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Abstract
Background: Planktonic bacteria can be inadvertently introduced during breast surgery procedures, which are hypothe-

sized to lead to complications such as infection, capsular contracture, breast implant-associated anaplastic large cell 

lymphoma, and a prolonged local inflammatory response. The utilization of antimicrobial solutions such as triple antibiotic 

solution (TAB) and/or 10% povidone-iodine (PI) in breast pocket irrigation or implant soaking has been proposed to reduce 

planktonic bacterial attachment and potential complications.

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

alone or in combination, against planktonic bacteria.

Methods: Planktonic gram-positive and gram-negative bacterial strains were exposed to TAB and PI ± TAB for up to 10 

minutes in a bacterial time-kill assay. The efficacy of various dilutions of PI as well as the effects of serum protein on PI 

efficacy were also investigated.

Results: TAB was ineffective at the timeframes tested (≤10 minutes) when utilized alone; however, when utilized with PI, 

significant log reduction of all tested planktonic species was achieved. PI alone was also effective, even including dilute 

concentrations (eg, 0.5% PI), although the presence of serum proteins required higher concentrations of PI (eg, 2.5%) to 

eradicate the bacterial load.

Conclusions: Our data suggest PI-containing solutions may be preferred over either saline or TAB without PI for primary 

breast pocket irrigation and implant soaking in primary breast surgeries as a means to significantly reduce planktonic 

bacteria. These data provide an impetus for surgeons to re-evaluate the efficacy of TAB solution in these clinical settings.

Editorial Decision date: October 5, 2020; online publish-ahead-of-print November 18, 2020.

Bacterial colonization can occur with any implantable de-

vice. In primary augmentation and reconstructive breast 

surgeries, silicone-based breast implants and tissue ex-

panders are commonly utilized and planktonic bacteria 

can be inadvertently introduced during the surgical proce-

dure1 due to electrostatic charge from opening the implant 

package,2 transfer from the existing local skin and/or breast 

tissue microbiome,3,4 or introduction through breast ductal 

tissue.5 Hypothesized complications associated with bacte-

rial bioburden at the breast implant-tissue interface include 

infection, capsular contracture, breast implant-associated 

© 2020 The Aesthetic Society.
This is an Open Access article distrib-
uted under the terms of the Creative 
Commons Attribution Non-Commercial 
License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and 
reproduction in any medium, provided 
the original work is properly cited. For 
commercial re-use, please contact jour-
nals.permissions@oup.com

Aesthetic Surgery Journal
2021, Vol 41(11) 1242–1251

mailto:braden.leung@allergan.com?subject=
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Jewell et al 1243

anaplastic large cell lymphoma, and a prolonged local in-

flammatory response.6-11 With an increasing emphasis on 

the potential contributions of bioburden to these compli-

cations, aseptic techniques as reported in the 14-point plan 

have been touted to help reduce bacterial contamination 

on and around implants.1 Point #8 (ie, perform pocket irri-

gation with triple antibiotic solution [TAB] or Betadine) is 

particularly germane. The utilization of antimicrobial solu-

tions such as TAB or 10% povidone-iodine (PI) is intended 

to minimize bioburden either on the implant itself or in the 

surrounding tissue on mammary pocket creation in primary 

breast surgeries.12

There is a prevalent and long history of antimicrobial 

solution utilization in breast surgery, particularly in breast 

pocket irrigation and more recently for implant soaking.13,14 

For the latter, soaking the implant in an antimicrobial solu-

tion is meant to address potential bacterial attraction due 

to an electrostatic charge imparted on opening the sterile 

package.2,4,15,16 A  variety of antimicrobial solutions have 

been utilized,13,14 including but not limited to bacitracin 

and other individual antibiotics; 17 TAB as per Adams; 18,19 PI 

(Betadine) at full strength (100%), half strength (50%),20,21 or 

diluted in combination with TAB; 17,22 stabilized hypochlo-

rous acid (0.025% HOCl); 23-25 and chlorhexidine.13,26 The 

present study focuses on assessing the antimicrobial ef-

ficacy of TAB and PI either alone or in combination, be-

cause these were the most commonly utilized solutions 

highlighted in recent surveys of plastic surgeons.13,14 More 

recently, the effectiveness of many of these antimicrobial 

solutions was revisited,22,25,26 which supported our deci-

sion to exclude the other solutions from our study.

