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Background: Infection following implant-based breast reconstruction (IBBR)
results in increased rates of hospital readmission, reoperation, patient and hospital
expenses, and reconstructive failure. IBBR is a complex, multistep procedure, and
there is a relative lack of high-quality plastic surgery evidence regarding “best prac-
tices” in the prevention of implant infections. In the absence of strong data, stan-
dardizing procedures based on available evidence can reduce error and improve
efficacy and outcomes.

Methods: We performed a focused literature review of the available evidence
supporting specific interventions for infection prevention in the preoperative,
intraoperative, and postoperative phases of care that are applicable to IBBR. In
addition, we examined previously published standardized perioperative protocols
for implant reconstruction.

Results: Preoperative, intraoperative, and postoperative planning and organization
is crucial in IBBR. Preoperative planning involves skin decolonization in advance of
surgery with either chlorhexidine gluconate or mupirocin. Intraoperative methods
that have shown potential benefit include double-gloving, breast pocket irrigation,
separate closing instruments, and the utilization of “no-touch” techniques. In the
postoperative period, the duration of drain removal and postoperative antibiotic
administration play an important role in the prevention of surgical site infection.
Conclusions: There is a crucial need to establish an evidence-based set of “best
practices” for IBBR, and there exists a paucity of evidence in the breast literature.
These data can be utilized to develop a standardized protocol as part of a rigorous
quality improvement methodology. (Plast Reconstr Surg Glob Open 2022;10:¢4208;
doi: 10.1097/GOX.0000000000004208; Published online 22 Maych 2022.)

INTRODUCTION

Implant-based breast reconstruction (IBBR) is the
most common breast reconstruction technique.! A
devastating complication of this technique is peripros-
thetic implant infection, with a reported incidence of
1%-30%.** Implant infections are associated with wound
healing, capsular contracture, suboptimal aesthetic out-
come, and reconstructive failure, all potentially result-
ing in poor patient satisfaction.”® In addition, it has been

From the *Emory University School of Medicine, Atlanta, Ga.;
and TEmory Department of Surgery, Division of Plastic Surgery,
Atlanta, Ga.

Received for publication October 15, 2021; accepted January 25,
2022.

Copyright © 2022 The Authors. Published by Wolters Kluwer Health,
Inc. on behalf of The American Society of Plastic Surgeons. This
is an open-access article distributed under the terms of the Creative
Commons Alttribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in
any way or used commercially without permission from the journal.

DOI: 10.1097/GOX.0000000000004208

demonstrated that implant infections increase rates of
hospital readmission, reoperation, and total cost of care.”'’

Certain perioperative infection prevention measures,
such as preoperative antibiotic prophylaxis and patient
warming, are supported by robust evidence and are widely
accepted as standard of care. Outside of these accepted
best practices, surgeons who perform IBBR employ a
variety of infection reduction measures that are often
based largely on individual experience or anecdote. An
American Society of Plastic Surgeons (ASPS) survey of 253
members found “considerable heterogeneity” in how sur-
geons apply infection reduction measures such as implant
placement technique, pocket irrigation, and perioperative
antibiotics.!" Even the recent ASPS-published “Evidence-
Based Clinical Practice Guideline: Breast Reconstruction
with Expanders and Implants” discussed patient risk fac-
tor modification and the impact of adjuvant therapy on
outcomes, but it did not provide guidance regarding
specific perioperative practices that may help to reduce
infection.'” This is in large part due to the relative lack
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of high-quality, plastic surgery-specific evidence regarding
best practices in infection prevention specific to IBBR.

The purpose of this report is to critically review the evi-
dence for the most common implant infection prevention
measures used by plastic surgeons. We do not to wish advo-
cate that any specific technique is the optimal approach;
rather, we seek to provide a synthesized and summarized
reference for surgeons to help facilitate objective and
evidence-based decisions regarding infection prevention
practices.

METHODS

First, a literature review was performed to identify pre-
viously published protocols targeting implant infection,
and the composition of these protocols was used to guide
and narrow down the specific interventions discussed in
this manuscript.”*'* The frequency with which specific
interventions appeared in the three protocols is listed in
Table 1.

