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Abstract 
Background: Prevention of infection and capsular contracture remains a 
primary goal of implant-based breast reconstruction (IBBR). Previous studies 
have demonstrated improved outcomes with the use of triple-antibiotic solu-
tion (TAS) for breast pocket irrigation, but ready-to-use products have re-
cently gained popularity. The purpose of this study is to compare outcomes 
following IBBR between TAS and low-concentration chlorhexidine gluconate 
(CHG) solutions. Methods: This is a retrospective analysis of 690 consecutive 
patients undergoing IBBR from 2008-2017. The TAS (n = 346) irrigation so-
lution was composed of 1 g cefazolin, 80 mg gentamicin and 50,000 U baci-
tracin diluted in 500 mL of normal saline; the CHG (n = 344) irrigation solu-
tion was the commercially-available product Irrisept® (0.05% chlorhexidine 
gluconate in sterile water, Irrimax Corporation, Lawrenceville, GA). Com-
parisons were made between demographic and clinical variables. Complica-
tions were recorded and statistical analysis, including multivariate regression 
analysis, was performed. Results: The TAS group underwent significantly 
more skin-sparing mastectomies, adjuvant chemotherapy/radiation and less 
direct-to-implant reconstruction than the CHG group. The CHG group expe-
rienced a significantly lower incidence of total complications (22.4% vs. 
31.8%, p = 0.006), minor complications (8.7% vs. 16.5%, p = 0.003), infection 
(6.4% vs. 12.7%, p = 0.006) and seroma (2.6% vs. 6.9%, p = 0.011). There was 
a significantly increased rate of delayed wound healing in the CHG group. 
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Multivariate analysis showed that the use of CHG solution significantly de-
creased the odds of any complication by 1.6-fold (OR 0.637, 95% CI 0.414 - 
0.977) and the odds of infection by 2.4-fold (OR 0.420, 95% CI 0.218 - 0.809). 
There were no statistically significant differences in rates of capsular con-
tracture or other complications. Conclusions: The use of CHG as a pocket ir-
rigant in post-mastectomy breast reconstruction is a reasonable alternative to 
other solutions, in efforts to minimize prosthetic based complications. 
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1. Introduction 

Significant advances in breast cancer screening and management over the past 
thirty years have led to marked improvements in survivability after diagnosis 
and quality of life following oncologic treatment. According to the National 
Cancer Institute Surveillance, Epidemiology and End Results (SEER) database, 
5-year overall survival for female patients with breast cancer from 2008-2014 
was 89.7% [1]. Of the 62% of patients with localized disease and 31% of patients 
with regional disease, there was a 98.7% and 85.3% 5-year survival rate, respec-
tively. These favorable statistics have paralleled global trends toward breast 
conserving therapy for patients with localized disease and contralateral mas-
tectomy in patients requiring oncologic mastectomy in order to achieve an op-
timal reconstructive outcome. As a result, there has been a marked increase in 
the number of patients seeking breast reconstruction, demonstrated by a 62% 
increase in the rate of reconstructive procedures after mastectomy from 2009-2014 
in one study [2]. 

The vast majority of breast reconstructive procedures following mastectomy 
are prosthetic-based. Of the 106,295 reconstructive breast procedures performed 
in the United States in 2017, 81.8% utilized tissue expanders (TE) or single-stage 
direct-to-implant (DTI) reconstruction [3]. According to a recent report of 
67,450 patients undergoing mastectomy for breast cancer from 2005-2014, the 
percentage of patients undergoing reconstruction has increased from 26.94% in 
2005 to 43.30% in 2014, with a significant increase in the use of TE-based im-
plantation from 15.54% to 33.30% [4]. The use of prosthetic materials for breast 
reconstruction, however, presents the potential for complications associated 
with synthetic and foreign materials implanted in vivo [5]-[10]. One of the most 
important modifiable factors to decrease the rate of complications is a reduction 
of the bacterial load within the breast pocket prior to implant placement, which 
has prompted the development of various additions to standard antiseptic tech-
nique [5] [11]-[16]. One important technique reported in the literature is the use 
of surgical site irrigation within the breast pocket [14] [16] [17] [18]. While there 
are multiple previous reports demonstrating decreased complications when using 
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triple-antibiotic or povidone-iodine solutions, there has been a push for ready- 
to-use off-the-shelf products. The purpose of this study is to investigate the dif-
ference in outcomes following implant-based breast reconstruction (IBBR) using 
triple-antibiotic (TAS) versus low-concentration chlorhexidine gluconate (CHG) 
solutions. 

