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Abstract
Background: In vitro and in vivo studies have described a number of different antibiotic solutions for irrigation of the pocket in
implant-based breast augmentation in an attempt to prevent the formation of capsular contracture (CC). Our objective was to
evaluate the evidence that antibiotic irrigation reduced the rate of CC. Methods: A systematic search of MEDLINE, EMBASE, and
CENTRAL was conducted from inception to January 2016. We included studies which examined the use of intraoperative
antibiotic irrigation in women undergoing primary breast augmentation. Our primary outcome was the rate of CC. Included
studies were assessed for methodological quality using validated tools. Results: Seven studies were included in the final analysis:
1 randomized controlled trial (RCT) and 6 non-randomized studies. The mean follow-up ranged from 14 to 72 months. The rate
of CC was less than 2% in 8 studies, between 3% and 6% in 4 studies, and 13.9% in 1 study. Included studies demonstrated
significant clinical and methodological heterogeneity. The solitary low-quality RCT concluded that antibiotic irrigation was
superior to saline irrigation. Three non-randomized studies demonstrated no significant difference in the rate of CC with the use
of antibiotics. One non-randomized controlled study showed that the use of mixture of antibiotic and povidone-iodine signifi-
cantly lowered the rate of CC. Conclusions: The available evidence on the use of antibiotic irrigation to prevent CC is weak and
it is based on studies with high risk of bias. Methodologically robust studies are necessary to answer the question whether
antibiotic breast pocket irrigation prevents CC.

Résumé
Historique : Des études in vitro et in vivo ont décrit plusieurs solutions antibiotiques pour irriguer la cavité en cas d’augmentation
mammaire par implant afin de prévenir la formation de contractures capsulaires (CC). Les chercheurs voulaient évaluer les
données selon lesquelles l’irrigation antibiotique réduisait le taux de CC. Méthodologie : Les auteurs ont effectué une recherche
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systématique dans MEDLINE, EMBASE et CENTRAL entre le début de l’étude et janvier 2016. Ils ont inclus des études sur
l’examen de l’irrigation antibiotique intraopératoire chez des femmes qui avaient subi une augmentation mammaire primaire. Les
résultats primaires étaient le taux de CC. Les chercheurs ont évalué la qualité méthodologique des études à l’aide d’outils validés.
Résultats : Les auteurs ont inclus sept études dans l’analyse définitive, soit un essai aléatoire et contrôlé (EAC) et six études non
aléatoires. Le suivi moyen a duré de 14 à 72 mois. Le taux de CC était inférieur à 2 % dans huit études, se situait entre 3 % et 6 % dans
quatre études et correspondait à 13,9 % dans une étude. Ces études présentaient une hétérogénéité clinique et méthodologique
marquée. Dans la seule EAC, qui était de mauvaise qualité, l’irrigation antibiotique était considérée comme supérieure à l’irrigation
par un soluté physiologique. Trois études non aléatoires n’ont démontré aucune différence significative du taux de CC avec l’uti-
lisation d’antibiotiques. Une étude non aléatoire et contrôlée a révélé que le mélange d’antibiotique et de polyvidone iodée réduisait
le taux de CC de manière significative. Conclusions : Les données probantes sur l’utilisation de l’irrigation d’antibiotiques pour
prévenir la CC sont faibles et fondées sur des études comportant un fort risque de biais. Des études robustes sur le plan
méthodologique s’imposent pour déterminer si l’irrigation de la cavité mammaire par un antibiotique prévient la CC.
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Background

