy could affect the efficacy of antimicrobial ir-

rigation solutions; prior work suggests that this could be 

the case.31-33 Based on this information, identification of 

proper treatment guidelines for the utilization of PI also 

relies heavily on understanding how variables such as di-

lution factor and serum content affect its overall efficacy.

In this study, the anti-biofilm properties of TAB and 

PI solutions were evaluated against 5 species of bac-

teria implicated in breast implant infections. The fol-

lowing bacterial species reported to be present in breast 

tissue capsule flora were selected for testing, including 

gram-positive Staphylococcus aureus, Staphylococcus 

epidermidis,34 and Cutibacterium acnes (formerly known 

as Proprionibacterium acnes).35-37 C. acnes was of par-

ticular interest because this bacterial species has been 

associated with the potential to elicit aberrant T-cell re-

sponses38,39 and T-cell transformation has been linked 

to breast implant-associated anaplastic large cell lym-

phoma.40-42 In addition, relevant gram-negative bac-

teria Ralstonia pickettii3 and Pseudomonas aeruginosa34 

were also selected. This study assessed the efficacy of 

various concentrations of TAB and PI solutions against 

biofilm-associated phenotypes of these gram-positive 

and gram-negative bacterial species utilizing an in vitro 

screening platform. This report serves as part 2 of a series 

of companion publications in which the first part focuses 

on planktonic bacteria with relevance to primary breast 

surgeries and contamination of breast implant or tissue ex-

pander surfaces.45 The current manuscript discusses treat-

ment parameters to address potential infections presented 

during revision surgeries and tissue expander-breast im-

plant exchange surgeries where a mature capsule has 

formed prior to placement of the new breast implant and 

biofilm-associated bacteria may be present.

METHODS

All bacterial strains were purchased from American Type 

Culture Collection (ATCC, Manassas, VA). Refer to Table 1 

for the specific ATCC strains employed in this study.



Aliquots of the strains were stored as 20% glycerol stocks 

at −80°C. Every 2 weeks, fresh agar streak plates were pre-

pared, and for daily utilization, a fresh overnight culture 

was prepared from a single colony of the designated spe-

cies taken from an agar streak plate. Consumables utilized 

in these studies were employed in sterile form, where ap-

plicable. Agar, growth media, buffers, and other solutions 

utilized in the studies were prepared according to manufac-

turers’ recommendations and/or following internal protocols. 

Then PI (Betadine; NDC code 67618-150-01, Lot No. 80558-16; 

Medline Industries, Northfield, IL) was utilized as received or 

aseptically diluted with sterile 0.9% saline to obtain various PI 

dilutions. For clarity, the diluted concentrations of PI (eg, 50% 

PI) refers to the diluted percentage of stock Betadine solu-

tion, not the percentage of povidone-iodine (ie, 50% PI = 50% 

Betadine = 5% povidone-iodine). TAB was prepared as per 

Adams:17 0.2% w/v cefazolin sodium salt (Cat. No. 14325, 

Lot No. CZSS3756455; ChemImpex, Wood Dale, IL, 92.9%), 

0.016% w/v gentamicin sulfate salt (Cat. No. G1264-5 g, Lot 

No. SLBL4466V; Sigma, St. Louis, MO), and 100 IU/mL bac-

itracin (Cat. No. 226100050, Lot No. A0371439; Acros 

Organics, Waltham, MA, 60 IU/mg) in sterile saline. The 50% 

PI with TAB was prepared by mixing equal volumes of 100% 

PI and TAB. Human serum was obtained from Millipore Sigma 

(Burlington, MA, Cat. No. H4522). Dey-Engley (D/E) broth (Cat. 

No. 281910; Becton Dickinson Difco, Franklin Lakes, NJ) was 

utilized for neutralization of the various antimicrobial test ar-

ticles and was prepared per the manufacturer’s instructions.