Next, a comprehensive literature review using PubMed,
Embase, Cochrane Library, and Web of Science databases
in accordance with the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) guide-
lines was performed for each specific intervention using
the search terms highlighted in Table 2. Applicable litera-
ture from other specialties was included given the relative
lack of plastic surgery-specific literature. Exclusion criteria
included duplicate studies, non-English language studies,
and studies that did not utilize patient data.

Once eligible results were identified, all publications
were reviewed, and data were compiled for inclusion in
the manuscript. These data were then reviewed by two
independent reviewers within our Division of Plastic
Surgery as well as the senior author. The final list of infec-
tion prevention measures discussed in this review were
those used most often, with the highest amount of evi-
dence basis, and the highest potential for efficacy and ease
of implementation.

RESULTS

Preoperative Interventions
Skin Decolonization

Cutaneous bacteria are normal human microflora,
with  Staphylococcal and  Streptococcal species being the
most prevalent. Carriage rates for S. aureus are approxi-
mately 37.2%, and positive carrier status has been shown
to be associated with a 7.1-fold increased relative risk of
developing an infection following any type of surgery.”
Likewise, Staphylococcal organisms and other Gram-positive
skin flora are found to be the causative pathogen in most
breast implant infections.”’

Preoperative skin decolonization protocols could
potentially decrease the incidence of postoperative
implant infection by reducing or eliminating the asymp-
tomatic carriage. Twelve studies evaluated the efficacy
of a chlorhexidine gluconate (CHG) or mupirocin regi-
men. Each of the prospective, nonrandomized studies
demonstrated a significant improvement in infection
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Takeaways

Question: What are the data for current practices
employed by plastic surgeons regarding preoperative,
intraoperative, and postoperative implant-based breast
reconstruction?

Findings: We have compiled the data supporting several
infection prevention interventions that are commonly
employed in IBBR. Furthermore, we perform a compre-
hensive review of the available evidence supporting sev-
eral specific interventions that have been included in
these protocols.

Meaning: While data supporting specific interventions
may not be particularly robust in study design or speci-
ficity to IBBR, it is possible that when bundled as com-
ponents of a standard protocol, the benefit on infection
reduction may be additive.

rates following implementation of the skin decolonization
protocol.'1721%:27 Of the randomized controlled trials
(RCTs), two demonstrated a significant improvement in
surgical site infections (SSIs) with use of the skin decolo-
nization protocol,*** two demonstrated a trend towards
fewer infections which was not statistically significant,'®"
and one demonstrated no difference.”

A multicenter prospective study published in 2015
included over 14,000 screened S. aureus carriers under-
going either orthopedic joint arthroplasty or cardiac
surgery.'” The rate of SSI following implementation of
the protocol was significantly lower in both groups (rel-
ative risk [RR] 0.48 and 0.86, respectively). In an RCT
published in the New England Journal of Medicine, 917
S. aureus carriers were randomized to receive 5 days of
showers with CHG and intranasal mupirocin twice daily,
or placebo.” The rate of S. aureus infection in the treat-
ment group was significantly lower (RR 0.42), and the
effect was most profound to deep SSIs (RR 0.21). Smith
et al * evaluated preoperative skin decolonization versus
placebo in 1350 S. aureus noncarriers undergoing Mohs
surgery and demonstrated a 50% reduction in the rate of
infection (2% versus 4%, P = 0.03). The effect of dura-
tion of decolonization duration was studied by Kline et
al * in an RCT, demonstrating that a 5-day regimen of
showers with CHG and intranasal mupirocin was more
effective than 2 days of showers alone. In most published
studies, a 5-day CHG/mupirocin regimen is considered
the standard for skin decolonization.

The only plastic surgery-specific study was an RCT
published by Veiga et al’’ One hundred and fifty patients
undergoing plastic surgery (including 16 breast recon-
structions and 9 breast augmentations) were randomized
to receive either no treatment, a shower with CHG preop-
eratively, or shower with placebo. There was no significant
difference between any group in this study; however, the
overall infection rate was very low (two infections total).