Given the warning introduced in 2001 by the US Food 

and Drug Administration on the utilization of PI in conjunc-

tion with silicone breast implants and tissue expanders due 

to concerns that it would degrade the silicone implant shell 

and lead to premature device failure, there has been min-

imal emphasis on evaluating PI efficacy in the intervening 

2 decades. The seminal work reported by Adams and col-

leagues17,18 provides guidelines for utilization of PI and/or 

TAB for pocket irrigation. However, TAB without PI is gen-

erally favored in clinical practice for implant soaking,14 and 

there are few, if any, guidelines for this practice despite 

fairly widespread utilization.  Additionally, concerns about 

cytotoxicity of PI under in vitro conditions27-30 has led some 

clinicians to dilute it to “tea-color” in clinical utilization to 

mitigate bioburden while being cautious about potentially 

damaging healthy tissue. Lack of proper standardization 

and the anecdotal nature of PI utilization among clinicians 

warrant the need for proper investigation of PI concen-

trations and the time needed for optimal efficacy for both 

breast pocket irrigation and implant soaking. As such, we 

have also investigated the efficacy of dilute PI concentra-

tions in this study.

A series of in vitro assessments to evaluate the utility of 

TAB and PI, either alone or in combination, for both breast 

pocket irrigation and implant soaking prior to placement 

was conducted in this study. The following bacterial spe-

cies reported to be present in breast capsule flora were 

selected for testing: gram-positive Staphylococcus aureus, 

Staphylococcus epidermidis,31 and Cutibacterium acnes 

(formerly known as Propionibacterium acnes),4,32,33 as well 

as gram-negative Ralstonia pickettii7 and Pseudomonas 

aeruginosa.31 Given that primary breast surgeries account 

for initial exposure of the breast pocket or implant to bac-

teria, the strong likelihood is that only planktonic bacteria 

would be encountered in these situations. As such, this 

study assessed the in vitro efficacy of antimicrobial solu-

tions on eradicating the planktonic form of these bacte-

rial species. Exposure times were limited to the preferred 

upper limit (≤10 minutes) to make utilization practical in 

the operating room. This report will serve as part 1 of a 

series of 2 companion manuscripts to inform the utiliza-

tion of antimicrobial solutions on target procedures. The 

first manuscript will target primary breast surgeries where 

planktonic bacteria can contaminate the implant/tissue ex-

pander surface. The second manuscript will address revi-

sion or tissue expander-implant exchange surgeries where 

biofilm can be present in the breast pocket capsule.36

METHODS

All bacterial strains were purchased from American Type 

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

for the specific ATCC strains utilized in this study.

Aliquots of the strains were stored as 20% glycerol 

stocks at −80°C. Every 2 weeks, fresh agar streak plates 

were prepared. For daily utilization, a fresh overnight cul-

ture was prepared from a single colony of the designated 

species taken from an agar streak plate. Consumables in 

these studies were utilized in sterile form, where applicable. 

Agar, growth media, buffers, and other solutions utilized 

in the studies were prepared according to manufacturers’ 

recommendations and/or following internal protocols. 

Table 1. Planktonic 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



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 var-

ious PI dilutions. For clarity, the diluted concentrations of 

PI (eg, 50% PI) refer to the diluted percentage of stock 

Betadine solution, 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. G1264-5g, Lot No. SLBL4466V, Sigma, St. Louis, 

MO), and 100 IU/mL bacitracin (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 neu-

tralization of the various antimicrobial test articles and pre-

pared per the manufacturer’s instructions.

C. acnes was cultured under anaerobic conditions 

throughout the experiment, and both the starting culture 

utilized for inoculation and the tryptic soy agar (TSA) plates 

utilized for enumeration were incubated for 48 hours due 

to the low growth rate of this species. Given the short 

timepoints, treatments against C. acnes were performed in 

aerobic conditions, as with other species. All other species 

were grown aerobically following standard conditions as 

recommended by ATCC.

