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Summary Periprosthetic infections are feared complications in esthetic and reconstructive 
breast surgery. The purpose of our study is to evaluate our institution’s specific culture data 
and to identify most common organisms and suitable antibiotics for prophylaxis and first-line 
treatment. 
We evaluated all patients with a change or removal of breast implants from 01.01.2012 to 
31.12.2017 retrospectively. Based on the medical records, the surgical indications were identi- 
fied and specifically analyzed for signs of infection, reasons for primary and secondary surgery, 
and all available microbiological data of these interventions. 
A total of 666 implant removals or exchanges were performed in 431 patients. Microbiological 
smears were gathered from 291 patients (449 implants). Bacteria were cultured from 63 im- 
plants (56 patients). In six additional patients (ten implants), a periprosthetic infection was 
seen, without bacteria detection. Advanced capsular contracture correlated with a higher pro- 
portion of positive swabs ( p < 0.05). In 11.5% of smears, bacterial contamination was found 
despite absence of clinical signs of infection. Coagulase-negative staphylococci were the dom- 
inant pathogen in clinical inapparent infections, while Staphylococcus aureus was when there 
was clinical evidence of infection. All pathogens were sensitive to vancomycin. 
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In the majority of cases, bacterial contamination was an incidental finding, which was more 
common in the presence of advanced capsular contracture. In our institution, cefuroxime and 
amoxicillin/clavulanic acid have been proven to be reasonable choices for prevention and treat- 
ment of periprosthetic infections. In the treatment of fulminant infections and for the prophy- 
laxis during implant replacement due to advanced capsular contracture, vancomycin became 
our first choice. 
© 2020 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Periprosthetic infections are rare but dreaded complications
in esthetic and reconstructive breast surgery. The incidence
of periprosthetic infections in primary breast augmentation
is 0.3–2%, 1-4 in breast reconstruction on average 5.8%, in
some studies even up to 29%. 5-9 The consequences for pa-
tients are often considerable and lengthy. They include an
extended treatment time, often the necessity of implant
removal and at least temporarily esthetically unsatisfactory
results. In reconstructive surgery, there is also a risk of de-
laying the onset of adjuvant radiochemotherapy. 

The prevention of intraoperative contamination and
postoperative infections is of utmost importance in implant
surgery. In breast surgery, various recommendations evolved
to minimize the risk of bacterial contamination. 10 Preoper-
ative antibiotics are known to reduce perioperative infec-
tions. 11 , 12 However, the relevant pathogen spectrum and the
expected resistances must be taken into account. 

The aim of this work is to provide a recommendation for
prophylactic and therapeutic antibiotic treatment by work-
ing up the proven implant site infections and contamina-
tions of our patients’ swab test. The main focus was set on
the germ spectrum and resistances. 

Patients and methods 

After obtaining approval from the local ethical board (WF-
065/19), a retrospective chart review was performed. The
observation period was from 01 January 2012 to 31 De-
cember 2017. To identify breast implant removals and re-
placements, we performed a systematic search using the
documented procedure codes for the removal and replace-
ment of a mammary prostheses or skin expanders. For
all cases found, patient records were assessed to check
whether swab results were available from the implant site
and whether there was clinical suspicion of infection. The
criteria of infection were purulent secretion, spontaneous
dehiscence, rapidly developing pain, circumscribed chest
erythema or fluid accumulation. 

Antibiotic resistances were evaluated for cefurox-
ime, cefotaxime, ampicillin/sulbactam, piperacillin/
tazobactam, imipenem, vancomycin, ciprofloxacin, clin-
damycin, and gentamicin. 

Further information on the course of the disease, previ-
ous treatment, preoperative diagnostics (leukocyte count,
C-reactive protein (CRP)), and patient’s specifics were
recorded from the patient file and electronic documenta-
tion, if available. 
Please cite this article as: J.A. Lohmeyer, V.L. Jakob and M. Keck et al.,
Evaluation of 666 consecutive breast implant removals, Journal of Plast
j.bjps.2020.11.005 
We assessed the influence of diabetes, radiation therapy,
esthetic vs. reconstructive indication for surgery, adminis-
tration of an ADM or net, and active smoking on bacterial
contamination and on the occurrence of suspected peripros-
thetic infections. The chi-square test was used to deter-
mine statistical significance levels for categorical data (vari-
ables), whereas for comparison of metric data (variables)
either a t-test or a Mann-Whitney-U-test was performed. A
p-value of < 0.05 was considered significant. 