Summary: Though evidence specific to IBBR is lacking,
there is relevant high-level evidence from other specialties
that a 5-day skin decolonization protocol with CHG and
mupirocin can decrease rate of SSI.
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Table 1. Search Criteria for Literature Review

Search Terms Identified Studies™ Included Studies+ Surgical Fields

Skin Decolonization

1.“Preoperative skin decolonization” 312 14 Orthopedics

OR “mupirocin Cardiac

Dermatologic

2.“Chlorhexidine” General
ENT
Neurologic
Plastic

Double gloving

1.“Double gloving” 40 4 Obstetric

2.“Glove perforation” General

3.“Surgical site infection” OR “Breast Plastic

implant infection” Vascular/trauma

Pocket irrigation

1.“Breast” 239 13 Plastic

2.“Irrigation”

3.“Infection”

Minimal touch techniques

1.“No touch” OR 17 7 Cardiothoracic

“Keller” OR Hepatobiliary

“Minimal touch”

2.“Breast reconstruction” Orthopedics
Plastic

Closing instruments

1.“Closing instruments” 5 3 Colorectal

2.“Surgical site infections”

3.“Sterile” General

ADM

1.“Acellular dermal matrix” 4 3 Plastic

2.“Surgical site infection”

3.“Sterile”

Postoperative antibiotics

1.“Postoperative” 76 3 Plastic

2.“Antibiotics”

3.“Surgical site infection”

Drains

1.“Drain care” 3 3 Plastic

2.“Breast reconstruction”

Implant infection prevention protocols

1.“Implant-based breast reconstruction” 18 3 Plastic

2.“Evidence based”
3.“Protocol”

ADM, acellular dermal matrix. “OR” refers to the Boolean operator used to focus search results.

*Studies were identified in accordance with the PRISMA guidelines using PubMed, Embase, Cochrane Library, and Web of Science databases. Eligible studies
included RCTs, retrospective and prospective cohort studies, case-control, and cross-sectional studies.

TExclusion criteria included duplicate studies, non-English language studies, and those not utilizing patient data.

Intraoperative Interventions
Double Gloving

Gloves in the operating room serves two purposes: as
personal protective equipment for surgeons and as a bar-
rier to contamination of the surgical field. Four studies
compared the rate of innermost glove perforation in dou-
ble versus single glove; each demonstrated a significantly
higher rate of skin barrier failure with single gloving vs.
double gloving.***" The largest of these was an RCT pub-
lished by Laine and Aarnio” in which all surgeons across

Table 2. Incidence of Specific Measures Used in Previously
Published Protocols

Preoperative

3/3 (100%) 1514

1/3 (33%)"
3/3 (100%)7114
3/3 (100%)111

Skin decolonization
Intraoperative
Double gloving
Pocket irrigation
“No-touch” techniques

Closing instruments 1/3 (33%)"
Postoperative
Postoperative antibiotics 2/3 (67%)1°

3/3 (100%)>1514

Drains and drain care

all specialties at a single institution were randomized to
wear either single or double gloves and found that the
innermost glove was found to be perforated in only 6.8%
of cases when the surgeons double gloved compared to
36.8% of cases when only a single glove was worn. In 2009,
Misteli et al ** prospectively evaluated the rate of SSI fol-
lowing 4147 vascular and trauma procedures in cases with
or without surgeon glove perforation. The authors found
that there was a significantly higher rate of SSI in the set-
ting of inner- or single glove perforation; however, mul-
tivariate logistic regression demonstrated that this effect
was only statistically significant when preoperative surgi-
cal microbial prophylaxis was not administered. There
were no studies specific to IBBR or plastic surgery which
evaluated the practice of double gloving as it relates to
infection.

Summary: Glove perforation with skin exposure, par-
ticularly when single gloving, may represent an occult
source of surgical field contamination. There is evidence
that double gloving reduces the rate of innermost glove
perforation; however, there is no evidence definitively
linking inner glove perforation to SSI.
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Pocket Irrigation

In a 2019 ASPS survey, 63% of reconstructive sur-
geons reported using some form of pocket irrigant.
Triple-antibiotic solution (TAS) (50,000 IU Bacitracin, 1g
Ancef, and 80mg Gentamicin®) was most common and
was used by 41% of surgeon responders®’; 12.7% utilized
betadine at varying concentrations, whereas others used
Hibiclens (CHG; 0.9% of respondents), Irrisept (0.05%
CHG in sterile water, 0.6% of respondents), Clorpactin
wes-90 (oxychlorosene sodium, 0.6% of respondents), and
PhaseOne wound irrigation (hypochlorous acid; 0.3% of
respondents).”