Time-Kill Assay Setup

Assays to determine the efficacy of the antimicrobial so-

lutions against planktonic bacteria were performed in 

microtiter plates (96-well and 24-well plates as noted 

below). For the 96-well plate setup (all treatments that did 

not contain TAB), 190 µL of the antimicrobial solutions was 

added to wells of the plate at the start of the assay. Then 

10  µL of the bacterial inoculum was added and the sus-

pension mixed well, resulting in a starting inoculum of ap-

proximately 0.5 to 5×107 CFUs. After 1, 5, or 10 minutes of 

treatment, aliquots of the suspensions (60 µL) were trans-

ferred to wells containing D/E neutralizer (240  µL) and 

mixed well. The neutralized samples were then plated on 

1.5% TSA plates (with or without serial dilution) and enu-

merated utilizing standard plate counts. In this study, all 

colonies were counted and reported from the enumer-

ation plates; however, it should be recognized that the reli-

able detection limit for standard plate counts is 10 CFU per 

plate, or 1.8 log using the plating technique of 150 µL of the 

neutralized treatment per plate.

Assays utilizing surgical solutions containing TAB were 

conducted in a 24-well plate given that a 400-fold dilution 

of the treatment in D/E broth was required for proper neu-

tralization. Bacterial suspensions (inoculum) con-

taining approximately 109 CFU/mL were prepared 

either directly from the overnight cultures of bacteria  

(R. pickettii and P. aeruginosa; C. acnes: 2-day-old 

culture) or by concentrating the overnight cultures  

(S. aureus and S. epidermidis). Then 950 µL of the antimicro-

bial solutions was added to the wells at the start of the assay, 

after which 50 µL of the bacterial inoculum was added and 

mixed well, resulting in a starting inoculum of approximately 

0.5 to 5×108 CFUs. After 1, 5, or 10 minutes of treatment, 5-µL 

aliquots of the suspensions were transferred to the wells 

containing D/E neutralizer (2 mL). The neutralized samples 

were then plated on 1.5% TSA plates (with or without serial 

dilution) and enumerated. For each of the assays described 

above, there were 6 sample replicates within each experi-

ment and the experiment was performed 3 times.

For evaluation of the effects of serum on PI efficacy, 

human serum with 50 g/L of serum proteins was prepared 

by diluting commercial human serum with saline. This was 

done to simulate potential dilution of PI in a freshly dis-

sected breast pocket by protein-rich tissue exudate and 

blood. All other serum concentrations were prepared by 

diluting the serum stock with saline immediately prior to 

utilization. For assay setup, appropriate concentrations of 

serum were added to wells of the 96-well plate (50 µL/well)  

followed by addition of the microbial inoculum (50 µL/well).  

After 5 minutes, 100 µL/well of the designated PI solution 

was added to each well and the suspension mixed and in-

cubated for 5 minutes. The individual samples were then 

neutralized in D/E broth and enumerated as described 

above. Each treatment condition was evaluated with 6 

sample replicates and 3 experimental replicates. Data 

were collected from multiple in vitro experiments per-

formed between July 2017 and August 2019.

RESULTS

The bacterial time-kill assay was designed to evaluate the 

efficacy of antimicrobial solutions analogous to the clinical 

utilization of these solutions, with a high ratio of antimicro-

bial solution to bacteria (ie, 20:1 v/v). Following treatment, 

bacterial survival was qualitatively visualized on TSA plates 

and quantified utilizing enumeration. Examples of bacteria 

survival on TSA plates are shown in Figure 1, with S. aureus 

and P. aeruginosa chosen as representative gram-positive 

and gram-negative species, respectively, regarding re-

sidual bacterial survival following treatment. Neither sa-

line nor TAB appeared to be effective at eradicating 

planktonic bacteria across all 5 species (data not shown 

for S. epidermidis, C. acnes, or R. pickettii) at any of the 3 

treatment times evaluated because bacterial survival was 

clearly observed. In contrast, both full-strength (100%) and 
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half-strength (50%) PI with or without TAB exhibited po-

tent antibacterial properties against all 5 planktonic bac-

teria species tested when exposure time was greater than 

1 minute. This qualitative assessment reflects the results 

of the enumeration of bacterial survival (Figure  2). TAB 

was ineffective at eradicating planktonic bacteria when 

administered alone within the timeframes tested (≤10 min-

utes), that is, less than 1 log reduction compared with the 

saline-treated control. When utilized in combination with 

PI, TAB exhibited significant log reduction in bacterial sur-

vival within 1 minute for the non-Staphylococcus bacterial 

species, whereas it required at least 5 minutes for both S. 

aureus and S. epidermidis. PI at both full strength and half 

strength was generally effective at significantly reducing 

all bacteria within 1 minute for all species. Some variability 

was noted with S. aureus survival after 1 minute of treat-

ment; however, this variability is within the detection limit 

of standard plate counts (eg, 10 CFU/plate, or 1.8 log util-

izing the methodology reported here).