In order to investigate whether complete capsulectomy
in case of bacterial colonization makes a recurrence of cap-
sular contracture less likely, these patients were contacted
by telephone and interviewed about complaints and later
surgery. 

In our clinic, the preoperative intravenous single-shot ad-
ministration of 1.5 g cefuroxime is standardized in all breast
surgeries. In case of known allergies, clindamycin is given if
tolerated. The new implants are inserted after rinsing of the
implant site with 1:1 diluted Betadine solution. We basically
stick to the 14-point plan of Adams to prevent infection. 10

In implant reconstruction, a drain is usually placed, whereas
we generally do without it in primary augmentation. 

The swabs from the implant sites are taken immediately
after the capsule has been opened. From November 2016
we added a strip of capsule to the culture. At the same
time, the culture medium was changed from agar-gel to liq-
uid Amies medium (eSwab TM ). 

Results 

Between January 1, 2012 and December 31, 2017, 666
breast implants were removed from 431 patients in our
clinic. A total of 449 swabs were taken from implant sites
in 291 patients. We found a positive culture in swabs from
63 implant sites in 56 patients (14.0% and 19.2%, respec-
tively). The indications for implant removal or replacement
in all patients and in the group with smear tests and in cases
of clinical suspicion of periprosthetic infection are summa-
rized in Table 1 . 

Bacterial growth was found in 14 of 24 implants with sus-
pected infection (58.3%). In those without suspected infec-
tion, however, bacterial growth was still found in 49 out of
425 implant sites (11.5%). The signs of infection ranged from
narrowly circumscribed to extensive redness, with or with-
out swelling of the breast. Out of 24 patients, 10 received
antibiotic treatment on average 10 days prior to implant re-
moval (4x ciprofloxacin, 4x amoxicillin/clavulanic acid, 1x
cefuroxime, 1x antibiotic not specified. Out of 10 patients,
4 with prior antibiotic treatment had sterile swabs (com-
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Table 1 Indications for implant removal or change. 

Indications for implant removal 
or change 

Number of implants Number of implants with 
swabs 

Number of implants with 
bacteria detection 

Esthetic (%) Reconstructive 
(%) 

Esthetic (%) Reconstructive 
(%) 

Esthetic (%) Reconstructive 
(%) 

Capsular contracture 172 
(50.7%) 

171 
(52.3%) 

106 
(46.9%) 

118 
(52.9%) 

19 
(57.6%) 

12 
(40.0%) 

Implant rupture 76 (22.4%) 31 
(9.5%) 

55 
(24.3%) 

20 
(9.0%) 

8 
(24.2%) 

2 
(6.7%) 

Implant dislocation 22 
(6.5%) 

29 
(8.9%) 

14 
(6.2%) 

19 
(8.5%) 

– 2 
(6.7%) 

Planned secondary autologous 
reconstruction 

– 31 
(9.5%) 

– 18 
(8.1%) 

– –

Breast asymmetry 17 
(5.0%) 

14 
(4.3%) 

4 
(1.8%) 

10 
(4.5%) 

– 1 
(3.3%) 

PIP-Implantat 17 
(5.0%) 

2 
(0.6%) 

15 
(6.6%) 

1 
(0.4%) 

– –

Planned change from expander 
to implant 

2 
(0.6%) 

14 
(4.3%) 

2 
(0.9%) 

9 
(4.0%) 

– 1 
(3.3%) 

Suspected periprosthetic 
infection 

12 
(3.5%) 

12 
(3.7%) 

12 
(5.3%) 

12 
(5.4%) 

6 
(18.2%) 

8 
(26.7%) 

Ptosis mammae 12 
(3.5%) 

– 12 
(5.3%) 

– – –

Skin necrosis – 9 
(2.8%) 

– 9 
(4.0%) 

– 2 
(6.7%) 

Breast tumor 3 
(0.9%) 

7 
(2.1%) 

3 
(1.3%) 

3 
(1.3%) 

– 1 
(3.3) 

Hematoma 5 
(1.5%) 

1 
(0.3%) 

2 
(0.9%) 

1 
(0.4%) 

– 1 
(3.3%) 

BRCA 1 or 2 -Mutation – 4 
(1.2%) 

– 2 
(0.9%) 