Biofilm formation and subclinical infection have been implicated

in the formation of capsular contractures (CC)1-3 and recently have

even been investigated as a potential cause of anaplastic large-cell

lymphoma (ALCL).4 The use of antibiotic irrigation solution with

or without antiseptic is a common practice among American Soci-

ety of Plastic Surgery (ASPS) members to reduce CC rates. The

classic triple antibiotic solution and mixed antibiotic solution with

povidone-iodine are used by 53% and 31% of ASPS members,

respectively. Despite that, CC remains the main reason for reo-

peration in the same group of surgeons surveyed (36%).5

In the year 2000, the Food and Drug Administration (FDA)

recommended against contact between povidone-iodine and

breast implant, as concerns were raised about povidone-

iodine causing higher implant deflation rates.6 As a result,

Adams et al6,7 proposed the classic triple antibiotic irrigation

solution as an alternative implant irrigant. The triple antibiotic

irrigation solution is currently the most utilized irrigant by

ASPS members as reported by a recent survey (53.0% for triple

antibiotic irrigant vs 13.2% for povidone-iodine only).5 Unlike

povidone-iodine irrigation, the evidence for the use antibiotic

irrigation for implants has not been critically examined. Our

aim is to evaluate the evidence of the use of intraoperative

antibiotic irrigation in adult women undergoing primary breast

augmentation in reducing the rate of moderate to severe CC.

Material and Methods

Protocol and Eligibility Criteria

The Preferred Reporting Items for Systematic Reviews and

Meta-Analysis guideline was followed in the performance and

consequently reporting this review.8 The population of interest

in this study consisted of adult female patients undergoing

primary breast augmentation surgery with any type of implants

(saline or silicone). The intervention being considered was the

use of intraoperative irrigation of the pocket and/or the implant

with any antibiotic-containing solution. The control was the

use of intraoperative irrigation with non-antibiotic solution,

saline, or nothing. The primary outcome of interest was post-

operative rate of high-grade CC based on Baker’s classification

(III and IV) with an at least 6 months of follow-up.9 Only in

vivo studies that compared antibiotic-containing solution irri-

gation with a control to assess the effect of preventing CC were

included in this systematic review. We excluded case reports,

expert opinions, and in vitro studies from our analysis.

Search Strategy and Study Selection

To identify eligible studies, the following electronic databases

were searched with the help of a medical librarian from incep-

tion to January 27, 2016: MEDLINE, EMBASE, and Cochrane

Central Register of Controlled Trials. The search strategy

included the following key words: “Anti-Bacterial Agents” or

“Therapeutic Irrigation” or “irrigant” or “Anti-Bacterial

Agents” or “antibiotic solution” or “Anti-Infective Agents” and

“capsular contracture” or “Implant Capsular Contracture” or

“Prosthesis-Related Infections” and “Breast Implants”

or “Breast Implants” or “Prostheses and Implants or

“Mammaplasty” or “Breast Implantation” or “Plastic Surgery”

or “Breast.” Additionally, we used manual cross-referencing to

identify further studies for potential inclusion.

The search was limited to papers published in English peer-

reviewed journals. In a first step, 2 independent assessors (O.A.S.

and N.J.) screened titles and abstracts to assess eligibility for inclu-

sion. When inclusion was uncertain, a third assessor (S.A.Y.) acted

as arbitrator. Second, 2 authors then independently reviewed the

studies based on the full text paper and eligibility was decided in a

consensus process. Any disagreement was resolved through dis-

cussion and agreement between the reviewers. Inter-observer relia-

bility of both the screening (selection of studies) and the assessment

of methodological quality was calculated.

Data Extraction and Items

The following data were extracted from each article and used

for comparisons: author, journal, year of publication, level of
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evidence, age, sample size, study design, funding, surgical

technique, implant utilized, antibiotic solution used for irriga-

tion, CC rate, hematoma, seroma, infection, follow-up period,

and study results. Data were extracted by the same 2 indepen-

dent reviewers using an Excel (Microsoft Corp, Redmond,

Washington) data collection spreadsheet designed a priori.

