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Summary Background: Although guidelines for antibiotic prophylaxis to prevent surgical site
infections (SSIs) exist, specific guidelines for plastic surgery are missing and there is a tendency
towards excessive administration of antibiotics.

A total of 1100 patients were prospectively studied according to an evidence-based protocol
to investigate if limiting antibiotic prophylaxis to high-risk cases does increase the infection
rate.
Methods: Between April 2009 and April 2010, 1100 consecutive patients undergoing elective
reconstructive or cosmetic procedures were enrolled.

Procedures were classified into four groups, and prophylactic antibiotics were only adminis-
tered perioperatively in 23.4% of cases, according to patient-related and procedure-related
risk factors.
Results: The overall SSI incidence was 1.4% (1.1% for clean surgery and 3.8% for clean-
contaminated surgery). Oral oncologic surgery showed the highest infection rate (5.3%).
Conclusions: Specific guidelines are provided to encourage judicious use of antibiotics.

Antibiotic prophylaxis is administered based on the type of operation and the patient’s
characteristics. No prophylaxis was carried out in superficial skin surgery and simple
mucosal excisions.

Antibiotic prophylaxis is always indicated in microsurgery, prosthetic surgery, inci-
sional hernias, clean non-prosthetic osteoarticular surgery and clean-contaminated
procedures such as oral cavity or genitourinary system.

In clean surgery and rhinoplasty, antibiotic prophylaxis is only indicated when the
operation lasts more than 3 h and/or the American Society of Anesthesiologists (ASA)
score is 3 or more.
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With the protocol reported, the risk of infection can be kept very low, avoiding the
negative effects of indiscriminate use of antibiotics.
ª 2011 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.
Table 1 Classification of procedures.

Classification Description

Clean Uninfected operative wound
No acute inflammation
Closed primarily
Respiratory, gastrointestinal,
biliary, and urinary tracts
not entered
No break in aseptic technique

Clean-contaminated Elective entry into respiratory,
biliary, gastrointestinal, urinary
tracts and with minimal spillage
No evidence of infection or major
break in aseptic technique

Contaminated Non purulent inflammation present
Gross spillage from
gastrointestinal tract
Penetrating traumatic wounds <4 h
Major break in aseptic technique

Dirty Purulent inflammation present
Preoperative perforation of viscera
Penetrating traumatic wounds >4 h
Prevention of surgical site infection (SSI) is of great concern
in surgery. The SSI rate reported by the Center for Disease
Control and Prevention (CDC) is 2.7%, representing the
second most common cause of nosocomial infection and
accounting for 14e16% of all hospital-acquired infections.1

Prophylactic administration of antibiotics aims at pre-
venting extrinsic or intrinsic bacterial contamination of the
surgical site from developing into postoperative infection,
and has demonstrated its efficacy in reducing the SSI rate.2

Even though several guidelines on perioperative antibi-
otic prophylaxis3e7 exist, massive antibiotic prescriptions
are still a widespread practice among surgeons: prophy-
lactic antibiotics administered in surgical departments
represent approximately 40e50% of the antibiotics
prescribed in hospitals.8

In the field of plastic surgery, several studies have
evaluated the efficacy of prophylactic antibiotics in
different types of operations,9e15 but no specific guideline
has been unanimously accepted.15e18 Even though the risk
of infection is very small, a postoperative infection may
seriously compromise cosmetic and functional results,
facilitate other complications (e.g., oro-cutaneous fistulae
in oral cavity cancers and capsular contracture in breast
augmentation), delay healing and recovery and prolong
hospitalisation. This is probably the reason why wide-
spread, and often prolonged, administration of antibiotics
is still a common practice, despite scientific evidence for its
uselessness.

Moreover, the use of antibiotics is not devoid of
complications. Evidence exists that indiscriminate use of
these drugs increases the prevalence of antibiotic-resistant
bacteria, predisposes patients to opportunistic infections
and exposes the patient to possible allergic reactions.