– –

Seroma – 2 
(0.6%) 

– 1 
(0.4%) 

– –

Siliconome 1 
(0.3%) 

– 1 
(0.4%) 

– – –

Total 339 327 226 223 33 30 
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ared to 6 of 14 without prior antibiotic treatment). In 6
ut of 10 swabs, the previously given antibiotic was tested.
f these, 3 were sensitive and 3 were resistant. 
Looking at both time intervals before and after the 

hange of the smear medium and capsule addition, a sig- 
ificant increase in positive smears was observed ( p < 0.05).
n the first interval, 22 of 283 (7.2%) smears were positive
n cases without clinical signs of infection, whereas 27 of 93
22.5%) were positive in the second. 
Clinical apparent infections occurred on average 1.5 

onths (2 days to 3 years) after implantation. In cases with
ositive swabs but no sign of infection, the median interval
etween implant placement and removal was 6.8 years (2 
ays to 10.5 years). The revision two days after implanta-
ion was due to a postoperative hematoma. 
In the laboratory diagnostics before implant removal, 

ean leukocyte count was 9.9/nl with suspected infec- 
ion, and 7.9/nl with positive detection of bacteria without 
ny signs of infection (standard value 3.5–10/nl, p > 0.05).
RP averaged 51.3 mg/l and 5.0 mg/l respectively ( p < 0.05,
tandard value < 5 mg/l). 

Staphylococcus aureus was detected as a pathogen in 
ore than half of the cases with clinical suspicion of
Please cite this article as: J.A. Lohmeyer, V.L. Jakob and M. Keck et al.,
Evaluation of 666 consecutive breast implant removals, Journal of Plast
j.bjps.2020.11.005 
nfection, followed by coagulase-negative staphylococci 
CNS) and enterococci. Methicillin-resistant Staphylococcus 
ureus was not seen. In cases without any clinical signs of
nfection, CNS followed by Propioni bacteria and Staphylo- 
occus aureus were most frequently detected ( Figure 1 ).
e did not see any correlation between time point and the
ausative organism. 
Vancomycin was the only antibiotic that worked on all

acteria without any resistances. In cases of clinically ap-
arent infections, levofloxacin and ciprofloxacin showed 
elow-average efficacy, while the other antibiotics tested 
eached at least 80% of the bacteria. 
In cases without clinical signs of infection, all antibiotics

ested showed at least 80% efficacy ( Figure 2 ). 
We saw a significant correlation between the degree of

apsular contracture and bacteria detection ( p < 0.05). In
ow-grade capsular contracture Baker class 1 or 2, three out
f 29 swabs were positive (10.3%), whereas in Baker 3 and
, 41 of 281 were positive (14.6%). 
The implant position was documented in 171 of 226 pri-

ary augmentations cases. 
In the primary esthetic cases, positive cultures were seen 

n 22 of 100 subglandular implant pockets (22.0%) and 7 of
 Antibiotic treatment and prophylaxis of periprosthetic infections: 
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Figure 1 Distribution of detected bacteria in the case of apparent infections or as a random finding without signs of infection. 

Figure 2 Resistance testing subdivided according to clinical infection and colonization in case of inconspicuous clinical signs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

71 subpectoral implant pockets (9.9%). However, the dif-
ference was not significant ( p = 0.073). The frequency of
bacterial detection did not depend on whether the previ-
ous operation was an initial augmentation or an implant
change. The average implant size was 270 cc (range 100–
600 cc) and did not correlate with bacterial contamination.
An additional net or a cellular dermal matrix was not intro-
duced in any of the cases. 

In all 19 patients (24 implants) with suspected implant
site infection, implant removal with complete capsulectomy
was performed. 

In those 43 patients (49 implants), in whom bacteria de-
tection was completely unexpected, we performed a di-
rect change of 23 implants, simple implant removal in 15
cases, 3 autologous fat grafts, and 8 autologous reconstruc-
tions each. Out of 19 patients (23 implants) in which we
performed a direct implant exchange despite bacterial col-
onization, we were able to interview 17 about their fur-
ther course after an average of 51 months (28–95 months).
Out of 17, 7 reported a new induration of the breast in
the sense of an advanced capsular contracture, but only
three chose surgical revision. Three out of 10 patients with
Please cite this article as: J.A. Lohmeyer, V.L. Jakob and M. Keck et al.,
Evaluation of 666 consecutive breast implant removals, Journal of Plast
j.bjps.2020.11.005 
complete capsulectomy reported new capsular contracture
(30%), as did 4 out of 7 with incomplete capsulectomy (57%,
p > 0.05). 