Assessment of Methodological Quality

Two independent assessors (O.A.S. and N.J.) appraised the

methodological quality of included randomized controlled

trials (RCTs) using the Cochrane risk of bias tool.10 This tool

evaluates 6 items: randomization, allocation concealment,

blinding, incomplete outcome data, absence of selective report-

ing, and other issues (eg, power calculations, groups baseline

imbalance). Observational non-randomized studies were

assessed using the methodological index for non-randomized

studies (MINORS) scale, which is a 12-item valid instrument

devised to assess the methodological quality of non-

randomized surgical studies, whether controlled or non-con-

trolled.11 Each item was given either “low risk” for bias (2

points) if adequately reported and executed or “high risk” for

bias (1 point) if it is reported but inadequately performed. In

case of no reporting or when it is not clear, the item was given

“unclear” (0 point).11 A high-quality study was defined as a

study that scored more than 60% of maximum score, which

mean 16 or higher in controlled studies and 10 or higher in non-

controlled studies.11,12 The Oxford Centre for Evidence-Based

Medicine’s Levels of Evidence was utilized to determine and

assign the level of evidence in the included studies.13

Analysis of Heterogeneity

All comparative studies included in the analysis were assessed

for clinical and methodological heterogeneity to determine the

suitability of quantitative analysis. We predetermined broad

Population, Intervention, Control and Outcome (PICO) criteria

for inclusion, which inevitably include heterogonous data. Het-

erogeneity across the studies was also taken into account in

formulating the final conclusion.

Statistical Analysis

Kappa statistic was performed as a measure of inter-reviewer

agreement for screening and assessment of quality of studies.

In case comparative studies did not calculate measure of asso-

ciation, the odds ratio was calculated as well as 95% confi-

dence interval for that estimate. Meta-analysis was

considered only when there is no significant heterogeneity.

Results

Study Selection and Characteristics

A total of 308 potentially eligible articles were identified in the

initial literature search (Figure 1). After screening the title and

abstract, 293 articles were excluded. Eight studies were

excluded after full-text review.2,14-21 A total of 7 studies were

ultimately included in our analysis.7,22-27 These include 1 pro-

spective RCT, 1 prospective cohort study, and 3 retrospective

controlled cohort study. Two retrospective non-controlled

studies were included. The inter-reviewer agreement was

0.78 for study selections, which corresponds to a substantial

agreement. A total of 8892 patients underwent primary breast

augmentation across the 7 studies, which were included in this

review, with mean follow-up ranging from 14 to 72 months.

The age range of those patients was 18 to 86 years. The most

common single antibiotic used was bacitracin, which was

used in 6 studies, commonly combined with other antibiotics.

Gentamicin was used in 5 studies. The well-known triple

antibiotic solution was used in 2 studies.7,27 One study

received funding from an industry-based institution.26

Table 1 summarizes the characteristics of the included studies

in this systematic review.

Type of Antibiotic Solutions and Irrigation Route

Table 2 summarizes the type, doses, and route of antibiotics

used across the studies. Overall, all studies only irrigated pock-

ets with antibiotics. Three studies bathed the implant and irri-

gated breast pockets.7,25,27 Only 1 study bathed the implant,

irrigated breast pockets, and cleansed skin-surrounding inci-

sion with antibiotics.7

Overall Results and Recommendation in Included
Individual Studies

Capsular contracture. Overall, the rate of grade III/IV CC in all

studies that used intraoperative antibiotic irrigation ranged

from 0.4% to 13.9% (Figure 2). Of these, the rate of CC was

less than 2% in 8 studies, between 3% and 6% in 4 stud-

ies,22,26,27 and 13.9% in 1 study.24 The rate of grade III/IV

CC in the 5 comparative studies that used saline irrigation

ranged from 3.5% to 40%. In an RCT, Burkhardt et al24 found

that the use of local antibiotic decreased the incidence of CC

by 50% with more than 6-month follow-up. Giordano et al25

found in their retrospective comparative study that the use of

the combination of povidone-iodine and antibiotic irrigation

in breast augmentation resulted in significant lower rate of CC

by a total of 10 cases with approximately 2 years mean

follow-up. In another retrospective controlled study, Blount

et al23 found that CC was significantly lower with antibiotic

irrigation use. However, when a multivariate logistic regres-

sion model was used to control for other variables that are

potentially associated with CC, no statistical significance and

wide confidence interval were found (P¼ .066; 95% CI: 0.88-

55.30). In support of the previous study’s finding, Pfeiffer

et al22 suggested that the use of topical antibiotics was not

associated with lower rate of the development of CC. Simi-

larly, results from Drinane et al’s27 prospective comparative

study revealed no difference between the triple antibiotic

breast irrigation and saline irrigation in lowering the
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incidence or severity of CC. Included comparative studies are

summarized in Table 3.

