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The use of perioperative antibiotic prophylaxis in cu-
taneous surgery is controversial due to unclear effi-
cacy and, thus, potentially unnecessary side-effects. 
This prospective observational study analysed the 
efficacy of oral perioperative antibiotic prophylaxis 
in preventing surgical site infections. Adult patients 
undergoing cutaneous surgery between August 2020 
and May 2021 at Ludwig-Maximilian University Hospi-
tal Munich, Germany, without prior signs of infection 
were eligible. Propensity score weighting was used for 
covariate adjustment to account for non-randomized 
treatment assignment. Of 758 included patients, 23 
received perioperative antibiotic prophylaxis (3.0%). 
In this group, a surgical site infection occurred in 1 of 
45 lesions (2.2%) compared with 76 of 1,189 lesions 
(6.5%) in the group without perioperative antibiotic 
prophylaxis (735 patients, 97.0%). With covariate ad-
justment, the odds ratio for the occurrence of a sur-
gical site infection in patients receiving perioperative 
antibiotic prophylaxis was 0.114 (95% confidence in-
terval 0.073–0.182; p <0.001) on a per lesion level. 
The number of lesions needed to treat to prevent 1 
surgical site infection was 17.6 (95% confidence inter-
val 16.8–19.2). This prospective observational study 
shows a reduction in the incidence of surgical site in-
fection in cutaneous surgery performed with periope-
rative antibiotic prophylaxis. The large size difference 
between the 2 study groups limits the study.
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The aims of perioperative antibiotic prophylaxis in 
cutaneous surgery include the prevention of infec-

tive endocarditis, haematogenous joint infection, and 
surgical site infection. The efficacy of perioperative 
antibiotic prophylaxis in reducing the incidence of such 
complications is unclear, since large-scale prospective 
clinical trials are missing. In addition, the overuse of 
perioperative antibiotics may lead to an increased inci-
dence of side-effects and the development of multidrug-

resistant bacteria. The use of perioperative antibiotic 
prophylaxis in cutaneous surgery is thus controversial; 
there is no broad consensus regarding indications, and 
recommendations are extrapolated from guidelines is-
sued by organizations outside of dermatology (1). The 
guidelines for the prevention of infective endocarditis 
of the European Society of Cardiology published in 
2015 and the American Heart Association published 
in 2017 recommend antibiotic prophylaxis for pro-
cedures that breach the oral mucosa or infected skin 
in patients at high risk for infective endocarditis; for 
example, those with a prosthetic cardiac valve (2, 3). 
The 2012 guidelines for the prevention of prosthetic 
joint infections of the American Dental Association 
and the American Academy of Orthopaedic Surgeons 
suggest that antibiotic prophylaxis for patients with 
prosthetic joints undergoing dental procedures may not 
be necessary, except for immunocompromised patients 
(4, 5). This can, at least, be extrapolated to dermatolo-
gical procedures affecting the oral mucosa. Regarding 
the prevention of surgical site infections, an advisory 
statement for antibiotic prophylaxis in dermatological 
surgery, published by Wright et al. in 2008, recommends 
the use of perioperative antibiotic prophylaxis for groin 
and lower extremity procedures, wedge excisions on 
the lip or ear, skin flaps on the nose, skin grafts, and 
procedures on highly inflammatory skin (4). In contrast, 
recent literature tends to advise against the use of oral 
prophylactic antibiosis for the prevention of surgical 
site infections in cutaneous surgery, and favours the use 
of oral antibiotics after diagnosis of infection, mainly 

SIGNIFICANCE
Wound infection after skin surgery can lead to serious com-
plications, such as sepsis and the need for further surgery. 
Whether prophylactic use of an antibiotic immediately be-
fore or during the initial surgery reduces the risk of wound 
infection is unclear. This study, which included 758 patients, 
compared 2 groups of patients; a group given perioperative 
antibiotics and a group without perioperative antibiotics. 
Because assignment to groups was not random, which can 
lead to bias, propensity score weighting was used as a sta-
tistical technique. The study showed a reduction in the risk 
of wound infection after skin surgery with the use of perio-
perative antibiotics. 
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because of unclear efficacy and the risk of multidrug 
resistance in bacteria (6). 