Diabetes, radiation therapy, esthetic vs. reconstructive
indication for surgery, administration of an ADM or net, and
active smoking showed no significant influence on bacterial
contamination or on the occurrence of suspected peripros-
thetic infections. ADMs have been used in 5 cases where
a swab was taken. None showed bacterial contamination
( Table 2 ). 

Discussion 

Periprosthetic infections are one of the most dreaded com-
plications in breast implant surgery. The incidence in pri-
mary breast augmentation is reported to be 0.3–2%, 1-4 in
breast reconstruction on average 5.8%, in some studies even
up to 29%. 5-9 The higher rate of infections in reconstruc-
tive surgery is most probably caused by tissue ischemia with
skin-saving mastectomy, the severing of the mammary gland
tissue and thus the opening of the glandular ducts, the su-
 Antibiotic treatment and prophylaxis of periprosthetic infections: 
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Table 2 Influencing factors on inapparent and apparent periprosthetic infections. 

Influencing factors, number of patients with 
swabs taken 

Positive swabs without suspected 
periprosthetic infection 

Implants with suspected 
periprosthetic infection 

n (%) p -value n (%) p -value 

Esthetic ( n = 226) 
Reconstructive ( n = 223) 

27 (11.9%) 
22 (9.9%) 

0.480 12 (5.3%) 
12 (5.4%) 

0.973 

Radiation therapy (reconstructive) 
yes ( n = 86) 
no ( n = 129) 
unclear ( n = 8) 

8 (9.3%) 
13 (10.1%) 

0.821 4 (4.7%) 
8 (6.2%) 

0.628 

ADM or resorbable net (reconstructive) 
yes ( n = 5) 
no ( n = 218) 
unclear ( n = 0) 

0 (0.0%) 
22 (10.1%) 

0.440 0 (0.0%) 
12 (5.5%) 

0.590 

Active smoking (esthetic and 
reconstructive) 
yes ( n = 165) 
no ( n = 283) 
unclear ( n = 1) 

18 (10.9%) 
31 (11.0%) 

0.949 11 (6.7%) 
13 (4.6%) 

0.347 

Diabetes mellitus (esthetic and 
reconstructive) 
yes ( n = 7) 
no ( n = 438) 
unclear ( n = 4) 

0 (0.0%) 
49 (11.2%) 

0.333 0 (0.0%) 
24 (5.5%) 

0.524 
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erficial implant position, and possible preoperative radio- 
herapy. 13 

When postoperative infections occur after the insertion 
f breast implants, a distinction must be made between 
uperficial and deep periprosthetic infections. In this study, 
nly periprosthetic infections or contaminations were 
nalyzed. The study will help to offer targeted antibiotic 
erioperative prophylaxis as well as recommendations for 
argeted empirical treatment of periprosthetic infections 
rior to the availability of the individual antibiogram. 
Early infections usually occur in the first postoperative 

onth. Accompanying symptoms are fever, acute pain, one- 
ided breast swelling, and circumscribed chest erythema. 14 

he data on the occurrence of late infections is much 
eaker, as patients often no longer appear at the primary
are provider. Oligo- or asymptomatic so-called low-grade 
nfections have to be distinguished from clinically apparent 
ate infections. Some periprosthetic infections only occur 
fter years or even decades. The cause of the contamina-
ion is often unclear. In addition to the spread of germs from
he patient’s skin or milk ducts, septic spreads of infectious
oci are also discussed. 13 

A very rare but life-threatening form of acute infection 
s the toxic shock syndrome (TSS), which occurs on average 
our days after implantation and is characterized by septic 
hock with comparatively inconspicuous local findings. 15 

In our study, the median time interval between insertion 
nd removal of the implants was 1.5 months in case of clin-
cal suspicion of infection, and 6.8 years in patients with-
ut clinical suspicion of infection. In 29% of the reported
ases, first signs of infection occurred more than 3 months 
fter surgery. The literature describes an average latency of 
2 days to 12 months between implantation and the occur-
ence of signs of infection. 1 , 16 , 17 Ten out of 24 cultures in
Please cite this article as: J.A. Lohmeyer, V.L. Jakob and M. Keck et al.,
Evaluation of 666 consecutive breast implant removals, Journal of Plast
j.bjps.2020.11.005 
atients with clinical infections failed to detect bacteria in
ur study (42%). In other works, this rate was 13–30%. 5 , 18 , 19 