Analysis of Heterogeneity

From clinical perspective, the type of used implants, their gen-

eration, their technique and position, incision type, and type of

antibiotic solution used for irrigation were significantly vari-

able both between and within studies. Therefore, pooling data

from a non-homogenous population may erroneously produce

an association between antibiotic irrigation and developing CC

when, in fact, no real association between them exists. From

methodological perspective, different study designs have been

identified from our search, with significantly variable length of

follow-up. All of these observed variation might produce the

“mixing apples and oranges” problem of comparing vastly dif-

ferent population.

Risk of Bias in Included Studies and Level of Evidence

The overall methodological quality of non-randomized studies

was low (Table 4). The MINORS scores of the included non-

randomized observational studies showed poor methodological

and reporting quality. These studies scored less than 60% of the

maximum MINORS score, except 1 controlled study which

scored 20 of 24 in MINOR score.25 The Cochrane risk of bias

figure of the included RCT is shown in Figure 3.24 The authors

of this trial did not explicitly describe the method of randomi-

zation and allocation to allow readers to determine the appro-

priateness and validity of the process. Moreover, the fate of all

patients was not well described in the article. There was high

risk of selective reporting and lack of reporting of the effect

size and adjustment of the other potential confounding factors

to draw an association between local use of antibiotic irrigation

and developing severe CC. Six studies were observational in

Figure 1. Search strategy flow diagram.
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design; 3 had a comparison group,22,25,27 and 2 were uncon-

trolled case series.7,23 Two comparative retrospective studies

used historical control as they compared CC rates after a

change in the surgeon’s practice, after antibiotic irrigation was

incorporated into their practice (selection bias). In addition, this

longitudinal temporal comparison does not take into account

several other factors that may account for the reduced CC rate

as the field of breast augmentation evolved over time (eg,

Table 2. Type of Antibiotics Solution and Method of Irrigation Used Across the Studies.

Study Irrigation Method Intraoperative Irrigation
Systemic Preoperative
Antibiotic

Systemic Post-Operative
Antibiotic

Adams et al7 Implants bathed, pockets
irrigated, and skin
surrounding incision
cleansed with
antibiotics

Bacitracin (50 000 U), gentamicin
(80 mg], cefazolin (1 g], (IV; UD]

Preoperative IV antibiotics
cefazolin or vancomycin/
gentamicin for allergic
patients (UD]

Antibiotics for 5 days (not
specified)

Blount et al23 Pocket irrigated Cefazolin (1 g), bacitracin (50 000 U),
gentamicin (80 mg) in normal saline in
11.7% of patients. Bacitracin (50 000
U) in 18.5% of patients. Betadine was
used in 0.6% of patients

Cefazolin (1 g) IV

Burkhardt et al24 Pocket irrigated Bacitracin (50 000 U), oxacillin (250 mg),
cephalothin (1 g per 100 cc)

- -

Giordano et al25 Group A: IV cephalothin,
group B: IV
cefuroxime; implant
bathed and pocket
irrigated.

10 mL 10% povidone-iodine solution
with 750 mg of cefuroxime and 80 mg
of gentamicin diluted in 15 mL of 0.9%
sodium chloride solution

Administered
perioperatively:
cephalothin 1.5 g IV
(group A) or cefuroxime
750 mg (group B)

Group A: Cefalexin
750 mg BID for
1 week, group B:
levofloxacin 500 mg
OD for 5 days.

Pfeiffer et al22 Pocket irrigated Cefuroxime (1.5 g) and epinephrine
(1 mg)

- -

Drinane et al27 Implant bathed and
pocket irrigated

Bacitracin 50 000 U, cefazolin 1 g,
gentamicin 80 mg, and 500 mL of
normal saline

- -

Gutowski et al26 Pocket irrigated Not specified - -

Abbreviations. IV, Intravenous; BID, twice a day; OD, once daily; UD, as directed.