C. acnes was cultured under anaerobic conditions 

throughout the experiment, and both the starting culture 

employed for inoculation and the tryptic soy agar (TSA) 

plates employed for enumeration were incubated for 48 

hours due to the low growth rate of this species. Given 

the short timepoints, treatments against C. acnes biofilms 

were performed in aerobic conditions, as with other spe-

cies. All other species were grown aerobically following 

standard conditions as recommended by the ATCC.

Time-Kill Assay Setup

Assays to determine the efficacy of the antimicrobial solu-

tions against biofilm-associated bacteria were performed 

in polystyrene 96-well microtiter plates. Briefly, biofilms 

were established on the bottom of the microtiter plate 

wells by inoculating each well with 100 µL of an overnight 

culture diluted in tryptic soy broth to a final bacterial con-

centration of approximately 107 CFU/mL. Biofilms were 

grown for 48 hours in static conditions at 37°C and in 

a humidified atmosphere. Fresh tryptic soy broth media 

was replaced at 24 hours. At the 48-hour mark, contents 

of the wells were aspirated to remove loosely associated 

and planktonic bacteria, leaving only biofilm-associated 

bacteria prior to treatment with antimicrobial solutions. 

Within a single 96-well plate, a single antimicrobial solu-

tion type was assessed, and a number of treatment time 

points were evaluated, ranging from 1 to 30 minutes. To 

the preformed biofilms, 300 µL of the antimicrobial so-

lution was added and then aspirated at the designated 

treatment time, followed by the addition of neutralizer 

(D/E broth, 300 µL/well) for 10 minutes. The neutralizer 

was then aspirated, and fresh solution of D/E added to 

the wells. Note that in this assay, the majority of the treat-

ment is removed through aspiration, allowing for TAB to 

be evaluated and appropriately neutralized, unlike the 

planktonic assay previously reported,45 which required 

a 24-well plate setup to allow for proper neutralization 

of the TAB treatment (ie, 400× dilution). Viable bacteria 

were recovered through indirect sonication, wherein 

the 96-well plate was placed on a water bath sonicator 

equipped with a metal lid. Bacterial survivors were enu-

merated through serial dilution and plating on 1.5% TSA 

plates. Each condition was evaluated in 3 independent 

experiments and 8 sample replicates within the experi-

ment. In this study, all colonies were counted and in-

cluded in the reported results; however, it is important 

to note that the reliable detection limit for standard plate 

counts is 10 CFU per plate, which corresponds to 1.8 log 

when plating 150 µL of the neutralized sample, as done 

in this assay.

For experiments including serum, biofilms were 

grown as described above, followed by addition of 

serum and the designated treatment (ie, varying con-

centrations of PI). A  stock of human serum was pre-

pared utilizing commercially available human serum 

and diluting with saline so that the final concentration of 

proteins was 50 g/L. To the wells containing preformed 

biofilms, 75  µL/well of the designated concentration 

of serum was added and after 5 minutes, 225 µL/well 

of the designated PI solution was added. The biofilms 

were treated with the serum-PI suspension for 5 min-

utes. Recovery and enumeration of surviving bacteria 

was performed as described above. Each condition was 

evaluated in 3 independent experiments and 8 sample 

replicates were included for each treatment and for 

each experimental replicate. Data were collected from 

multiple in vitro experiments performed between July 

2017 and August 2019.

Table 1. Biofilm-Associated Bacterial Strains Tested

Species Strain

Staphylococcus aureus ATCC 29213

Ralstonia pickettii ATCC 27511

Staphylococcus epidermidis ATCC 35984

Cutibacterium acnes; former designation: 

Propionibacterium acnes

ATCC 6919

Pseudomonas aeruginosa ATCC 27312

ATCC, American Type Culture Collection
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RESULTS