The pathogens predominantly detected with suspected 
eriprosthetic infection in our study were methicillin- 
ensitive Staphylococcus aureus and CNS, and CNS and Pro-
ioni bacteria in clinically inapparent infections respec- 
ively. 
The specific germ spectrum of periprosthetic infections 

n breast surgery was mainly evaluated in studies at US
nd European centers. In one study, CNS were predomi-
antly found. 19 However, Staphylococcus aureus was iso- 
ated most frequently with 37–68% CNS. 5 , 8 , 18 , 20 Up to two-
hirds were methicillin resistant. Higher rates of MRSA were
redominately found in US studies. 5 , 18 , 20 Gram-negative 
ods, mainly Pseudomonas aeruginosa , are usually isolated 
uch less frequently. In two studies, however, pseudomonas 
as found to be the second most common. 5 , 8 Infections with
typical mycobacteria are extremely rare and are not de-
ected in routine bacteriology. In case of suspicion, e.g. in
ase of resistance to common antibiotics, a complementary 
iehl-Neelsen staining and mycobacterial culture should be 
onsidered. 21 The results of the resistance tests can only be
ransferred to other regions or countries to a very limited
xtent. 
CNS are the main pathogens of the physiological skin 

ora. In a study of tissue samples of the mammary gland in
reast reduction, CNS were detected in 53% of the samples.
ropioni bacterium acnes are the most frequently detected 
naerobic pathogen. 22 

Highly sensitive detection methods (culture of the son- 
cation fluid of the implant surface) can detect bacteria
n up to 45% of all implant capsules, with a significantly
igher incidence in advanced capsular contracture (Baker 
 and 4). 23 Other studies confirmed the higher incidence of
 Antibiotic treatment and prophylaxis of periprosthetic infections: 
ic, Reconstructive & Aesthetic Surgery, https://doi.org/10.1016/ 
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Figure 3 Therapy recommendation for the prophylaxis and therapy of periprosthetic infections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

positive cultures with skin flora in advanced capsular con-
tracture 24 , 25 . Recent studies have also suggested that the
chronic subclinical infection is associated with the devel-
opment of breast implant–associated anaplastic large cell
lymphomas (BIA-ALCL). 26 

In our patient population, positive smear results were ob-
served in 11.5% of explanted implants without any clinical
signs of infection (49 of 425 implants in 43 of 272 patients).
In the time period after we started adding capsular tissue to
the swab for culture, the incidence increased to 22.5% (27of
93 implants in 25 of 57 patients). 

Our study exhibited a bacterial sensitivity of 100% to
vancomycin, which varied in other studies from 66 to
100%. 5 , 19 , 20 While we only saw few resistances for cefurox-
ime and amoxicillin/clavulanic acid, in some US studies, the
sensitivity was less than 70%, even down to 30% for amoxi-
cillin/clavulanic acid or their standard cephalosporine. 5 , 20 

Unfortunately, the cluster of tested antibiotics varied
considerably even within single institutions. 

Due to the limited sensitivity to clindamycin and
ciprofloxacin in all studies, the use of broad-spectrum an-
tibiotics as vancomycin should be considered in the treat-
ment of periprosthetic infections with allergies to penicillin
or cephalosporins. 

We highly agree with Prantl et al. who supported the use
of Vancomycin as a prophylactic antibiotic for implant re-
placement, due to the broader spectrum of microorganisms
found in late infections, that are held responsible for the
formation of advanced capsular contracture ( Figure 3 ). 27 

One limitation of this study is that only 67% of implant
pockets had diagnostic swabs. There are two main reasons
for this. First, at the beginning of the examination interval,
one of the main surgeons did not usually take a smear in
the absence of suspected infection. Second, patients often
did not want to have a smear test if they had to pay for
it privately. Nevertheless, all patients with signs of infec-
tion received a smear test without exception. Another fac-
tor influencing germ detection and resistance formation is
the preoperative antibiotic administration, which was car-
Please cite this article as: J.A. Lohmeyer, V.L. Jakob and M. Keck et al.,
Evaluation of 666 consecutive breast implant removals, Journal of Plast
j.bjps.2020.11.005 
ried out in 10 of 24 patients in our cohort. In six tests for the
individual antibiotic, resistance was observed in half of the
patients. However, four out of ten post-therapeutic swabs
were sterile. We did not observe any significant influence of
tested factors such as smoking and radiation therapy on the
occurrence of bacterial contamination or apparent peripros-
thetic infection. However, existing relationships could be
obscured by the small case size. 