In addition to high-strength PI, we evaluated dilutions of 

PI ranging from 0.1% to 12.5% (Figure 3A-E), aligning with 

reports of “tea-colored PI” utilization in clinical settings. 

Based on the color of the dilutions utilized in this study, this 

is likely to be in the range of 0.5% and 2.5% PI (Figure 3F). 

Given the results of the high concentration experiments 

(Figure 2), we only tested dilute PI efficacy at 5 minutes of 

treatment time. All of the evaluated dilutions of PI (down 

to 0.1%) exhibited eradication of planktonic R. pickettii and 

C. acnes. This suggests that these 2 species are quite 

sensitive to PI. The PI treatment at 0.1% was not as effica-

cious against S. aureus, S. epidermidis, and P. aeruginosa. 

Instead, higher concentrations were required to show full 

efficacy, with at least 0.5% PI being required for S. aureus, 

P. aeruginosa, and S. epidermidis. Increased variability in 

bacterial survival within the detection limit was seen with S. 

epidermidis, suggesting that it may be the most PI-tolerant 

planktonic species evaluated in this study.

Because serum proteins may affect antimicrobial effi-

cacy, bacterial time-kill tests were also performed in the 

presence of serum proteins. Tests were conducted with 4 

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

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

Figure 1. Qualitative visualization of planktonic bacterial survival as exhibited with representative gram-positive 
(Staphylococcus aureus) 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. Note: PI refers to 10% povidone-
iodine or full-strength Betadine.



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

in these experiments given the high efficacy observed for 

PI against this species. Given the results of the dilute PI 

study, PI concentrations were kept between 0.5% and 10%. 

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 

Results for all species tested suggested that in the pres-

ence of 1.5% to 12.5% serum, there can be a diminished 

effect on PI efficacy if diluted lower than 2.5% (Figure 4).

DISCUSSION

To evaluate the efficacy of antimicrobial solutions against 

planktonic bacteria inadvertently introduced on the implant 

surface in primary breast implant surgeries, we have devel-

oped an in vitro experimental setup and tested TAB and 

PI (±TAB) at various concentrations. Although a variety of 

antimicrobial solutions have been reported in the literature 

for utilization in these applications (antibiotics and antisep-

tics), there has not been much work conducted to study 

their optimal concentration and time needed for killing 

planktonic bacteria as reported here.

A number of investigators have reported in recent 

ASPS surveys that over one-half of plastic surgeons soak 

their implants in TAB solution and/or PI.13,14 In addition, 

these recent surveys suggest that many surgeons are in 

favor of utilizing TAB for breast pocket irrigation without 

the addition of PI.14 Some studies as reviewed by Lynch 

et  al34 suggest that utilization of Adams’s TAB solution 

A B

C D

E

Figure 2. Enumeration of planktonic 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, or 10 minutes. Data are represented as 
mean bacterial survival ± standard deviation in log (CFU/mL)  from 3 experimental replicates and 6 treatment replicates per 
experiment. Note: PI refers to 10% povidone-iodine or full-strength Betadine.
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in pocket irrigation is effective at reducing infection and 

capsular contracture rates compared with saline alone 

or no irrigation; however, a recent study by Culbertson 

and colleagues22 suggests that TAB alone may require a 

longer exposure time (at least 18 hours) to be completely 

bactericidal compared with PI-containing antimicrobial 

solutions. In the Culbertson study,22 antimicrobial neutrali-

zation was not performed, so residual antimicrobial effects 

could be seen at longer timepoints. Our selection of 1, 5, 

and 10 minutes of exposure time to evaluate the effec-

tiveness of these antimicrobial solutions was empiric yet 

representative of the time that could be allocated within 

the surgical procedure for antimicrobial irrigation or im-

plant soaking without necessarily prolonging surgery and 

increasing its associated costs.  In addition, neutralization 

of the antimicrobial with D/E broth allows us to understand 

the baseline antimicrobial activity of these solutions in 

these short timeframes. Our in vitro results suggest that 

at these short exposure times (≤10 minutes), TAB solu-

tions alone do not exhibit significant log reduction of the 

strains of planktonic bacteria that were tested (Figures  1 

and 2). Whereas TAB alone appears to be minimally ef-

fective under these conditions, TAB with PI appears to be 

effective when exposed for at least 5 minutes, largely due 

to the addition of PI, which is consistent with clinical re-

sults previously reported.35 The lack of efficacy for TAB in 

our study is likely due to the short exposure times utilized 

and the fact that there are no growth media components 

in the treatments to promote metabolic activity. The anti-

biotics in TAB all work through active metabolic uptake 

A B

C D

E F

Figure 3. Enumeration of planktonic 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 (0.1, 0.5%, 2.5%, and 12.5%) for 5 minutes. Data are represented as mean bacterial 
survival ± standard deviation in log (CFU/mL) from 3 experimental replicates and 6 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.