2. Methods 

After obtaining Institutional Review Board approval, we performed an analysis 
of a prospectively maintained database of patients undergoing immediate im-
plant-based breast reconstruction (IBBR) with either tissue-expanders or direct 
to implants between January 2008 and September 2017 at Emory University 
Hospital. All surgeries were performed by one of the two senior authors (GC and 
AL). Inclusion criteria included patients undergoing immediate implant-based 
reconstruction, no previous breast reconstruction or augmentation, use of either 
triple-antibiotic solution (50,000 IU bacitracin, 1 g cefazolin, 80 mg gentamicin 
in 500 mL of normal saline) or Irrisept® (0.05% chlorhexidine gluconate in sterile 
water, Irrimax Corp, Lawrenceville, GA, USA), and complete medical records. 
Patients undergoing autologous or delayed implant-based breast reconstruction, 
no record of implant pocket irrigation, follow-up less than 30 days, or incom-
plete medical records were excluded from analysis. Analysis was performed on a 
per-breast basis. 

Demographic and clinical characteristics were recorded, including age, BMI, 
history of smoking, diabetes and hypertension. Surgical intervention, including 
mastectomy type (skin-sparing mastectomy, nipple-sparing mastectomy or 
modified radical mastectomy), laterality (unilateral vs. bilateral), management of 
the axillary lymph node basin (sentinel lymph node biopsy vs. axillary lymph 
node dissection), and breast reconstruction (tissue expander, latissimus myocut- 
aneous flap + tissue expander, or direct implant) were recorded. The use of 
neoadjuvant and/or adjuvant chemotherapy and radiation was also analyzed. 

The primary outcome of interest was the incidence of postoperative complica-
tions. Complications were further categorized as delayed wound healing (super-
ficial incisional dehiscence requiring serial dressing changes, office debridement 
and/or operative revision), infection (requiring oral or intravenous antibiotics or 
return to the operating room for incision and drainage), mastectomy skin flap 
necrosis (requiring serial dressing changes and/or debridement), implant/expander 
exposure, implant/expander failure, capsular contracture (Baker Grade III or 
IV), hematoma (requiring drainage in the operating room), seroma (requiring 
clinic or operating room aspiration/drainage), and fat necrosis. Major complica-
tions were those requiring hospital re-admission or return to the operating 
room. All other complications were recorded as minor. 

Comparisons were made between demographic and clinical variables. The 
Mann-Whitney U-Test, Pearson chi-square, Fisher’s exact, student’s t-test were 
used as appropriate to compare outcomes between breast irrigation solution 
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groups. Variables determined to be significantly different on univariate analysis 
that were included in the multivariate logistic regression model if >50 cases were 
present. All statistical analysis was conducted using the IBM® SPSS® Statistics 
24.0 (IBM Corp., Armonk, N.Y.). All statistical tests used a 0.05 alpha level. 

3. Results 

During the 10-year study period, 1900 women underwent breast reconstruction 
following mastectomy. Of these, 690 subjects had sufficient data to be included 
for analysis. Data were calculated for the entire study group (Table 1) and then 
compared between the triple antibiotic solution (TAS) cohort and low-concen- 
tration chlorhexidine gluconate (CHG) cohort. The average follow up time was 
854 days (range: 30 - 3550), with a mean of 36.1 months in the TAS group and 
mean of 18.8 months in the CHG group (p < 0.0001). 