The aim of this prospective observational study was 
to analyse the efficacy of oral perioperative antibiotic 
prophylaxis in the prevention of surgical site infections 
in patients undergoing cutaneous surgery.

MATERIALS AND METHODS

Ethics review and informed consent

This prospective observational single-centre study was approved 
by the ethics committee of the Faculty of Medicine at Ludwig-
Maximilian University, Munich, Germany (process number 20-
141). It was performed in accordance with the ethics standards of 
the responsible committee on human experimentation (institutional 
and regional) and with the Declaration of Helsinki 1975, as revised 
in 1983. Prior to initiation, a study-protocol was published (avai-
lable at https://www.researchregistry.com; identifying number: re-
searchregistry5879). Both oral and written informed consent were 
obtained from all study participants. Beforehand, all participants 
received written information validated by the ethics committee.

Patients

All adult patients admitted for cutaneous surgery to the Department 
of Dermatology and Allergy at the Ludwig-Maximilian University 
Hospital between 10 August 2020 and 31 May 2021 were eligible 
for inclusion. After obtaining informed consent, patient and lesion 
characteristics were collected by study personnel. Cancellation of 
surgery, transfer to an external department, loss to follow-up, and 
incomplete patient or lesion characteristics resulted in exclusion 
before analysis.

Cutaneous surgery

Surgery was performed in an in- or out-patient setting. Due to 
local COVID-19 restrictions during the COVID-19 pandemic, 
most cutaneous surgeries were performed in an inpatient setting 
after obtaining a negative PCR test for COVID-19. Only minor 
surgeries, such as punch biopsies and shave excisions, were 
performed in an outpatient setting. In both settings, surgeons 
and assistants wore sterile surgical gowns, surgical caps, masks, 
and sterile gloves. In the inpatient setting, patients wore clean 
surgical dresses. Surgeries were performed with local or general 
anaesthesia. According to the site of surgery and possible contra-
indications, antiseptic skin preparation was performed using an 
alcohol-based or aqueous solution of povidone-iodine, octenidine 
dihydrochloride, or chlorhexidine. Immediate or delayed wound 
closure was conducted by simple suture, flaps, grafts, or secon-
dary intention. Non-absorbable and monofilament suture made of 
polyamide, non-absorbable and braided suture made of polyester 
fibres, absorbable and monofilament suture composed of polymer 
polydiaxone, absorbable and braided suture made of polyglactin, 
surgical staples, and/or adhesive closure strips were used for 
wound closure, except in secondary wound healing. Wound care 
was performed using sterile wound dressing. 

Perioperative antibiotic prophylaxis

Administration of oral or intravenous, systemic antibiotics within 
60 min before surgery or during the surgical procedure was defined 
as perioperative antibiotic prophylaxis. Perioperative antibiotics 
for the prevention of infective endocarditis were given according 
to the guidelines for the management of infective endocarditis 
published in 2015 by the European Society of Cardiology (7) 

using aminopenicillins. For the prevention of surgical site infec-
tions, perioperative antibiotics were given at the discretion of the 
treating surgeons who identified patients at risk for surgical site 
infection based on risk factors previously described in the litera-
ture and clinical experience. Aminopenicillins, cephalosporins, 
clindamycin, or doxycycline were used for the latter indication.

Follow-up

Depending on the surgical site and wound condition, suture ma-
terial was removed between 5 and 14 days after wound closure. 
Suture removal and regular wound dressing changes were per-
formed in the outpatient clinic whenever possible. Irrespective of 
where suture removal and regular wound dressing changes were 
performed, standardized follow-up by phone was conducted at 
day 14 after wound closure. Patients were interviewed regarding 
any adverse events and antibiotic intake. 