The optimal irrigant has been evaluated in several stud-
ies. Merceron et al * performed a retrospective study that
evaluated the effectiveness of CHG irrigation against TAS
in IBBR. In this study, CHG proved to be superior to TAS
in terms of infection reduction and rate of overall com-
plications; however, there was no significant difference in
rate of capsular contracture. Haynes et al compared CHG
alone, TAS alone, and a combination of the two in IBBR.*
The authors found that TAS combined with CHG resulted
in significant protection against surgical complications
over either irrigant alone. These data suggest a role for
the inclusion of CHG irrigation compared to TAS alone.
To our knowledge, there have not been any prospective
or retrospective studies performed to validate the in vitro
efficacy of PhaseOne or other hypochlorous acid derived
irrigation techniques.

Summary: Pocket irrigation with some form of antibi-
otic solution has been shown to reduce the rate of infec-
tion and capsular contracture in some studies involving
breast augmentation. Although this data can be extrapo-
lated to apply to breast reconstruction, the optimal type
and method of irrigation has yet to be determined.

“No-touch” Techniques

Another important source of surgical site contamina-
tion is that from native skin flora that may persist despite
standard preoperative skin preparation. A variety of “no-
touch” techniques have been developed, and range from
self-retaining sterile retractor systems to the Keller Funnel
(Allergan, Madison, N.J.) that has traditionally been used
in augmentation mammaplasty.”” There is data to sup-
port the underlying theory that these techniques mini-
mize possible cutaneous contamination of the sterile
breast implant. Moyer et al > compared the Keller Funnel
versus the typical digital insertion method. In this study,
the authors demonstrated that using the Keller Funnel
resulted in a 27-fold decrease in implant-to-skin contact.
Separately, the authors also swabbed the cadaver breasts
with methicillin-sensitive S. aureus before implant place-
ment and found that implant contamination as measured
by cultures from the implant surface was twice as common
using the digital insertion technique.

We identified one study specific to IBBR with tissue
expanders (TEs) that not only demonstrated the ben-
efit of a “no-touch” technique, but also directly evalu-
ated its effect on reconstructive failure due to infection.
Wilson described a technique using a transparent drape
and a series of hooks to create a self-retaining retractor
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system. This study found a statistically significant six-fold
reduction in infection-related reconstruction failure from
11.5% to 1.9%.%*

Summary: There is evidence that the use of “no-touch”
implant placement techniques can reduce implant-to-skin
contamination during implant placement. There is also
evidence that these techniques may translate to a reduc-
tion in rates of infection, including infection-related
reconstructive failure in IBBR, though this data is rela-
tively limited.

Closing Instruments

It is common during certain procedures to exchange
surgical instruments for a new, sterile set of instruments
before the wound is closed. This practice is particularly
common in colorectal surgery, which has the highest
rate of SSI in the literature (3%-30%). We identified two
studies that investigated closing instruments in colorectal
surgery before wound closure.”* However, neither study
identified any benefit with regards to SSI. In contrast, a
retrospective study in pancreatic surgery literature found
a significant reduction in incisional SSI when using clos-
ing instruments and new drapes when compared to stan-
dard methods. The authors demonstrated a significant
reduction in SSI from 12.4% in the control group versus
to 2.2% in the clean group.” There is a lack of evidence
regarding similar practice in cosmetic breast surgery or
breast reconstruction.

Summary: The available literature is equivocal regard-
ing the clinical benefit of using new, sterile instruments
during skin closure. However, this has not yet been stud-
ied with regards to IBBR.

Postoperative Interventions
Postoperative Antibiotics

Preoperative antibiotics are standard of care in breast
reconstruction. However, the decision to prescribe post-
operative antibiotics is highly variable.”°7%% A 2011 ASPS
survey of providers performing IBBR demonstrated a lack
of uniformity, with postoperative antibiotics prescribed by
72% of respondents.” Of those that prescribed antibiotics,
46% preferred to discontinue at time of drain removal,
whereas 52% tended toward a specific postoperative day.