Due to the absence of specific guidelines, plastic
surgeons are generally reluctant to approve a new
prophylactic regimen for fear of a higher risk of infection,
and administration of antibiotics is often left to personal
preference of the surgeon.19,20

To evaluate the incidence of infection when an appro-
priate, evidence-based, protocol is applied to elective
plastic surgical procedures, we have started a prospective
study based on the 2008 ‘Perioperative antibiotic prophy-
laxis in adults’7 guidelines of the Italian National Guideline
Programme.

Patients and methods

Between April 2009 and April 2010, a prospective study was
conducted in the plastic surgery department of the
University Hospital Paolo Giaccone in Palermo. A total of
1100 consecutive patients undergoing an elective clean or
clean-contaminated surgical procedure (according to
Culver’s definition)21 were enrolled (Table 1).
Contaminated or dirty procedures, patients under antibi-
otic therapy and patients requiring postoperative recovery
in an intensive care unit were excluded, and 978 patients
were finally included in the study (Table 2).

A total of 550 were males and 428 females. Mean age
was 58.1 years (range 18e100 years). American Society of
Anesthesiologists (ASA) score was �3 in 224 patients
(22.9%). There were 89 diabetic patients (9.1%) and 216
smokers (22.1%); 351 patients (35.9%) were overweight
(body mass index (BMI) between 25 and 29.9 kg m�2)
and 259 patients (26.5%) were obese (BMI > 30 kg m�2)
(Table 3).

Mean total and preoperative length of hospital stay were
5.2 days (range 1e50 days) and 2 days (range 0e21 days),
respectively. A total of 816 procedures were classified as
clean and 132 as clean-contaminated. Mean duration of
operations was 79.6 min (range 5e840 min); drains were
used in 252 patients (25.8%).

Procedures were divided into four groups, according to
site and type of the procedure, and use of prosthetic
implants; existing guidelines for each surgical procedure
were analysed, and procedures with the same recommen-
dations were grouped together (Table 4).

Group 1 included superficial skin surgery and simple
mucosal excision; group 2 included clean surgical proce-
dures and rhinoplasty (excluding patients assigned to other
groups); clean microsurgical procedures, prosthetic



Table 4 Division in groups based on the surgical
operation.

Group Types of operation

1 Superficial skin surgery (e.g. simple excision,
local flaps, grafts) and mucosal excisions

2 Clean procedures (head and neck, breast,
limbs, lymphadenectomy and lymph node
dissections, peripheral nerves, cosmetic
procedures) and rhinoplasty

3 Microsurgery, prosthetic surgery, incisional
hernia and clean non-prosthetic
osteoarticular surgery

4 Clean-contaminated procedures (oral cavity
and genitourinary system)

Table 2 Flow-chart showing selection of patients.
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implants, incisional hernias and clean non-prosthetic
osteoarticular surgery were classified as group 3, while
clean-contaminated procedures on the oral cavity and the
genitourinary system as group 4 (Table 4). There were 517
patients in group 1, 287 in group 2, 79 in group 3 and 95 in
group 4.

The prophylaxis protocol followed the Italian National
guidelines7 and prophylactic antibiotics were administered
Table 3 Characteristics of the study population.

Characteristics of the study population N Z 978

Gender, n (%)
Females 428 (43.8)
Males 550 (56.2)
Age in years, mean � SD 58.1 � 20.5

ASA score, n (%)
1 167 (17.1)
2 587 (60)
3 222 (22.7)
4 2 (0.2)

Diabetes, n (%)
Yes 89 (9.1)
No 889 (90.9)

Smoking as cigarettes per day, n (%)
0 762 (77.9)
1 to 10 82 (8.4)
11 to 20 112 (11.5)
more than 20 22 (2.2)

BMI, n (%)
<18.5 27 (2.8)
18.5e24.9 341 (34.9)
25e29.9 351 (35.9)
>30 259 (26.5)
according to patient-related and procedure-related risk
factors. In group 1, no patient received antibiotics (0%); in
group 2, only patients with ASA score �3 or length of the
intervention >3 h received antibiotics (34.1%); and in group
3 and 4 all patients received antibiotics (100%). As many as
229 of 978 patients (23.4%) eventually received antibiotic
prophylaxis.