The time-kill assay studies were designed to evaluate the ef-

ficacy of antimicrobial solutions against biofilm-associated 

bacteria using an in vitro model system that approximates 

their clinical use, where there is a high ratio of antimicrobial 

solution to bacteria. For this study, eradication was defined 

as reduction of bacteria beyond the reliable limit of detec-

tion for standard plate counts, which, as stated earlier, is 10 

CFU/plate or 1.8 log utilizing the methodology reported in 

the Methods section. As such, bacterial survival at or less 

than 1.8 log would be considered eradication of the biofilm-

associated bacteria. Following treatment, bacterial survival 

was qualitatively observed and quantified utilizing enu-

meration. Examples of bacteria survival on TSA plates are 

shown in Figure 1, with S. epidermidis and P. aeruginosa 

chosen as representative gram-positive and gram-negative 

species, respectively, regarding residual bacterial survival 

following treatment. Neither saline nor TAB appeared to be 

effective at eradicating biofilm-associated bacteria across 

all 5 species (data not shown for S. aureus, C. acnes, or R. 

pickettii) at any of the 5 time points evaluated (data for 20 

and 30 minutes of exposure not shown). Both full-strength 

(100%) and half-strength (50%) PI with or without TAB ex-

hibited efficacy at eradicating biofilm-associated bacteria 

following exposure of at least 1 minute, except for the 

Staphylococci species, where some residual bacterial sur-

vival was observed.

This qualitative assessment reflects the results seen 

with bacterial enumeration (Figure  2). TAB was ineffec-

tive at all timeframes tested (≤30 minutes), which was 

comparable with the saline control treatment. This sug-

gests that TAB, when administered alone, was ineffec-

tive at significantly reducing biofilm-associated bacteria 

for all 5 species evaluated within the tested treatment 

times. The combination treatment of 50% PI-TAB erad-

icated biofilm within 5 minutes for all bacterial species 

but required only approximately 1 minute  to eradicate 

the non-Staphyloccocus bacterial species (ie, C. acnes, P. 

aeruginosa, and R. pickettii) biofilm. Both full-strength and 

Figure 1. Qualitative visualization of biofilm-associated bacterial survival as exhibited with representative gram-positive 
(Staphylococcus epidermidis) or gram-negative (Pseudomonas aeruginosa) species in tryptic soy agar plates following 
treatment with saline, triple antibiotic solution (TAB), 50% PI (±TAB), or 100% PI for 1, 5, or 10 minutes. Data not shown for 20- 
and 30-minute treatment times. Note: PI refers to 10% povidone-iodine or full-strength Betadine.



half-strength PI were generally effective at significantly re-

ducing biofilm-associated bacterial species within 5 min-

utes of exposure, although some variability within the limit 

of detection was observed with S. aureus and R. pickettii 

in this timeframe.

Given its effectiveness at concentrations of 50% (half-

strength) or higher, the efficacy of dilute concentrations of 

PI between 2.5% and 25% was evaluated with treatment 

times between 1 and 10 minutes (Figure 3A-E). For refer-

ence, the color of diluted PI at 2.5%, 5%, 10%, 15%, and 

25%, respectively, is shown in Figure 3F. Dilute concentra-

tions of PI (down to 2.5%) exhibited significant reduction 

in biofilm-associated bacteria after at least 2 minutes of 

exposure for C. acnes and at least 5 minutes of exposure 

for P. aeruginosa. This suggests that these 2 species are 

quite susceptible to PI treatment. R. pickettii appeared to 

require at least 15% PI to show significant log reduction 

after at least 2 minutes of treatment. Very dilute concentra-

tions of PI were not as effective for the 2 Staphylococcus 

strains (S. epidermidis and S. aureus). For example, at the 

5-minute treatment time, 10% PI or higher was required 

to eradicate S. aureus biofilm and 25% PI was required 

to eradicate S. epidermidis biofilm, suggesting that S. 

epidermidis may be the most tolerant species to PI, which 

is consistent with the results of our study with planktonic 

bacteria.45

Antimicrobial efficacy of PI may be affected by the 

presence of proteins, so a number of experiments were 

A B

C D

E

Figure 2. Enumeration of biofilm-associated bacterial survival for gram-negative Pseudomonas aeruginosa (A) and Ralstonia 
pickettii (B) as well as gram-positive Staphylococcus aureus (C), Staphylococcus epidermidis (D), and Cutibacterium acnes (E) 
following treatment with saline, triple antibiotic solution (TAB), 50% PI (±TAB), or 100% PI for 1, 5, 10, 20, or 30 minutes. Data are 
represented as mean bacterial survival ± standard deviation in log (CFU/mL)  from 3 experimental replicates and 8 treatment 
replicates per experiment. Note: PI refers to 10% povidone-iodine or full-strength Betadine.
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performed in the presence of serum proteins utilizing 4 

bacterial species of interest: 2 gram-positive bacteria, S. 