The average age of women undergoing breast reconstruction was 50.8 years 
(range: 26.9 - 82.1). The average BMI was 25.4 kg/m2 (range: 14.0 - 44.7). Com-
orbidities included hypertension (n = 193, 27.8%), diabetes (n = 44, 6.3%), and 
smoking history (n = 27, 3.9%). The CHG group was older (52.1 years vs. 49.7 
years, p = 0.007) and had a higher number of patients with hypertension (n = 
115 (33.4%) vs. n = 78 (22.5%), p = 0.002) when compared to the TAS group. 

For the entire patient population, skin-sparing mastectomy (SSM) was per-
formed most often (n = 482, 70.1%), followed by nipple-sparing mastectomy 
(NSM) (n = 199, 28.9%) and modified radical mastectomy (MRM) (n = 7, 1.0%). 
However, SSM was more prevalent in the TAS group (n = 288 (83.7%) vs. n = 
194 (56.4%)), and NSM and MRM were more prevalent in the CHG group (n = 
145 (42.2%) vs. n = 54 (15.7%) and n = 5 (1.5%) vs. 2 (0.6%), respectively) (p < 
0.0001). Bilateral mastectomy was performed in 74.1% of cases and axillary 
lymph node dissection occurred in 25.7%. There was no statistically significant 
difference in laterality or axillary lymph node management between the groups 
(p = 0.258 and p = 0.067, respectively). 

281 subjects (40.5%) received chemotherapy and 168 (24.2%) underwent rad-
iation therapy. 164 subjects (47.4%) in the TAS group underwent chemotherapy, 
while 115 patients (33.4%) in the CHG group did (p < 0.0001). Similarly, 99 
subjects (28.6%) in the TAS group underwent radiation therapy, while 69 
(20.1%) in the CHG group did (p = 0.010). 

All subjects had a prosthetic-based reconstruction with either tissue expander 
(TE) or direct-to-implant (DTI). Overall, TEs were used in 537 cases (77.8%), 
DTI in 122 cases (17.7%) and latissimus flap + TE in 31 cases (4.5%). Patients in 
the TAS group had a higher percentage of women undergoing TE-based recon-
struction compared to the CHG group (n = 317 (91.6%) vs. n = 220 (64.0%), p < 
0.0001); while DTI-based reconstruction occurred at a higher rate in the CHG 
group (n = 93 (27.0%) vs. n = 29 (8.4%), p < 0.0001). All patients who under-
went latissimus flap + TE were in the CHG group. Use of acellular dermal ma-
trix was similar between both groups: 194 (56.6%) in the TAS group and 174 
(50.6%) in the CHG group. 
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Table 1. Differences in clinical characteristics, oncologic treatment and complications in 
triple antibiotic vs. irrisept groups. 

Clinical characteristic 
Triple Antibiotic  

(n = 346) 
Irrisept (n = 344) p 

Age, mean years 49.7 52.1 0.007 

BMI, mean kg/m2 25.3 25.6 0.402 

Smoking history, n (%) 11 (3.2) 16 (4.7) 0.334 

Diabetes mellitus, n (%) 23 (6.6) 21 (6.1) 0.876 

Hypertension, n (%) 78 (22.5) 115 (33.4) 0.002 

Mastectomy type, n (%)   <0.0001 

Modified radical 2 (0.6) 5 (1.5)  

Skin-sparing 288 (83.7) 194 (56.4)  

Nipple-sparing 54 (15.7) 145 (42.2)  

Laterality, n (%)   0.258 

Unilateral 96 (27.9) 82 (23.8)  

Bilateral 248 (72.1) 262 (76.2)  

Lymph node dissection, n (%)    

Sentinel lymph node biopsy 269 (78.2) 269 (78.2) 1.000 

Axillary lymph node dissection 100 (29.1) 78 (22.7) 0.067 

Chemotherapy, n (%)    