Five studies may help to inform decisions about anti-
biotic duration in IBBR.**%"7"2 The largest retrospective
report, published by McCullough et al™ found that there
was a slight trend towards more infections in the less than
24 hours group (RR 1.12), though this was not statisti-
cally significant. A noninferiority RCT by Phillips et al™
involving patients undergoing IBBR with TEs compared
oral antibiotic discontinuation at 24 hours postoperatively
versus at the time of drain removal. A similar rate of infec-
tions was found between the two groups; however, patients
in the extended group were more likely to require IV anti-
biotics and had a higher rate of TE loss (14.0% versus
4.8%).” The authors concluded that 24 hours of antibiot-
ics was equivalent to extended oral antibiotic therapy in
regards to reducing SSI.

Wang et al™ corroborated the findings of Phillips et al
via a systematic review of a total of 953 patients. The overall
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risk of infection trended upward with less than 24 hour
duration of antibiotic therapy compared to greater than
24 hours (19% and 14%, respectively, RR 1.3), though this
result did not achieve statistical significance. Therefore,
the authors concluded that prolonged antibiotic therapy
was not effective in reducing SSI or implant loss.

Summary: There is significant heterogeneity regard-
ing the decision to prescribe postoperative antibiotics.
However, there is level II evidence suggesting there is no
added benefit to continuing postoperative antibiotics lon-
ger than 24 hours postoperatively.

Drains and Drain Care

Closed suction drains play an important role in reduc-
ing dead space, thereby reducing the incidence of seroma
in breast surgery.® The practice of keeping drains in place
for a prolonged period has been theorized to contribute
to implant infections. We identified three studies relevant
to drain duration and care.”””” Hanna et al ™ investigated
the association between time to drain removal and the
subsequent incidence of infection in 323 patients under-
going IBBR with TEs. In multivariate analysis, drain use
for longer than 21 days was independently associated with
a 3.3-fold increased risk of infection. However, the authors
recognize that this does not necessary indicate causation:
though patients with drains left in place longer appeared
to have higher infection rates, prolonged high drain out-
put may simply represent an early manifestation of infec-
tion rather than infection resulting from the drain itself.

Some surgeons believe that drains represent a poten-
tial communication between the sterile implant cav-
ity and the outside world, which may allow for bacterial
translocation into the implant cavity. In a retrospective,
consecutive cohort study of 200 IBBRs using TEs, Murray
et al investigated a protocol in which all reconstructions
received mupirocin 2% cream to the drain sites com-
pared to control. The authors found that this protocol
led to a significant reduction in infections.” It should be
noted that there were significant limitations of this study:
not only was there significant sample size discrepancy
between the two groups, but drains were removed nearly
two weeks earlier in the mupirocin group (7.5 versus 20
days postoperatively).

Another proposed method to reduce risk of infection
is the use of a Biopatch (Ethicon, Somerville, N.J.), a CHG-
impregnated disk that is placed at drain exit sites. The idea
to use Biopatch in IBBR stems from data demonstrating its
efficacy in decreasing central line-associated bloodstream
infections.”’ However, a retrospective review performed by
Weichman et al”’ failed to demonstrate a statistical reduc-
tion in overall infections when using Biopatch.

Summary: There is evidence that early drain removal
may decrease risk of implant infections. While common
practice to use local antimicrobials such as mupirocin
or Biopatch to dress the drain insertion site, there is no
strong evidence supporting their routine use.

DISCUSSION
In this review, we have systematically compiled the
best available evidence regarding infection prevention

interventions that are commonly employed in IBBR. We
provide clear and concise summaries of the evidence for
each intervention, which can serve as quick references
for providers when considering intervention implementa-
tion or when seeking to augment an already established
set of practices. Though some studies were limited by
sample size, design, or were published in other specialty
literature, we feel that the data presented represents the
“best available evidence” for each individual measure.
As with any proposed change, the risks of implementing
these interventions must be weighed against the potential
benefit toward reducing the risk of infection. Some inter-
ventions discussed in this review could have unintended
negative consequences; for example, the use of topical
antibiotics could result in an allergic hypersensitivity reac-
tion, or the use and management of closing instruments
operative room staff may prolong operative time.