epidermidis and S. aureus, and 2 gram-negative bacteria, 

P. aeruginosa and R. pickettii. C. acnes was not evaluated 

in these experiments given the high efficacy observed for 

PI against this species. PI concentrations between 12.5% 

and 75% were evaluated to ensure that the full range of log 

reduction in biofilm-associated bacteria could be detected. 

The concentration of serum ranged between 1.5% and 

12.5% to cover the potential range of protein levels pre-

sent in the breast pocket as reported in the literature.24,25 

For P. aeruginosa, R. pickettii, and S. aureus, diluting to 

one-eighth strength PI (12.5%) did not appear to have a 

pronounced negative effect on PI efficacy. However, there 

was a reduction in PI efficacy against S. epidermidis when 

PI was diluted lower than quarter-strength (25% PI). Of 

the 4 bacterial species evaluated, only efficacy against S. 

epidermidis appeared to be affected by the presence of 

serum and only at the lowest concentration of PI evalu-

ated, that is, 12.5% PI (Figure 4).

DISCUSSION

In situations where a mature capsule has already formed 

around a breast implant or tissue expander, biofilm-

associated bacteria may be present at the implant-tissue 

interface. Bacteria may be introduced through various 

means, such as from inadvertent contamination during 

the original implantation, bacterial co-localization due to 

hematogenous spread, and/or bacterial transfer from the 

A B

C D

E F

Figure 3. Enumeration of biofilm-associated bacterial survival for gram-negative Pseudomonas aeruginosa (A) and Ralstonia 
pickettii (B) as well as gram-positive Staphylococcus aureus (C), Staphylococcus epidermidis (D), and Cutibacterium acnes 
(E) following treatment with dilute concentrations of PI (2.5%, 5%, 10%, 15%, and 25%) for 1, 2, 5, or 10 minutes. Data are 
represented as mean bacterial survival ± standard deviation in log (CFU/mL) from 3 experimental replicates and 8 treatment 
replicates per experiment. (F) Color palette for different dilutions of PI shown for reference. Note: PI refers to 10% povidone-
iodine or full-strength Betadine.



breast microbiome, all of which could lead to the devel-

opment of biofilm on or around the implant.43,44 As such, 

plastic surgeons often utilize antimicrobial solutions for 

breast pocket irrigation during revision or exchange sur-

geries. According to recent American Society of Plastic 

Surgeons surveys,15,16 over one-half of all plastic surgeons 

perform breast pocket irrigation in reconstructive pro-

cedures with either TAB or PI, with TAB being generally 

favored.15 However, little consistency regarding clinical 

utilization parameters such as specific concentrations of 

antimicrobial solutions and treatment times have been 

documented. The current study evaluates the effect of dif-

ferent antimicrobial solution concentrations and exposure 

times on various bacterial species utilizing a series of in 

vitro assays.

Our initial selection of treatment times for these anti-

microbial solutions was up to 30 minutes given the 

more challenging nature of biofilm-associated bacteria. 