Risk factors 

Various risk factors for the development of postoperative
infections in breast implant surgery are listed in the liter-
ature. The most important influence is whether the proce-
dure of implant placement is esthetic or reconstructive and
whether radiotherapy preceded. 17 , 28-32 

However, an increased incidence of postoperative
infections has also been described for adjuvant chemother-
apy, 9 , 33 nicotine abuse, 29 , 32 , 33 axillary dissection, 31 obesity
(BMI > 30), 29 , 34 breast size during reconstruction, 28 implant
change versus initial implantation 8 , 28 and insertion of
drainage during esthetic augmentation. 1 , 3 In reconstruc-
tive breast surgery, even in larger studies, there were no
indications of increased infection rates when drains were
placed. 35 

Infection prophylaxis 

The top priority to prevent infection is the meticulous com-
pliance with the intraoperative sterility of operation field
and implant. We basically stick to the 14-point plan of
Adams. 10 Drains are generally not used for esthetic augmen-
tation. 

Compared to the use of physiological saline solution
in a meta-analysis of 1786 patients, implant wetting with
Povidone-iodine resulted in a reduction of the capsular
 Antibiotic treatment and prophylaxis of periprosthetic infections: 
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https://doi.org/10.1016/j.bjps.2020.11.005


Antibiotic treatment and prophylaxis of periprosthetic infections 7 

ARTICLE IN PRESS 

JID: PRAS [m6+; December 8, 2020;9:49 ] 

c  

t
t
t  

p
o  

c
i
s  

a

m  

i
t
o
b  

p
w

D

T
o
t
a
m
o

s
c  

C
i
n
e

a
U
f  

T  

d
c
l
i

t  

i
f
i
r
b  

p
d

 

i
t
s
p  

s

6  

g

f  

a

r  

e  

c  

e  

t  

r

6  

o
d  

c  

s  

o  

s  

p
i  

c  

c
 

p
f  

i

s  

t
s
a
e
l  

a

C

S  

m
c  

r  

a

t
I
c
g
t
s  

d

b  

a  

m
 

s  

t  

i  

w  

s
o
m

ontracture Baker 3/4 from 8.9% to 2.7%. 36 It seems cer-
ain that flushing the implant site with an antibiotic solu- 
ion reduces the rate of postoperative periprosthetic infec- 
ions. 1 , 37 Araco et al. described in a retrospective study of
rimary augmentations in 3002 patients a 4-fold reduction 
f the infection risk by flushing the implant pocket with
efuroxime or erythromycin. 1 The use of Povidone-iodine 
n combination with perioperative prophylactic antibiotics 
eems to be more efficient than the sole administration of
ntibiotics. 38 

Systemic antibiotic administration is generally recom- 
ended and has been shown to reduce the rate of infection

n reconstructive and esthetic breast surgeries. 12 Compared 
o single-shot administration, the continuation of antibi- 
tic administration shows no advantages. 3 , 7 Since secondary 
acteremia is also discussed as the cause of late infections,
rophylactic antibiotics should be considered for women 
ith breast implants, during dental or septic procedures. 13 

iagnostics and therapy 

he symptoms and clinical signs of a periprosthetic infection 
ften vary considerably. Patients often complain of pain and 
ightness in the affected chest. Clinical signs are redness 
nd warmth of the breast, swelling and postoperative sero- 
as. Leukocytosis, an increase in CRP and fever, can also 
ccur. 
Leukocyte count or CRP often does show normal levels in 

ubclinical or acute infections. Seng et al. found pathologi- 
al values in 13% of cases. 8 In clinically apparent infections,
RP elevation was more significant in our study. Low-grade 
nfections without clinical signs of infection were accompa- 
ied by infection parameters ranging from normal to slightly 
levated. 
Various measures are recommended for the diagnosis 

nd treatment of suspected periprosthetic infections. 
ltrasound-guided puncture of the exudate may be per- 
ormed, with the risk of an iatrogenic lesion of the implant.
he exudate should be incubated for 10 days and, in ad-
ition to the standard test for pathogens and resistance, a 
ulture of acid-resistant rods should also be considered. In 
ate seromas, immunohistochemical examination for CD30 
s also recommended to exclude BIA-ALCL 26 , 39 . 