When indicated, a single dose of antibiotic was admin-
istered intravenously (IV) 30e60 min before incision or
tourniquet inflation: cefazoline 2 g in groups 2 and 3 and
amoxicillin clavulanate 2.2 g in group 4. Patients allergic to
betalactams received clindamycin 600 mg, plus gentamycin
3 mg kg�1 in group 4. A second intra-operative dose of
antibiotic was given in operations lasting double the half-
life of the drug administered, if blood loss during surgery
had exceeded 1500 ml or if blood dilution has exceeded
15 ml kg�1. An additional dose of antibiotic was adminis-
tered in group 4 in operations lasting more than 7 h. Gen-
tamycin was never repeated (Table 5). A single intra-
operative dose of cefazoline was administered in group 2,
for operations that were expected to last less than 3 h but
were prolonged beyond that time.

Dressings were maintained sterile for at least 24 h;
mucosal disinfectants were prescribed every 8 h after
clean-contaminated procedures.

Outpatient post-discharge surveillance went on for 30
days postoperatively (6 months for prosthetic surgery). SSI
rate was evaluated for each group, according to CDC’s NNIS
(National Nosocomial Infections Surveillance) System
standardised surveillance criteria.22 Samples were obtained
from infected wounds, and culture-guided antibiotic
therapy was administered.
Statistical analysis

All data collected were entered in an Excel spreadsheet
and analysed using the R statistical software package (R
Development Core Team, 2005). Absolute and relative
frequencies were calculated for qualitative variables, while
quantitative variables were summarised as
mean � standard deviation. Categorical variables were
analysed using the c2 test (ManteleHaenszel) whereas
means were compared with the Student t-test or one-way
analysis of variance (ANOVA) test. Variables found to have



Table 5 Antibiotic prophylaxis protocol scheme.

Group Antibiotic Alternative in patients allergic to betalactams

1 e e

2 Only if ASA �3 or duration of the procedure >3 h, clindamycin 600 mgb

cefazoline 2 ga

3 cefazoline 2 ga clindamycin 600 mgb

4 amoxicillin/clavulanate 2.2 g (1.2 g if weight<50 kg)a gentamycin 3 mg/kg þ clindamycin 600 mgb

(do not repeat gentamycin)If duration of the procedure >7 h repeat 3 h and 15 h
after the first dose

a Repeat if duration of the procedure >3 h, if blood loss >1500 ml or if blood dilution >15 ml/kg.
b Repeat if duration of the procedure >6 h, if blood loss >1500 ml or if blood dilution >15 ml/kg.

Table 7 Univariate analysis on factors involved in noso-
comial infections.

Factor Subjects
with
infections

Subjects
without
infections

p-value

Total 14 (1.4) 964 (98.6)
Age in years, n (%)
<40 3 (1.4) 213 (98.6) 0.99
40 to 59 4 (1.7) 235 (98.3)
60 to 79 5 (1.4) 361 (98.6)
>79 2 (1.3) 155 (98.7)

Gender, n (%)
Females 6 (1.4) 422 (98.6) 0.95
Males 8 (1.5) 542 (98.5)

BMI, n (%)
<18.5 1 (3.7) 26 (96.3) 0.06
18.5e24.9 9 (2.6) 332 (97.4)
25e29.9 3 (0.9) 348 (99.1)
>29.9 1 (0.4) 258 (99.6)

Diabetes, n (%)
Yes 1 (1.1) 88 (98.9) 0.80
No 13 (1.5) 876 (98.5)