However, given the minimal difference observed at the 

longer exposure times, subsequent analyses focused on 

shorter times (≤10 minutes), which is also consistent with 

an acceptable amount of time for intraoperative proced-

ures such as breast pocket irrigation. Within this short 

exposure timeframe, PI-containing solutions were quite 

effective in terms of log reduction of biofilm-associated 

bacteria when treated for at least 5 minutes (Figures 1 and 

2). Additionally, we studied the efficacy of diluted PI given 

the practice of diluting it by some surgeons. We set out 

to determine the minimum threshold concentration of PI 

required for significant log reduction of biofilm-associated 

bacteria. Due to the increased complexity of bacterial bio-

films compared with its planktonic form and its associated 

tolerance against antimicrobial solutions, we observed 

that at 5 minutes of exposure, 25% (quarter-strength) to 

50% (half-strength) PI was required to retain good anti-

microbial effects (Figures 2 and 3). The relatively strong 

efficacy observed with utilization of PI is expected when 

considering its mechanism of action. The active com-

ponent of PI is iodine, and at the highest concentration 

utilized in this study (100% PI), the free iodine is approx-

imately 1%. Iodine quickly dissociates from the povidone- 

iodine complex, penetrating the cells and rapidly reacting 

with a multitude of molecular targets, including proteins, 

nucleotides, and fatty acids, ultimately causing bacterial 

death. Treatment with PI can also elicit cytotoxic effects on 

healthy cells27-30 and, as such, some clinicians dilute PI to 

A B

C D

Figure 4. Enumeration of biofilm-associated bacterial survival for gram-negative Pseudomonas aeruginosa (A) and Ralstonia 
pickettii (B) as well as gram-positive Staphylococcus aureus (C), Staphylococcus epidermidis (D) under varying concentrations 
of both human serum and PI with treatment for 5 minutes. The ranges of tested concentrations for PI (0%-75%) and serum 
(1.56%-12.5%) are represented on the x-axis and y-axis, respectively. Data are represented as mean bacterial survival in 
log (CFU/mL) in the z-axis from 3 experimental replicates and 8 treatment replicates per experiment. Note: PI refers to 10% 
povidone-iodine or full-strength Betadine.
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avoid these effects while mitigating bioburden. However, 

as noted in our results and in contrast to the results of our 

planktonic bacteria study,45 diluting PI lower than quarter-

strength will likely minimize its efficacy against biofilm-

associated bacteria.

In addition, for secondary procedures (ie, implant re-

vision with capsulectomy or tissue expander-implant ex-

change), the implant is placed in a potentially protein-rich 

environment unless hemostasis is completely controlled. 

In combination with the potential for preformed biofilm 

within the capsule, interaction of serum proteins could 

have a pronounced negative effect on the efficacy of an 

antimicrobial solution (eg, PI), which has been suggested 

by others.31-33 The presence of blood serum proteins in 

the breast pocket can neutralize the efficacy of PI. In this 

study, we aimed to determine the efficacy of dilute PI as 

a function of serum concentration. Our goal was to es-

tablish the minimum concentration of PI that could signif-

icantly reduce biofilm-associated bacteria while standing 

up to the neutralizing effects of serum proteins. Given that 

Staphylococcus epidermidis is one of the most common 

microorganisms seen in the breast microbiome and biofilm-

associated bacteria tend to be polymicrobial in nature, the 

in vitro data suggest that PI efficacy may not be maintained 

if diluted to concentrations lower than 25% in the presence 

of between 1% and 12.5% serum (Figure 4). What is also rel-

evant to note is that in the absence of serum (see Figure 3), 

quarter-strength (25%) PI also significantly reduces the 

biofilm-associated microbial load for all species if treat-

ment time is at least 5 minutes. Taken together, this sug-

gests that at PI concentrations relevant for significant log 

reduction of biofilm-associated bacteria (>25%), the effect 

of serum proteins at levels likely to be present in the breast 

pocket may be less pronounced. It is also important to note 

that these reported studies are in vitro experiments that 

do not necessarily capture the whole picture of the clinical 

situation. The goal here was to provide general guidance 

with respect to how both PI dilution and the presence of 

serum proteins affect anti-biofilm efficacy. Furthermore, 

there is a difference between a high level of observed 

efficacy and implant and/or surgical pocket “sterilization” 

utilizing an antimicrobial treatment. Any level of bioburden 

left on the implant or within the breast pocket has the po-

tential to develop into an infection after surgery; however, 

significantly reducing the number of bacteria will certainly 

limit this potential as the natural immune response ensues. 

All of these are important considerations that should be 

followed-up with further studies utilizing in vivo preclinical 

models and clinical studies.