Any 164 (47.4) 115 (33.4) <0.0001 

Neoadjuvant 82 (23.7) 79 (23.0) 0.857 

Adjuvant 98 (28.3) 55 (16.0) <0.0001 

Radiotherapy, n (%)    

Any 99 (28.6) 69 (20.1) 0.010 

Neoadjuvant 4 (1.2) 15 (4.4) 0.013 

Adjuvant 98 (28.3) 56 (16.3) <0.0001 

Primary Reconstruction, n (%)   <0.0001 

Tissue expander 317 (91.6) 220 (64.0)  

Direct-to-implant 29 (8.4) 93 (27.0)  

Latissimus flap/expander 0 (0.0) 31 (9.0)  

Use of acellular dermal matrix 194 (56.6) 174 (50.6) 1.000 

Complications, n (%)    

Any complication 110 (31.8) 77 (22.4) 0.006 

Ipsilateral (to cancer side) 81 (23.4) 59 (17.2) 0.047 

Contralateral (to cancer side) 32 (9.2) 19 (5.5) 0.080 

Major complication 69 (19.9) 55 (16.0) 0.198 

Minor complication 57 (16.5) 30 (8.7) 0.003 

Delayed wound healing 1 (0.3) 10 (2.9) 0.006 
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Continued 

Infection 44 (12.7) 22 (6.4) 0.006 

Mastectomy skin flap necrosis 14 (4.0) 13 (3.8) 1.000 

Implant exposure 3 (0.9) 9 (2.6) 0.089 

Implant failure 28 (8.1) 16 (4.7) 0.086 

Capsular contracture 28 (8.1) 16 (4.7) 0.086 

Hematoma 11 (3.2) 15 (4.4) 0.432 

Seroma 24 (6.9) 9 (2.6) 0.011 

Fat necrosis 0 (0.0) 1 (0.3) 0.499 

Follow-up Time, months 36.1 18.8 <0.0001 

 

There were a total of 188 complications, 124 of which were considered major. 
Patients in the TAS group were more likely to experience a complication than 
patients in the CHG group (n = 110 (31.8%) vs. n = 77 (22.4%), p = 0.006). 
Higher rates of complication following reconstruction were observed in the TAS 
group on the ipsilateral side to cancer resection (n = 81 (23.4%) vs. n = 59 
(17.2%), p = 0.047) and in minor complications (n = 57 (16.5%) vs. 30 (8.7%), p 
= 0.003). Compared with the CHG group, the TAS group experienced a higher 
rate of infections (n = 44 (12.7%) vs. n = 22 (6.4%), p = 0.006) and seromas (n = 
24 (6.9%) vs. n = 9 (2.6%), p = 0.011). Conversely, there was a higher rate of de-
layed wound healing in the CHG group (n = 10 (2.9%) vs. n = 1 (0.3%), p = 
0.003). On multivariate analysis, the odds of having any complication were 
1.6-fold lower in the CHG group (OR 0.637, 95% CI 0.414 - 0.977) and the odds 
of infection were 2.4-fold lower (OR 0.420, 95% CI 0.218 - 0.809). There were no 
statistically significant differences in major complications, complications on the 
contralateral reconstruction side, mastectomy skin flap necrosis, implant expo-
sure, implant failure, capsular contracture, hematoma formation or fat necrosis. 

4. Discussion 

In 2017, more than 80,000 tissue expander or direct-to-implant reconstructive 
breast procedures were performed [3], representing the vast majority of breast 
reconstruction following mastectomy. Given the predominance of this technique 
and the use of synthetic materials, the prevention of complications has been a 
primary goal of surgeons performing prosthetic-based breast reconstruction. 
More specifically, reducing infection and capsular contracture has been of par-
ticular interest, as these pose the potential for devastating sequelae such as im-
plant loss and the need for increasingly complex secondary reconstructions. 
While capsular contracture is a poorly understood phenomenon, there is a gen-
eral consensus that subclinical infection and the development of peri-prosthetic 
biofilm contribute significantly [19] [20]. Thus, a significant body of literature 
has been produced in the pursuit of improved techniques that significantly di-
minish the potential for bacterial seeding of breast implants and tissue expanders 
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in order to decrease rates of major complications [13] [17] [21]. 
Efforts to reduce the potential for bacterial seeding of breast implants include 