Smoking as cigarettes per day, n (%)
0 7 (0.9) 755 (99.1) 0.03
1 to 10 2 (2.4) 80 (97.6)
more than 10 5 (3.7) 129 (96.3)

ASA score
<3 9 (1.2) 745 (98.8) 0.19
�3 5 (2.2) 219 (97.8)

Preoperative hospital stay in days, n (%)
0e2 6 (0.8) 728 (99.2) <0.01
>2 8 (3.3) 236 (96.7)

Length of the procedure in minutes, n (%)
<60 2 (0.4) 502 (99.6) <0.001
60e180 4 (1.1) 363 (98.9)
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an association (p-value < 0.05) with nosocomial infection in
the univariate analysis were included in a multivariate
logistic-regression model to check for independent
associations.

Results

The overall incidence of SSI was 1.4% (14/978 infections).
The infection rate was 1.1 for clean surgery (9/816) and 3.8
for clean-contaminated surgery (5/132). Oral oncologic
surgery showed the highest rate of infection (5.3%). All
infections were superficial. No deep or organ/space SSI was
observed. Two patients (14.3%) needed re-hospitalisation
and further surgical intervention because of their SSI.

Staphylococcus aureus was responsible for 65% of
infections (nZ 9), Pseudomonas aeruginosa for 14% (nZ 2)
and Enterobacteriacae (Enterobacter cloacae, Escherichia
coli, Proteus and Citrobacter koseri) for 21% (n Z 3).

Tables 6 and 7 show infection rates in the different
groups, and according to the presence of risk factors.
Cigarette smoking, preoperative length of hospital stay,
class and length of the procedure and the use of drains
were found to have an association with the infection rate in
univariate analysis, but in multivariate analysis, only ciga-
rette smoking and length of the procedure were statisti-
cally significant risk factors (Table 8). Univariate inter-
group analysis was performed (Table 9), but, due to the
small number of infections, we have preferred to avoid
multivariate analysis of each group.

Discussion

Most elective plastic surgery procedures are clean and
clean-contaminated.

The population studied is representative of the average
activity of an elective plastic surgery department.
Contaminated or dirty procedures represent less than 10%
Table 6 Infection rates divided by group.

Surgical group Subjects with
infections, n (%)

Subjects without
infections, n (%)

1 5 (1) 512 (99)
2 3 (1) 284 (99)
3 1 (1.3) 78 (98.7)
4 5 (5.3) 90 (94.7)

181e360 6 (6.9) 81 (93.1)
>360 2 (10) 18 (90)

Class of the procedure, n (%)
clean 9 (1.1) 837 (98.9) <0.01
clean-contaminated 5 (3.8) 127 (96.2)

Drains, n (%)
yes, open 2 (3) 64 (97) <0.01
yes, closed 7 (3.8) 179 (96.2)
no 5 (0.7) 721 (99.3)



Table 8 Multivariate analysis on factors associated
(p < 0.05) with nosocomial infection.

Factor Adj OR 95% CI p-value

Smoking as cigarettes per day
0 referent
1 to 10 1.95 0.34e11.09 0.45
more than 10 4.08 1.18e14.08 0.026*

Preoperative hospital stay in days
0e2 referent
more than 2 2.87 0.91e9.1 0.073

Duration of operation in minutes
<60 referent
60e180 2.7 0.4e19.3 0.339
>180 4.7 2.8e785.4 0.009**

Surgical procedure, n (%)
clean referent 0.06
clean-contaminated 3.37 0.95e11.96

Drains, n (%)
yes, open 2.52 0.36e17.85 0.35
yes, closed 1.21 0.24e6.18 0.82
no referent

*p-value<0.05 **p-value<0.01.
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of the cases and antibiotic administration is decided case
by case.