As highlighted in a recent American Society of Plastic 

Surgeons survey on utilization patterns around breast 

pocket irrigation in reconstructive breast surgery,15 ap-

proximately 60% of plastic surgeons utilize TAB. Various 

clinical studies, as summarized in Lynch et al46, suggest 

that irrigation with Adams’s TAB is effective at reducing 

infection and capsular contracture rates compared with 

saline or no irrigation. However, nearly 75% of surveyed 

plastic surgeons utilized a dwell time of 2 minutes or less 

for their pocket irrigation solution in reconstructive pro-

cedures.15 Our in vitro study results show that short ex-

posure times (eg, ≤10 minutes) do not necessarily support 

TAB (containing bacitracin, cefazolin, and gentamicin) 

as an effective treatment for significant log reduction 

of biofilm-associated bacteria for the strains that were 

tested. This makes sense because the individual com-

ponents of TAB (ie, bacitracin, cefazolin, and gentamicin) 

generally require longer exposure times and often only 

affect metabolically active bacteria. For example, baci-

tracin is a polypeptide antibiotic that affects transport of 

key building blocks to the growing cell wall, so, over time, 

the presence of this antibiotic will stunt the formation of 

the cell wall.47 Similarly, cefazolin exerts its effects by 

preventing peptidoglycan production, ultimately leading 

to cell lysis.48 Additionally, gentamicin works by binding 

to the ribosome and inhibiting protein synthesis.49

Taken together, it suggests that bactericidal activity 

through antibiotics will not manifest without bacterial met-

abolic activity and/or proliferation, which requires an ex-

tended period of treatment time (ie, generally measured in 

hours and days, not minutes). Even though the concentra-

tions of antibiotics in TAB utilized in our in vitro assay are 

significantly higher (>100×) than the minimal bactericidal 

concentration, the exposure times evaluated in this study 

are likely not long enough to obtain the desired bacte-

ricidal effect. This is further confounded when the bac-

teria are in a metabolically quiescent state, as is the case 

with biofilm-associated bacteria. Therefore, given that the 

mechanism of action for TAB requires metabolic activity, 

it is not surprising that TAB alone did not show efficacy in 

our in vitro assay, but clinically, local delivery of TAB may 

still be important because some antibiotic will remain in 

the surgical pocket to protect against any remaining bac-

teria over time. A prospective clinical study looking at the 

utilization of TAB irrigation by Adams and colleagues19 

suggested a reduction in rates of capsular contracture. 

However, there was no active evacuation of the TAB so-

lution following pocket irrigation, which may contribute 

to the outcomes. Additionally, a recent update by the 

same group supports the assertion that continuous expo-

sure to TAB may be important because their in vitro data 

suggest  that TAB alone may require a longer exposure 

time (eg, at least 18 hours for R. pickettii) to be completely 

bactericidal against planktonic bacteria compared with 

PI-containing solutions.22 Another recent study looking at 

TAB efficacy against S. aureus and S. epidermidis shows 1 

log reduction after 30 minutes of exposure.50 Combined, 



these results suggest that a much longer exposure time 

may be required to significantly reduce biofilm-associated 

bacteria compared with planktonic bacteria. Given the 

varying clinical utilization patterns and protocols, TAB ef-

fectiveness may vary greatly, depending on the amount of 

residual antibiotic solution that may persist in the pocket. 

There are no published studies on the persistence of anti-

microbial irrigation fluid within the pocket, which could 

vary depending on pocket size given varying dissection 

techniques. This may help explain the mixed clinical re-

sults reported by others on the utilization of TAB irrigation 

in breast surgeries.51-53 Because our study did not look 

specifically at prolonged exposure of bacteria to TAB, it 

is unclear whether longer term exposure would be more 

effective and may warrant further study considering that 

irrigation fluid may remain in the surgical site. Although 

TAB alone appears to be minimally effective under our 

test conditions, it is important to note that the combination 

treatment of TAB with PI appears to be effective. The data 

suggest that PI is a crucial component for antimicrobial 

efficacy, either alone or in combination with Adams’s TAB, 

with the latter possibly being more important for longer 

term antimicrobial action post-surgery.