Outcome measure

The outcome of interest was surgical site infection within the first 
14 days after skin surgery. The definition of surgical site infection 
differs in clinical practice. In this study, surgical site infection 
was defined and diagnosed according to the European Center for 
Disease Prevention and Control (8). 

Statistical analysis

In observational studies, non-random treatment assignment usu-
ally leads to an imbalance of covariates across compared patient 
groups, which may cause confounding bias and thus prevent the 
estimation of causal effects. Propensity score weighting is a widely 
used statistical method that accounts for an imbalance of covariates 
and thus allows the estimation of causal effects (9). An imbalance 
of patient and lesion characteristics was expected between patients 
who received perioperative antibiotic prophylaxis and patients 
who did not, due to non-random assignment. Propensity score 
weighting was used to account for this expected imbalance. 

Sex, age, diabetes, hypertension, body mass index (BMI), 
smoking status, alcohol abuse, coronary artery disease, hypercho-
lesterolaemia, history of haematological cancer, human immuno-
deficiency virus (HIV) infection, glucocorticoid intake, intake of 
a biological, intake of another immunosuppressive medication, 
anticoagulation, antiplatelet medication, malignancy of operated 
skin lesion, planned wound closure, ulceration, defect size, and 
localization were included as covariates in a logistical regression 
model to calculate the probability of treatment assignment given 
the covariate values, which is the definition of the propensity score. 
In selecting the variables to be included, care was taken to include 
variables that might affect the decision to administer perioperative 
antibiotic prophylaxis. The setting (inpatient vs outpatient) was 
not included, since it depended on defect size, localization, and 
planned wound closure, which were included as covariates.

The hypothesis that the use of perioperative antibiotics reduced 
the incidence of surgical site infection was tested using a logistical 
regression model. In this model, perioperative antibiotic pro-
phylaxis was included as covariate. Observations were weighted 
according to the corresponding propensity score values. More 
specifically, the inverse probability of treatment was used to 
weight observations. The hypothesis was tested 2-sided with an 
alpha level of 0.05.

Sensitivity analysis

Classic propensity score weighting does not account for a multi-
level data structure. In this study, a multilevel data structure was 
present, since observed units were organized within clusters. The 
observed units were wound lesions. One patient could have se-
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veral wound lesions and, thus, wound lesions were nested within 
patients. Most of the covariates included in the models of the main 
analysis were patient characteristics. The study thus assumed no 
relevant additional variance in the intercept between patients in 
the models of the main analysis. Against this background, the 
study considered classic propensity score weighting as adequate 
for the analysis of this data.

However, as a sensitivity analysis, multilevel matching was 
used as a new approach to account for an imbalance of covariates 
in observational data with a multilevel structure (10). Multilevel 
matching aims at mimicking a cluster randomized trial, in which 
observed units are organized within clusters that were randomized 
to a treatment or control group. In the current case, multilevel mat-
ching mimics a cluster randomized trial, in which wound lesions 
are organized within patients who were randomized to the use or 
non-use of antibiotic prophylaxis. Multilevel matching was perfor-
med using a network flow algorithm, as presented by Pimentel et 
al. (10). Sex, age, diabetes, hypertension, 
BMI, smoking status, alcohol abuse, 
coronary artery disease, hypercholestero-
laemia, history of haematological cancer, 
HIV infection, glucocorticoid intake, 
intake of a biological, intake of another 
immunosuppressive medication, anti-
coagulation, and antiplatelet medication 
were defined as covariates on the patient 
level. Malignancy of operated skin lesion, 
planned wound closure, ulceration, defect 
size, and localization were defined as 
covariates on a per lesion level. Patients 
were matched without matching lesions 
within pairs of matched patients. All pa-
tients receiving perioperative prophylaxis 
were kept in the matched dataset.