Infection risk is generally low, and indications for anti-
biotic prophylaxis include clean-contaminated proce-
dures,9,23 prosthetic surgery12,24 and clean procedures with
a high infection risk.21 There is no consensus on which
procedures should be considered at increased risk for
infections, and on appropriate duration of coverage.16,25

According to the CDC guidelines for prevention of SSI26

and to the NNIS data,21,27 the infection risk depends
mainly on class and length of the procedure and on co-
morbidities. Other important factors are length of preop-
erative hospital stay4 and use of prosthetic implants.24

Despite general guidelines and criteria for SSI prophy-
laxis being available, specific guidelines for plastic surgery
are missing. Even in the above-mentioned Italian guide-
lines, plastic surgery is not mentioned in the guidelines.
Probably the reason is that, rather than focussing on
a specific organ or district, plastic surgery has its specific
techniques that are applied to different parts of the body.
Thus, we had to extrapolate guidelines for SSI prophylaxis
in plastic surgery from those of other specialities.

Differently from other surgical specialities, plastic
surgery is often focussed on the cosmetic outcome and
often deals with implant positioning. For these reasons,
there is a general tendency towards inappropriate use
of antibiotics with the belief that they would prevent
detrimental infections. Furthermore, we are among the
surgeons with the highest risk of lawsuits, and it is often
a defensive attitude to administer a full course of antibi-
otics. However, these are not scientifically valid criteria.

The end point of this study was to determine the
infection rate when an evidence-based protocol is applied
to elective plastic surgery procedures. A control population
was not included in this study and infection rates from the
plastic surgical literature were used as a control.
The secondary end point was to provide guidelines for
plastic surgeons to encourage judicious use of antibiotics.

The patients were divided in groups according to the
NNIS index score21 criteria, namely the class of the proce-
dure (clean or clean-contaminated), its length and the ASA
score of the patient.

The overall incidence of SSI was 1.4%, with a 1.1% rate
for clean surgery and a 3.8% for clean-contaminated
surgery, which is lower than data reported in the litera-
ture. ASA score �3, obesity and diabetes are often indi-
cated as risk factors for infection21,28,29; however, in our
study, no statistically significant difference was found
between obese and normal weight patients (p Z 0.06), or
in patients with diabetes (p Z 0.80) or ASA score � 3
(p Z 0.19).

Smoking behaviour, preoperative hospital stay, class and
length of the procedure and use of drains were significantly
associated with an increased risk for infection in a univar-
iate analysis (Table 7). Infection rate was higher in patients
with ASA score �3 (2.2 vs. 1.2), but this difference did not
reach statistical significance. This can partly be due to the
protective role of antibiotic prophylaxis administered on
the basis of the ASA score. Multivariate analysis showed
that only duration of the procedure of more than 3 h and
cigarette smoking significantly increased the infection risk
(p < 0.01 and p Z 0.03, respectively, Table 8).

The class of the procedure and the use of drains did not
reach statistical significance, but they show a tendency
towards an increased infection risk. Clean-contaminated
surgery showed an increased risk for infection that was
quite close to statistical significance (p Z 0.06). Even
though still not significant, an odds ratio (OR) of 3.37
quantifies the additional risk related to these procedures.

In this series, prophylactic antibiotics were used in most
clean-contaminated procedures (with the exception of
minor surgery and rhinoplasty) while no antibiotics were
used in most clean procedures: this might have reduced the
difference between the two groups.

The use of closed drains also shows a tendency towards
increasing the infection risk (OR: 1.21), which doubles with
open drains (OR: 2.52), even though statistical significance
was not reached (p Z 0.82 and 0.35, respectively).

Data from the literature concerning SSI in plastic surgery
are limited and show variable results. Drapeau30 reported
a 3% infection rate, while Andenaes31 reported a 10.2% rate
for clean procedures and a 37.5% rate for clean-
contaminated procedures; others report a 3.0e4.7% infec-
tion rate for hand surgery29,32 and a 3.8e20% rate for breast
surgery.11,14 Infection rates as high as 22% for upper aero-
digestive tract oncologic surgery23 and 40.6% for oral cancer
surgery with microvascular reconstruction33 have been
reported. Data coming from retrospective reviews are not
homogeneous for type of procedure and antibiotic
regimen.29e31

Prospective studies,14,23,32,34,35 did only investigate
specific operations or body regions and thus a protocol
applicable to all elective plastic surgical procedures could
not be obtained from those studies.