of the bacteria, which is minimal in the absence of media 

and during short time periods. Given that PI has a strong 

chemical mechanism of action (ie, not requiring metabolic 

activity), it is not surprising that both half-strength and full-

strength PI were effective at significantly reducing bac-

terial survival of all tested strains. Results for S. aureus 

utilizing combined TAB and PI showed limited efficacy  at 

1 minute and high efficacy for half-strength PI, which is in-

teresting given that the concentration of PI is the same in 

both treatments (Figure  2C). However, when developing 

the assay, we have observed some variability at the 1-mi-

nute treatment time point, which is further justification for 

soaking implants for longer time periods (eg, 5-10 minutes) 

to ensure complete eradication of planktonic cells.

We also studied the efficacy of dilute PI given the prac-

tice by some surgeons of diluting it. Dilutions of PI were 

tested at concentrations that are more relevant to real-life 

clinical situations such as implant soaking or primary aug-

mentation surgeries where utilization of lower PI concen-

trations may be considered. In these situations, the implant 

surface and/or the breast pocket should have minimal col-

onization of planktonic bacteria, and therefore utilization 

of lower PI concentrations may be appropriate. We aimed 

to assess the minimum threshold concentration required 

for eradication of various gram-positive and gram-nega-

tive bacteria. A wide range of dilutions was tested ranging 

from 0.1% to 12.5% (Figure 3), which also aligns with reports 

of “tea-colored” dilutions of PI. Based on our results, R. 

pickettii and C. acnes were the most susceptible to PI. S. 

aureus, S. epidermidis, and P. aeruginosa were shown to 

be more resistant to eradication by PI, with S. epidermidis 

showing the most resistance to eradication with at least 

2.5% PI required to show maximum log reduction in bacte-

rial survival. Therefore, it appears that for implant soaking 

and irrigation of primary breast pockets, significant dilution 

of PI is possible while still maintaining general antimicrobial 

efficacy at an exposure time of 5 minutes, which is in stark 

contrast to what was observed in our biofilm-associated 

bacteria study,36 where dilution of PI lower than one-eighth 

to quarter-strength significantly reduced its efficacy at 5 

minutes of exposure. Interestingly, our results with 5 min-

utes of exposure time to diluted PI (refer to Figure 3C) are 

similar to those reported by Berkelman and co-workers37 

for efficacy of dilute PI against S. aureus at 4 minutes of 

exposure time, at least for concentrations greater than 1% 

PI (ie, 1:100 dilution of stock PI as reported by Berkelman37). 

In this study, the authors show that PI diluted lower than 

0.1% started to lose its efficacy against planktonic S. aureus 

A B

C D

Figure 4. Enumeration of planktonic bacterial survival for gram-negative Pseudomonas aeruginosa (A) and Ralstonia pickettii 
(B) as well as gram-positive Staphylococcus aureus (C) and Staphylococcus epidermidis (D) under varying concentrations of 
both human serum and PI with treatment for 5 minutes. The range of tested concentrations for PI (0%-10%) 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 6 treatment replicates per experiment. Note: PI refers to 10% povidone-iodine 
or full-strength Betadine.
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when exposure time was 1 minute or less; in addition, their 

data also suggest loss of efficacy at PI concentrations 

greater than 25% after 1 minute of exposure or less. Based 

on these confounding results at higher PI concentrations 

compared with our results at 5 minutes, further research 

may be warranted with respect to  how the dilution of PI, 

the nature of the diluent, and exposure time affects PI ef-

ficacy and bioavailability of free iodine. Regardless, the 

Berkelman37 results as well as the data reported here 

suggest that contact time of PI should be longer, because 

brief exposure of PI for 1 minute or less either negatively 

impacted efficacy and/or exhibited significant variability in 

bacterial survival in response to PI.