skin antiseptic preparation, soaking of the implant in an antibacterial solution, 
irrigating the breast pocket with an antibacterial solution, using a “no-touch” 
technique to introduce the breast implant into the breast pocket, and utilizing 
perioperative antibiotics. One national survey by Gowda et al. demonstrated that 
a majority of surgeons were using chlorhexidine to prepare the skin, soaking the 
implant in triple antibiotic solution and irrigating the breast pocket with povi-
done-iodine solution prior to implantation, then using a no-touch technique for 
implantation, and subsequently using first-generation cephalosporins until drains 
were removed [16]. Of these measures, it appears that breast pocket manage-
ment (i.e. decreasing the local microbiome) has more of a protective effect than 
systemic antimicrobial prophylaxis. There has been increasing evidence that oral 
and parenteral perioperative antibiotics beyond 24 hours have limited efficacy in 
preventing implant-associated infections [21] [22]. Furthermore, there is litera-
ture to support that the administration of prolonged antibiotics has the potential 
to give rise to drug-resistant organisms that are more difficult to eradicate if an 
attempt at implant salvage becomes necessary [23] [24]. Thus, the American So-
ciety of Plastic Surgery has clear guidelines stating that patients undergoing 
breast reconstruction with tissue expanders or implants should be administered 
a pre-operative antibiotic, but all antibiotics should be discontinued within 24 
hours of the operation unless a surgical drain is present [12]. 

Local bacterial eradication and the creation of a microbe-free implant pocket 
are essential to preventing complications in prosthetic-based breast reconstruc-
tion. Breast pocket irrigation using antimicrobial solutions remains one of the 
important ways by which this can be achieved. The most common irrigation so-
lutions include Adams’ triple antibiotic solution (TAS; 50,000 IU bacitracin, 1 g 
cefazolin, 80 mg gentamicin in 500 mL of normal saline) and povidone-iodine 
(P-I). While TAS has been widely used by plastic surgeons, there is little and 
conflicting evidence demonstrating its efficacy in preventing complications. For 
example, Adams and colleagues showed that TAS decreases bacterial popula-
tions responsible for peri-prosthetic infections and leads to reduced rates of 
capsular contracture for breast reconstruction [25] [26]; however, subsequent 
contrasting studies question the effect of TAS to reduce the rate of capsular con-
tracture [27] [28]. In comparison to TAS, P-I reduces infection risk as an anti-
septic solution. Review of current literature demonstrates the effectiveness of P-I 
to reduce subclinical infections and capsular contracture [29] [30] [31] [32]. Ad-
ditional studies have advocated for the use of breast pocket irrigation containing 
both antibiotic solution and P-I [17]. 

In 2000, the Food and Drug Administration (FDA) issued a ban on the use of 
Betadine for breast implants given a concern for delamination of shell integrity 
and the potential for implant rupture [33]. Although multiple studies have sug-
gested this to be exceedingly unlikely [29] [30] [32] [34] [35], the proper use of 
Betadine to irrigate the breast pocket and resultant implant complications car-
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ries the risk of legal implications [33]. For this reason, the immediate washout of 
Betadine irrigation with saline has been recommended, but this practice limits 
the antimicrobial effectiveness of Betadine [14] [33]. 