Some of the evidence regarding any one intervention
in isolation may be equivocal, yet there remains a poten-
tial for standardized protocols to have a significant posi-
tive impact on patient outcomes in IBBR. The concept of
“care bundles,” as advocated by the Institute of Healthcare
Innovation (IHI), may demonstrate the effectiveness of
standardization of processes based on the “best available
evidence.” IHI defines a care bundle as a “structured way
of improving the processes of care and patient outcomes:
a small, straightforward set of evidence-based practices
that, when performed collectively and reliably, have been
proven to improve patient outcomes.” Bundles have been
proven to be effective in terms of reducing rates of central
line-associated blood stream infection® and ventilator-asso-
ciated pneumonia.®*®" Within a particular bundle, each
individual component may have a small and potentially
even controversial benefit, and evidence for this benefit
may come from a variety of sources other than specialty-
specific level-one data. However, the effect of the whole
bundle may be greater than the sum of its individual parts,
resulting in a synergistic impact on patient outcomes.

As a complex, multistep process with high potential
for variability amongst individual providers, IBBR is an
appealing target for standardization. There are several
published “proof-of-concept” protocols which suggests
thatimplementation of standard protocols in IBBR can sig-
nificantly improve postoperative infection rates (Table 3).
In the largest of these studies to our knowledge, Khansa
et al"”® compared 198 patients undergoing IBBR with tis-
sue expanders using a new infection prevention protocol
with a historical cohort of 305 patients. The authors found
that patients exposed to the protocol were 55% less likely
to develop a SSI after controlling for potential confound-
ers (OR 0.45, P = 0.022)." Dassoulas et al® then formu-
lated a protocol again for IBBR with subpectoral tissue
expanders which was also independently associated with
a decrease in infection risk (OR 0.244, P = 0.021). Most
recently, Knight et al'* published a more inclusive proto-
col used in patients undergoing IBBR using both implant
types placed in either the subpectoral or prepectoral
plane. Despite this promising data in support of protocols
in IBBR, more study is needed. There remains a need to
demonstrate that such protocols can be broadly effective
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in IBBR regardless of prosthetic type, plane of placement,
and patient comorbidities.

This review has several important limitations. One must
remember that outcomes are closely related to the “qual-
ity” of the mastectomy skin flaps: when thin and relatively
de-vascularized, tissue healing can be compromised which
plays a critical role in infection development.®** However,
not only is this factor largely out of the control of the plas-
tic surgeon but it is also of out of the intended scope of this
review. Second, the data analyzed are likely subject to pub-
lication bias, whereby results which demonstrate a positive
treatment effect are more likely to be published, resulting
in an over-estimation of the potential benefit of a given
intervention. In addition, the design and objectives of the
available studies supporting implant infection prevention
protocols may be subject to the Hawthorne effect. In this
form of observation research bias, investigators and study
participants may alter their behavior due to awareness of
participation in an experiment, potentially affecting out-
comes of interest. Longer-term follow-up after implementa-
tion of an infection prevention bundle can help determine
if outcome improvement is due to the direct effect of the
interventions, or simply a self-limited observation bias.

CONCLUSIONS

Implant-based breast reconstruction is a ubiquitous prac-
tice in plastic surgery, and implant infections can have signif-
icant adverse effects on patient outcome and costs of care.
In this review, we scrutinized the “best available evidence”
in support of several infection prevention interventions that
may aid in provider decision-making. Although data sup-
porting specific interventions may not be particularly robust
in study design or specificity to IBBR, it is possible that when
bundled as components of a standard protocol, the benefit
on infection reduction may be additive. Further investiga-
tion of this approach within the framework of a rigorous
quality improvement methodology is necessary.

Peter W. Thompson, MD, FACS
Emory Division of Plastic Surgery
1365 Clifton Rd NE

Clinic B, Rm 4016

Atlanta, GA 30322

E-mail: pwthomp@emory.edu
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