For primary augmentation and reconstructive surgeries, 

the implant is placed in a potentially protein-rich tissue 

exudate environment unless hemostasis is completely 

controlled. The presence of serum proteins in the breast 

pocket or implant surface could have a pronounced effect 

on the efficacy of an antimicrobial solution (eg, PI). To ad-

dress this concern, the effects of serum protein presence 

on PI efficacy were evaluated. Results for all 4 species 

tested suggest that in the presence of 1% to 12.5% serum, 

there can be a diminished effect on efficacy if PI is diluted 

lower than 2.5%, especially if serum protein concentrations 

are greater than 6.25% (Figure 4). We concluded that dilute 

concentrations of PI may still be effective at eradicating 

planktonic bacteria in newly created pockets, assuming 

appropriate hemostasis is achieved to limit the presence 

of blood serum proteins. As such, when evaluating the 

appropriate concentration of PI to utilize, one should con-

sider the fact that the presence of blood serum proteins 

may negatively affect its efficacy. Of further relevance is 

the notion that the presence of any microbial survivors on 

the implant surface may lead to implant-associated com-

plications post-surgical placement. Once inside the body, 

and if not eliminated by the host immune system, residual 

bacteria may cause further complications.

It is important to note some limitations associated with 

this study. The study was conducted utilizing only 5 strains 

of bacteria known to be relevant to the clinical setting in 

breast surgery procedures. Additional pertinent bacte-

rial species such as Escherichia coli and Mycobacterium 

fortuitum could also be tested in future studies. In addition, 

only a subset of antimicrobial solutions was tested, with the 

focus on TAB and PI solutions. Additional solutions such as 

stabilized hypochlorous acid could be evaluated in future 

studies. This study also investigated defined endpoints for 

exposure to antimicrobial solutions with the active agent 

neutralized from further activity at these timepoints; there-

fore, the results do not preclude that TAB may be more 

efficacious when left in the breast pocket for longer con-

tact times as has been suggested by other studies.22,38 

Furthermore, the assay setup in this study is a simplified 

2-dimensional in vitro testing platform, which did not uti-

lize surrogate silicone surfaces in lieu of breast implant 

materials; however, a recently published study utilized 

smooth silicone coupons  and demonstrated very similar 

results regarding PI and TAB efficacy against S. aureus and 

S. epidermidis, lending credence to the applicability of our 

results to silicone surfaces.38 Given these limitations, the 

correlation between the results of these in vitro studies and 

clinical outcomes is not known and could be further inves-

tigated through appropriate in vivo preclinical studies and 

clinical work. However, these in vitro findings are supported 

by the outcomes reported for utilizing PI in pocket irriga-

tion in recent clinical studies. Pat McGuire39 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 re-

construction cohort. A  retrospective review by Giordano 

and colleagues35 also indicated that utilizing PI combined 

with antibiotic irrigation reduced the rate of capsular con-

tracture in cosmetic breast augmentation procedures.

CONCLUSIONS

In summary, our results clearly demonstrate that at the short 

exposure times tested, undiluted PI (1% free iodine concen-

tration) had the most consistent bactericidal effect against 

both gram-positive and gram-negative organisms in our in 

vitro study. Dilutions of PI were also shown to be effective 

against all planktonic bacterial organisms tested at an ex-

posure time of 5 minutes. As such, the results suggest that 

PI dilutions may still maintain strong effectiveness in primary 

breast surgery or implant-soaking conditions. The results in 

our study are supported by a recent report by Culbertson 

et  al22 that recommends the utilization of PI-containing 

antimicrobial solutions for breast pocket irrigation. With re-

spect to the limited efficacy noted in our results with TAB 

solutions, even though the concentrations of antibiotics 

utilized in TAB are significantly higher (>100×) than the min-

imal bactericidal concentration, the exposure times utilized 

in this study may not be long enough to observe the ex-

pected bactericidal effect. This may help explain the mixed 

clinical results reported with the utilization of TAB irrigation 

in breast surgeries.40,41 Taken together, these data suggest 

that PI-containing solutions may be preferred over the util-

ization of either saline or TAB solution without PI for breast 

pocket irrigation and implant soaking. It is important to note 

that the in vitro results from this study may not translate dir-

ectly into clinical results and outcomes; however, it provides 

impetus to re-evaluate the efficacy of TAB solution and con-

sider utilization of PI in clinical settings for implant soaking 

and primary breast pocket irrigation.
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