The hypothesis that the use of periope-
rative antibiotics reduced the incidence of 
surgical site infection was tested using a 
mixed effects logistical regression mo-
del. Perioperative antibiotic prophylaxis 
was included as fixed effect. A random 
intercept was used to cluster both within 
matched pairs of patients and within 
patients (10). The hypothesis was tested 
2-sided with an alpha level of 0.05.

All statistics were performed in R, 
version 4.0.3 (Vienna, Vienna, Austria). 
Functions of the Stats package, version 
4.0.3 (Vienna, Vienna, Austria), were 
used for propensity score estimation. 
Functions of the lme4 package, version 
1.1-26 (Vienna, Vienna, Austria), were 
applied for outcome analysis. Functions 
of the matchMulti package, version 1.1.7 
(Vienna, Vienna, Austria), were used for 
multilevel matching.

RESULTS

Patients
Between 24 August 2020 and 25 
May 2021, 804 patients were eli-
gible and consented to participate 
in this observational study. Of these 
804 patients, 758 (94.3%) could 
be included in the complete case 

analysis. Most patients among the 758 complete cases 
did not receive perioperative antibiotic prophylaxis 
(n = 735, 97.0%). Perioperative prophylaxis was given 
to 23 patients (3.0%), primarily for preventing infec-
tious endocarditis in 10 patients (43.5%), primarily for 
the prevention of surgical site infection in 13 patients 
(56.5%). Antibiotics used according to the European 
Society of Cardiology (7), the surgeon’s preference, and 
drug tolerability are listed in Table SI. A patient flow 
chart is shown in Fig. 1.

Tables I–II show a considerable imbalance of several 
patient and lesion characteristics between patients who 
received perioperative antibiotic prophylaxis and patients 
who did not.

Fig. 1. Patient flow chart. PAP: perioperative antibiotic prophylaxis; SSI: surgical site infection.

http://medicaljournalssweden.se/actadv
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Outcome analysis
In the group of 23 patients who received perioperative 
antibiotic prophylaxis, 1 of 45 lesions (2.2%) was di-
agnosed with surgical site infection within the 14-day 
post-operative follow-up period. In the group of 735 
patients who did not receive perioperative antibiotic 
prophylaxis, 76 of 1,189 lesions (6.4%) were diagnosed 
with surgical site infection within 14 days. With adjust-
ment for covariate imbalances through propensity score 
weighting, the odds ratio for the occurrence of a surgical 
site infection with the prescription of perioperative anti-
biotic prophylaxis was 0.114 (95% confidence interval 

(95% CI) 0.073–0.182; p <0.001) on the per lesion level. 
The number of lesions needed to treat in order to prevent 
1 surgical site infection was 17.6 (95% CI 16.8–19.2).

Sensitivity analysis
Of the 735 patients who did not receive perioperative 
antibiotic prophylaxis, 23 could be matched to the 23 
who received antibiotic prophylaxis. Patient and lesions 
characteristics in the groups can be compared in Tables 
SII–SIII. In the group of 23 matched patients who did 
not receive perioperative antibiotic prophylaxis, 7 of 
50 lesions (14.0%) were diagnosed with surgical site 
infection. Compared with the main analysis, the odds 
ratio for the occurrence of a surgical site infection with 
the prescription of perioperative antibiotic prophylaxis 
remained stable (odds ratio = 0.136; 95% CI 0.016–1.192; 
p = 0.072). The p-value showed a trend towards signifi-
cance (< 0.1) without falling below the significance level 
of 0.05, which is explained by a loss of power resulting 
from a reduction in sample size of 94% compared with 
the main analysis.

DISCUSSION

This prospective observational study revealed a reduction 
in the risk of surgical site infection in cutaneous surgery 
performed with perioperative antibiotic prophylaxis 
when adjustments were made for differences in patient 
and lesion characteristics between treated and untreated 
patients that arose due to non-random assignment. 