Figure 2. Rate of capsular contracture (%) in included individual studies.
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incision site, plane selection, different generations of implants,

use of talc-free gloves, improved aseptic/no-touch techniques,

Keller funnels, meticulous hemostasis, etc).1-3,28 Only Blount

et al23 study attempted a multivariate analysis to control for

smoking, type of implant, and site of incision.

Discussion

The breast implant/pocket irrigation with various antibiotic solu-

tions in breast augmentation is a common clinical practice in

North America. The popularity of this practice stemmed from

Adams et al’s29 in vitro study, where they reinforced the validity

of the association of subclinical colonization/infection and the

development of CC. They recommended the use of both anti-

biotic irrigation (1 g cefazolin and 80 mg gentamicin) solution

and povidone-iodine (50 mL) in 500 mL of sterile saline. The

rationale to use these agents was to target certain pathogens that

are commonly cultured around breast implants, which include

Staphylococcus epidermidis, Staphylococcus aureus, Pseudomo-

nas aeruginosa, Escherichia coli, and Propionibacterium acnes.

Following the restriction of the use of povidone-iodine in breast

implant augmentation in the year 2000, Adams et al6,7 proposed

an alternative solution, which is the classic triple antibiotic

irrigation solution, in which bacitracin was added to cefazolin

and gentamicin to effectively cover pseudomonas.

After more than a decade and a paradigm shift toward more

evidence-based practice, there have been no systematic reviews

that critically evaluate the evidence of the practice of using anti-

biotic irrigation solution in primary breast augmentation. Thus, to

our knowledge, this is the first analytical systematic review of the

current literature focusing on the use of antibiotic irrigation.

Quality of the Evidence

A major limitation of the current evidence is that there is a paucity

of high-level evidence in this area. The articles we reviewed

include 1 level II study, 5 level III studies, and 7 level IV studies.

There were several methodological flaws not only in retrospective

studies but also in higher level of evidence comparative studies

(Tables 3 and 4). Overall, the MINORS and the Cochrane risk of

bias tool of the studies reviewed are indicative of poor methodo-

logical and reporting quality. In addition, the heterogeneity of the

population and the intervention between and within studies were

significant. Hence, an erroneous association between antibiotic

irrigation and the development of CC is likely to be observed.

Capsular Contracture

The highest level of evidence (II) study24 revealed no statisti-

cally significant difference between antibiotic irrigation and

povidone-iodine irrigation, but antibiotic irrigation decreased

the incidence of CC when compared to saline-only solution.

However, in addition to the poor methodologic quality and

inadequate follow-up, this study was conducted in the year

1986, which is prior to many major advancements in the field

of implant-based breast surgery.

Interestingly, we found that the only comparative study that

attempted multivariate analysis23 did not actually demonstrate

a difference between saline and antibiotic irrigation in the rates

of CC formation. This indicates that the initial observed

Table 4. The Methodological Quality of the Included Non-Randomized Studies.

MINORS Criteria
Gutowski
et al26

Adams
et al7

Pfeiffer
et al22

Giordano
et al25

Drinane
et al27

Blount
et al23

1. A clearly stated aim Unclear Low risk Low risk Low risk Low risk High risk
2. Inclusion of consecutive patients Low risk Unclear Unclear Low risk Low risk Low risk
3. Prospective collection of data High risk Low risk High risk High risk Low risk High risk
4. End points appropriate to the aim of the study Unclear Low risk Low risk Low risk Low risk Unclear
5. Unbiased assessment of the study end point Unclear Unclear High risk Unclear High risk Unclear
6. Follow-up period appropriate to the aim of the study Low risk Low risk Low risk Low risk Low risk Low risk
7. Loss to follow-up less than 5% Unclear Unclear Unclear Unclear Low risk Unclear
8. Prospective calculation of the study size High risk High risk High risk High risk High risk High risk
9. An adequate control groupa NA NA High risk Low risk Low risk Unclear
10. Contemporary groupsa (historical comparison) NA NA High risk High risk Low risk Low risk
11. Baseline equivalence of groupsa NA NA High risk Unclear Unclear Unclear
12. Adequate statistical analysesa NA NA High risk High risk High risk Low risk
MINOR score 6/16 (38%) 9/16 (56%) 13/24 (42%) 14/24 (58%) 20/24 (83%) 11/24 (46%)

Abbreviations. MINOR, Methodological index for non-randomized studies; NA, not applicable.