With mild clinical symptoms and regular laboratory infec- 
ion parameters, a single dose of antibiotics may cause the
nfection to subside. 32 Various studies described success- 
ul antibiotic treatment with or without implant removal 
n subclinical or oligosymptomatic infections. The success 
ate with administration of antibiotics alone is reported to 
e 25–43%. 28 , 32 In the case of suspected acute infection, im-
lant removal with secondary reconstruction is generally in- 
icated. 8 , 13 

In 1979, Courtiss et al. described a success rate of 45%
n a series of 41 infected breast implants under conserva- 
ive treatment alone, with almost one-third developing cap- 
ule contractures. 40 After primarily reconstructive implant 
lacement, Feldman et al. reported a 75% success rate with
ystemic antibiotics alone for treating infections. 18 

With a single-stage implant change, a success rate of 
2 to 94% was indicated in larger series, although bias was
iven by only considering implant preservation for minor in- 
Please cite this article as: J.A. Lohmeyer, V.L. Jakob and M. Keck et al.,
Evaluation of 666 consecutive breast implant removals, Journal of Plast
j.bjps.2020.11.005 
ections. 16 , 17 In most cases, no data on long-term follow-up
fter implant preservation are available to date. 
Several recommendations regarding whether or not to 

emove the implant capsule have been made. While Pittet
t al. do not recommend systematic removal of the implant
apsule in the presence of an infection, 16 we would gen-
rally recommend this to reduce the bacteria load in the
issue. This is also supported by the reported high success
ates of other studies. 17 

Prince et al. recommend administering antibiotics for 4–
 weeks for septic implant changes. 16 In our hands, pre-
peratively started antibiotic therapy is continued for 10 
ays postoperatively after implant removal. If the swab test
omes up with a positive finding, in patients without clinical
igns of infection, we do not start antibiotic therapy later
n. In our study, in none of the reported cases with positive
wabs with implant replacement or removal, a clinically ap-
arent infection occurred postoperatively, with a follow-up 
nterval of at least 6 months. We saw recurrent capsular
ontracture after 4 years in 27% when the capsule had been
ompletely removed and 57% when not. 
The high proportion of secondary referrals in our patient

opulation, in particular among patients with suspected in- 
ections, did not allow a reliable evaluation of the primary
nfection rate. 

Large-scale studies are difficult to implement in breast 
urgery due to the rarity and heterogeneity of peripros-
hetic infections. In addition, bacteria detection and re- 
istance levels can vary considerably both regionally and 
mong individual institutions. Consequently, the continuous 
valuation of everyone’s own or regional specific microbio- 
ogical data should be a prerequisite for proper quality man-
gement. 

onclusion 

taphylococcus aureus and CNS are generally the most com-
on pathogens of acute periprosthetic infections. Staphylo- 

occus epidermidis and Propioni bacteria seem to be mainly
esponsible for subclinical infections and thus likely to play
 role in capsular contracture. 
Antibiotic prophylaxis and empirical treatment of infec- 

ions should take regional resistance levels into account. 
n our hands single-shot antibiotics are administered with 
efuroxime or amoxicillin/clavulanic acid. In case of high- 
rade capsular contracture, we recommend single-shot an- 
ibiotic prophylaxis with 1 g vancomycin, complete cap- 
ulectomy and thorough rinsing of the implant pocket with
iluted betadine solution. 
For the therapy of apparent infections, medication must 

e checked upon receipt of an antibiogram. In the case of
 foudroyant course of infection, we would start the treat-
ent empirically with vancomycin. 
The culture from capsule tissue is preferable to the clas-

ical smear because of its better sensitivity. Sole antibiotic
herapy can be tried with the first onset of clinical signs of
nfection. In case of persistent symptoms or recurrence, we
ould continue to prioritize the removal of the implant with
econdary reconstruction. With thorough debridement and 
nly mild symptoms, however, a one-stage implant change 
ay also be considered. 
 Antibiotic treatment and prophylaxis of periprosthetic infections: 
ic, Reconstructive & Aesthetic Surgery, https://doi.org/10.1016/ 
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