Another alternative to the above includes an antiseptic irrigation solution 
containing chlorhexidine gluconate (CHG), which has been shown to be an ef-
fective and relatively cheap antimicrobial that has both bacteriostatic and bacte-
ricidal effects against a wide range bacteria and fungi. CHG has been shown to 
be more effective in preventing surgical site infections than skin preparation 
with traditional povidone-iodine [36] [37] [38]. While there is no current clini-
cal literature demonstrating the use of CHG as a breast pocket irrigation solu-
tion, there have been in vitro studies that establish superiority of CHG to P-I to 
eliminate the bacteria implicated in peri-prosthetic infection and the develop-
ment of biofilms at shorter exposure times [18] [39]. This pre-clinical data thus 
supports CHG solution as a clinically viable option to decrease bacterial burden 
in the breast pocket without sacrificing operative time. Of note, there have been 
reports of rare allergic reactions to chlorhexidine-containing solutions which 
need to be taken into consideration [40], however, in lower concentrations (i.e. < 
0.05%), this is less of an issue [41]. 

With this background, the purpose of our study was to compare the incidence 
of postoperative complications following implant-based breast reconstruction 
using either TAS or CHG for breast pocket irrigation. Our results reflect the 
pre-clinical studies in that patients undergoing breast pocket irrigation with 
CHG had significantly less risk of infection (6.4% vs. 12.7%, p = 0.006), seroma 
(2.6% vs. 6.9%, p = 0.011), minor complications (8.7% vs. 16.5%, p = 0.003) and 
total complications (22.4% vs. 31.8%, p = 0.006) when compared to patients with 
TAS breast pocket irrigation. Furthermore, implant failure (4.7% vs. 8.1%, p = 
0.086) and capsular contracture (4.7% vs. 8.1%, p = 0.086) had trends towards 
significantly less incidence in the CHG group. We expect that with a larger sam-
ple size, the trends towards less implant failure and less capsular contracture 
would become statistically significant. These data suggest that CHG promotes 
sufficient breast pocket antisepsis and the potential for fewer complications 
when compared to TAS. Given the differences in patient follow-up and anecdot-
al improvements in mastectomy skin flap quality for our study population, these 
results should rather be regarded as CHG being a non-inferior alternative to 
TAS. 

While our data are promising, it is important to note some potential compli-
cating and limiting factors. First of all, this was a retrospective post-hoc analysis. 
Although variation in technique was significantly controlled by the fact that two 
surgeons performed all of the operations, there may have been small changes 
that led to improved outcomes in the CHG group that may not be attributed to 
the use of CHG alone. One noticeable change in technique was the increased use 
of direct-to-implant practice rather than staged tissue-expander reconstruction 
in the CHG group (27.0% vs. 8.4%). Clearly, single-staged reconstruction has 
less potential for bacterial seeding of the breast implant, which could potentially 
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muddle our results. Perhaps more importantly, however, is the fact that patients 
in the CHG group underwent chemotherapy and radiation at significantly de-
creased rates when compared to the TAS group (33.4% vs. 47.4%, p < 0.0001; 
and 20.1% vs. 28.6, p = 0.010, respectively). The increased rates of neoadjuvant 
and adjuvant therapy are important potential confounders as these are known to 
contribute to suboptimal healing; however, when controlling for these on multi-
variate analysis, our results remained valid with 2.4-fold decreased odds of infec-
tion, 2.8-fold decreased odds of minor complications and 1.6-fold decreased 
odds of any complication in the CHG group. Interestingly, the one complication 
that was increased in the CHG group was delayed wound healing (2.9% vs. 0.3%, 
p = 0.006). Finally, it is important to note that this was a relatively small sin-
gle-center study with 690 subjects analyzed in a per-breast fashion. Thus, while 
our results do suggest improved outcomes with CHG compared to TAS, it is 
important to perform larger, multi-center studies with multiple surgeons utiliz-
ing different implants and techniques to obtain more generalizable data. 

5. Conclusion 

This was a retrospective review of a prospectively maintained database compar-
ing triple antibiotic solution to low-concentration chlorhexidine gluconate for 
breast pocket irrigation in implant-based breast reconstruction. We found that 
the CHG group experienced significantly less overall and minor complications, 
had fewer infections and developed fewer seromas. There was no statistically 
significant difference in other complications analyzed; however, there was a 
trend toward decreased implant failure and capsular contracture in the CHG 
group as well. Future work with larger datasets is needed to confirm and expand 
these findings. 
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