The shown effect of perioperative antibiotic prophy-
laxis on the incidence of surgical site infection should 
not be used to conclude that all patients undergoing 
cutaneous surgery should be treated with perioperative 
antibiotic prophylaxis. Antibiotics may lead to side-
effects at the individual patient level or the emergence 
of multidrug resistant bacteria at the epidemiological 
level (11). Given these risks, the number needed to treat 
to prevent 1 surgical site infection should be reasonably 
low. This can be accomplished by a reliable selection 
of patients with increased risk for surgical site infection 
as candidates for the administration of perioperative 
antibiotic prophylaxis. In this study, patients who did 
not receive perioperative antibiotic prophylaxis for the 
prevention of infective endocarditis, but for the preven-
tion of surgical site infection, were selected primarily 
based on clinical intuition because of heterogeneity in 
previously described risk factors (12–14). Future work 
should thus focus on defining accepted risk factors.

While the efficacy of perioperative prophylaxis in 
the reduction of surgical site infection has been shown 
with high evidence in general surgery (15–19) and other 
surgical disciplines (20–24), data available for cuta-
neous surgery are scarce. In a randomized controlled 
trial conducted in Australia and published in 2018, 154 

Table I. Patient characteristics

Characteristics

PAP

SMDNo (n = 735) Yes (n≈23)

Female, n (%) 346 (47.1) 11 (47.8) 0.015
Age, years, mean (SD) 64.78 (18.10) 74.43 (12.17) 0.626
Diabetes, n (%) 69 (9.4) 2 (8.7) 0.024
Hypertension (%) 328 (44.6) 17 (73.9) 0.624
BMI (mean (SD)) 26.03 (5.10) 26.38 (4.79) 0.071
Smoking, n (%) 0.124
 Absent 483 (65.7) 14 (60.9)
 Active 97 (13.2) 4 (17.4)
 Previous 155 (21.1) 5 (21.7)
Alcohol abuse, n (%) 81 (11.0) 3 (13.0) 0.062
Coronary artery disease, n (%) 73 (9.9) 2 (8.7) 0.043
Hypercholesterolaemia, n (%) 142 (19.3) 8 (34.8) 0.353
History of haematological cancer, n 
(%)

14 (1.9) 0 (0.0) 0.197

HIV, n (%) 12 (1.6) 0 (0.0) 0.182
Immunosuppression, n (%) 44 (6.0) 2 (8.7) 0.104
Glucocorticoid, n (%) 50 (6.8) 3 (13.0) 0.21
Biological, n (%) 27 (3.7) 0 (0.0) 0.276
Anticoagulation, n (%) 76 (10.3) 13 (56.5) 1.123
Antiplatelet, n (%) 117 (15.9) 5 (21.7) 0.149

PAP: perioperative antibiotic prophylaxis; SMD: standardized mean difference; 
SD: standard deviation.

Table II. Lesion characteristics

PAP

SMD
No (n = 1,189)
n (%)

Yes, (n = 45)
n (%)

Malignancy 663 (55.8) 23 (51.1) 0.093
Planned wound closure 0.334
 Simple, immediate 600 (50.5) 17 (37.8)
 Simple, delayed 114 (9.6) 7 (15.6)
 Flap, immediate 12 (1.0) 0 (0.0)
 Flap, delayed 97 (8.2) 4 (8.9)
 Graft, immediate 14 (1.2) 1 (2.2)
 Graft, delayed 110 (9.3) 6 (13.3)
 Secondary 242 (20.4) 10 (22.2)
Ulceration 101 (8.5)   7 (15.6) 0.218
Defect size >10 cm2 473 (39.8) 20 (44.4) 0.095
Localization 0.572
 Trunk 188 (15.8)   4 (8.9)
 Nose 125 (10.5) 11 (24.4)
 Ears 49 (4.1) 1 (2.2)
 Lips 36 (3.0) 1 (2.2)
 Upper extremity 43 (3.6) 0 (0.0)
 Lower extremity 51 (4.3) 2 (4.4)
 Hand 35 (2.9) 0 (0.0)
 Scalp 130 (10.9) 4 (8.9)
 Others 532 (44.7) 22 (48.9)
SSI (%)   76 (6.4)   1 (2.2) 0.206