Figure 3. The methodological quality of the single included rando-
mized controlled study.
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association was confounded by other factors. We believe that

this observed discrepancy warrants further investigation.

Moreover, given the fact that CC is oftentimes a delayed

event, it is noteworthy to mention that there is a wide range of

heterogeneity within and between studies in terms of length of

follow-up, which may inevitably affect CC development rates

(Table 1). This information is important as the longer the sur-

geon follows their patients, the higher the likelihood of detect-

ing CC.

Another important observation is that Giordano et al25 who

found a significant reduction in the rate of CC was the only

author who combined topical antibiotic solution with

povidone-iodine. We think that the use of this mixture, which

has been recommended by Adams et al29 in 2000 prior to that

FDA statement, also deserves further investigation. Hidalgo

and Spector30 suggested that the utilization of gentamicin and

cefalexin is unnecessary. The former may be redundant since

it’s commonly given preoperatively in a systemic fashion,

while the latter is perceived as excessive as gram-negative

bacteria are rare and not implicated as a common pathogen for

CC. They recommended irrigating the breast with a combina-

tion of dilute Betadine and antibiotics as an alternative to irri-

gation with triple antibiotic solution. Nevertheless, this

recommendation was not based on robust evidence.

The efficacy of povidone-iodine irrigation in reducing

CC in aesthetic breast augmentation was recently examined

in a systematic review and meta-analysis by Yalanis et al.12

They concluded that povidone-iodine breast pocket irriga-

tion is effective in reducing CC in implant-based breast aug-

mentation. Although their conclusion was based on studies

that have weak methodological quality, their systematic

review included slightly higher level of evidence studies

than our study. This might indicate that there is relatively

better evidence in using povidone-iodine as breast implant

irrigation solution as opposed to antibiotic solution. How-

ever, further high-quality research is required to compare the

2 solutions.

Future Consideration

Future research is suggested to better determine the actual role

of topical antibiotic irrigation in breast implant augmentation.

Although RCT could be challenging, a longitudinal observa-

tional comparative study with adequate follow-up that incor-

porates all potential risk factors for CC may provide superior

evidence than what presently exists. In a recent study, Hu et al

detected a number of bacteria when they analyzed specimens of

microbiome of the breast implant–associated ALCL.31 Unlike

non-neoplastic capsules, the ALCL specimens showed high

proportion of Ralstonia spp., which is a gram-negative bacilli

found in soil and water.31 This finding generates controversy

whether the use of topical antibiotic has a role in preventing

ALCL by eliminating the risk of subclinical infection or acts as

a precursor to developing ALCL by inducing the development

of highly resistant bacteria. We believe that this question war-

rants further investigations.

Limitation

Although every attempt was made to produce an ideal study,

our study has some limitations. There was a high degree of

heterogeneity between the analyzed studies; however, as in

most systematic reviews, studies brought together will inevita-

bly vary. Another limitation of our systematic review is that we

excluded articles that were not in English. Also, there may be

ongoing studies, or unpublished data with negative results that

we are not aware of, that may impact our review’s findings.

Conclusion

There is inconsistent evidence regarding the effect of antibiotic

irrigation on reducing the rate of CC. The available evidence

that supports the use of antibiotic is weak and based on signif-

icantly heterogeneous data; thus, the truth is presently

unknown. Our analysis also suggests that povidone-iodine

breast pocket irrigation might have a role in preventing CC and

needs to be investigated further. Although most plastic sur-

geons would be reluctant to change their preferred type of

irrigant in implant-based breast surgery, we believe that more

methodologically sound studies with an adequate follow-up are

warranted, especially in the era of improved aseptic technique

and antibiotic resistance.
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