There are some limitations associated with this study. 

Biofilms tend to be polymicrobial in nature, and our in 

vitro assays only studied a single bacterial species at a 

time. In addition, these in vitro assays were performed 

with 48-hour-old biofilm-associated bacteria, which may 

not reflect what would occur with mature biofilm that may 

be present on or surrounding the implanted device in re-

vision or exchange surgeries. This study was conducted 

utilizing 5 strains of bacteria known to be relevant to the 

clinical setting, so additional bacterial species could be 

tested in future studies. In addition, the focus of these 

studies was on evaluating TAB and PI solutions; there has 

been increasing interest in the utilization of stabilized hy-

pochlorous acid for pocket irrigation and this could be 

evaluated in a separate study. Furthermore, the in vitro 

assay setup in this study is a simplified 2-dimensional 

testing platform, which employed polystyrene instead 

of silicone surfaces. The role of surface texturization as 

well as its effects on protein binding have been evalu-

ated in various studies32,33,54 and suggest that the pres-

ence of proteins such as fibrinogen and type I  or type 

III collagen may have a pronounced effect on bacterial 

biofilm formation. In our study, data suggest that interac-

tion of serum proteins with PI could negatively impact its 

efficacy. Therefore, future studies could interrogate the 

complex interplay between implant surface properties, 

serum protein binding, and possible inactivation of anti-

microbial solutions such as PI. As such, the correlation 

between the results of these in vitro studies and clinical 

outcomes is not known and could be further investigated 

through appropriate in vivo preclinical studies and clin-

ical work. However, these in vitro findings are supported 

by the outcomes reported for utilizing PI in pocket irriga-

tion in prospective clinical studies. Clinical studies from 

Burkhardt and colleagues55,56 demonstrated a significant 

reduction in grade III/IV capsular contracture with utiliza-

tion of antibiotic-containing solutions or foams that could 

have prolonged contact with surrounding tissue as well 

as PI irrigation compared with saline controls. More re-

cently, Pat McGuire performed a risk factor analysis for 

capsular contracture in patients from the prospective 

Continued Access Reconstruction/Revision Expansion 

trial and noted that intraoperative utilization of antibiotic-

based pocket irrigation instead of PI was a risk factor for 

increased capsular contracture in the primary reconstruc-

tion cohort.57

CONCLUSIONS

In summary, we acknowledge that there are multiple ap-

proaches for breast implant pocket irrigation designed to 

mitigate the presence of biofilm within the capsule, in-

cluding saline, TAB, PI diluted in combination with TAB, 

and PI. In this report, we aimed to evaluate the efficacy 

of TAB and various dilutions of PI in significantly redu-

cing biofilm-associated bacteria as a function of time. 

Based on the results of this study, 10% povidone-iodine 

(full-strength Betadine) appears effective in killing both 

gram-positive and gram-negative biofilm-associated bac-

teria ranging from full-strength down to 25% PI (quarter-

strength or 2.5% povidone-iodine). Our findings are 

supported by a recent report by Culbertson et al22 that 

recommends the utilization of PI-containing antimicrobial 

solutions for breast pocket irrigation and suggests that 

up to 18 hours of exposure to TAB alone does not consist-

ently eradicate all bacterial species tested. Saline, which 

was utilized as a control in the study, showed minimal bac-

tericidal effect, suggesting that its value for breast pocket 

irrigation to mitigate bioburden load is questionable and 

may simply be beneficial only for removing nonbacterial 

components like wound fluid or blood. The data also sug-

gest that TAB without PI may not be the ideal choice for 

perioperative utilization as a breast pocket irrigant. Our 

data suggest that PI-containing solutions over either sa-

line or TAB without PI allow for significant log reduction 

of biofilm-associated bacteria. In addition, care should be 

taken to minimize excessive dilution of PI to maintain effi-

cacy against biofilm-associated bacteria.
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