PAP: perioperative antibiotic prophylaxis; SMD: standardized mean difference; 
SSI: surgical site infection.

http://medicaljournalssweden.se/actadv
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patients undergoing flap or graft closure following skin 
cancer excision on the ear or nose were randomized to 
perioperative antibiotic prophylaxis or placebo (25). The 
authors showed a significant reduction in surgical site 
infection by perioperative antibiotic prophylaxis and a 
number needed to treat of 9.8 on the patient level. The 
number needed to treat is lower than the number needed 
to treat revealed from the current data; however, the cur-
rent study calculated the number needed to treat on the 
per lesion level, which may, at least partially, explain this 
difference. The Australian study is limited by a restrict-
ed spectrum of dermatological surgeries and moderate 
sample size, but its randomized nature gives the study 
a relatively high level of evidence. The same applies to 
a study conducted at the same institution, in which 54 
patients undergoing lower limb skin lesion excision were 
randomized to perioperative antibiotic prophylaxis. The 
authors showed a trend towards a lower incidence of sur-
gical site infection in the group of patients who received 
perioperative antibiotic prophylaxis. The number needed 
to treat was 4.3 (26). In a retrospective chart review of 
271 patients undergoing Mohs micrographic surgery and 
wide local excisions below the knee, published in 2018 
(27), and a registry study with data of 816 Mohs cases 
collected by the American College of Mohs Surgery, pub-
lished in 2019 (27), no significant difference in infection 
rate between patients receiving perioperative antibiotic 
prophylaxis and patients who did not was found, which 
is contrary to the current study result. The latter 2 studies 
are limited primarily by their retrospective nature. 

Study strengths and limitations
The current study gains strength of evidence by virtue 
of its prospective nature, its relatively high sample size, 
broad spectrum of dermatological surgical procedures 
included, and covariate adjustment by both classic 
propensity score weighting and multilevel matching to 
account for non-randomized treatment assignment. 

Regarding limitations, the sample size was relatively 
high in total, but only a small minority of patients re-
ceived perioperative antibiotic prophylaxis, resulting in 
inequality in size between the intervention and control 
group. This did not prevent the inclusion of all patients 
in the main analysis using propensity score weighting, 
but the majority of patients could not be included in the 
sensitivity analysis after matching patients. While the 
odds ratio for the occurrence of a surgical site infection 
when perioperative antibiotic prophylaxis was prescribed 
remained stable in the sensitivity analysis, the loss of 
power due to the exclusion of the majority of patients 
resulted in a trend toward significance in the sensitivity 
analysis without overcoming the hurdle of the signifi-
cance level. Both propensity score weighting and mat-
ching aim at reducing covariate imbalance and allow the 
estimation of causal effects. However, both propensity 

score weighting and matching cannot rule out residual 
imbalance in covariates, which may have larger effects 
when groups are unequally sized. Randomization ensures 
covariate balance with a higher degree of confidence, 
especially of unobserved covariates. 

Conclusions
This prospective observational analysis of 758 patients 
undergoing cutaneous surgery shows a reduction in the 
risk of surgical site infection by perioperative antibiotic 
prophylaxis. To decrease the number needed to treat 
to prevent a surgical site infection and, through this, 
avoid unnecessary side-effects, including the spread of 
multidrug resistant bacteria, targeted use of perioperative 
antibiotic prophylaxis should be preferred to widespread 
use. Future work should focus on defining accepted risk 
factors for surgical site infection in cutaneous surgery 
and establishing guidelines for the use of perioperative 
antibiotic prophylaxis based on risk factors and the ef-
ficacy of perioperative antibiotic prophylaxis.
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