If the data from our study are compared with the data
available in the literature, the infection rate is lower in all
cases, especially in cases of oral oncologic surgery, which
carry the highest infection risk (up to 22%)9,23(Table 10).



Table 9 Univariate inter-group analysis on factors involved in nosocomial infections.

Group 1 (n Z 517)
Infected//Total (%)

p Group 2 (n Z 287)
Infected//Total (%)

p Group 3 (n Z 79)
Infected//Total (%)

p Group 4 (n Z 95)
Infected//Total (%)

p All groups (n Z 978)
Infected/Total (%)

p

Total 5/517 (1) 3/287 (1) 1/79 (1.3) 5/95 (5.3) 14/978 (1.4)
Age in years, n (%)
<40 1/63 (1.6) 0.94 2/102 (2) 0.51 0/35 (0) 0.70 0/16 (0) 0.92 3/216 (1.4) 0.86
40 to 59 1/95 (1.1) 0/91 (0) 1/31 (3.2) 2/22 (9.1) 4/239 (1.7)
60 to 79 1/224 (0.4) 1/84 (1.2) 0/13 (0) 3/45 (6.7) 5/366 (1.4)
>79 2/135 (1.5) 0/10 (0) 0/0 (0) 0/12 (0) 2/157 (1.3)

Gender, n (%)
Females 1/183 (0.5) 0.66 1/148 (0.7) 0.61 1/63 (1.6) 1 3/34 (8.8) 0.34 6/428 (1.4) 0.95
Males 4/334 (1.2) 2/139 (1.4) 0/16 (0) 2/61 (3.3) 8/550 (1.5)

BMI, n (%)
<18.5 1/8 (12.5) 0.14 0/8 (0) 0.26 0/7 (0) 0.58 0/4 (0) 0.16 1/27 (3.7) 0.06
18.5e24.9 2/163 (1.2) 2/98 (2) 1/40 (2.5) 4/40 (10) 9/341 (2.6)
25e29.9 1/207 (0.5) 1/98 (1) 0/18 (0) 1/28 (3.6) 3/351 (0.9)
>29.9 1/139 (0.7) 0/83 (0) 0/14 (0) 0/23 (0) 1/259 (0.4)

Diabetes, n (%)
Yes 0/60 (0) 0.53 0/23 (0) 1 0/2 (0) 1 1/4 (25) 0.20 1/89 (1.1) 0.80
No 5/457 (1.1) 3/264 (1.1) 1/77 (1.3) 4/91 (4.4) 13/889 (1.5)

Smoking as cigarettes per day, n (%)
0 4/432 (0.9) 0.66 0/207 (0) <0.01 0/51 (0) 0.57 3/72 (4.2) 0.57 7/762 (0.9) <0.01
1 to 10 0/29 (0) 0/33 (0) 1/13 (7.7) 1/7 (14.3) 2/82 (2.4)
More than 10 1/56 (1.8) 3/47 (6.4) 0/15 (0) 1/16 (6.3) 5/134 (3.7)

ASA score
< 3 2/359 (0.56) 0.17 2/252 (0.8) 0.32 1/69 (1.5) 1 4/74 (5.4) 1 9/754 (1.2) 0.19
�3 3/158 (1.9) 1/34 (2.9) 0/10 (0) 1/21 (4.8) 5/224 (2.2)

Preoperative hospital stay in days, n (%)
0e2 2/407 (0.5) 0.07 2/200 (1) 1 1/60 (1.7) 1 1/67 (1.5) 0.02 6/734 (0.8) <0.01
>2 3/110 (2.7) 1/87 (1.1) 0/19 (0) 4/28 (14.3) 8/244 (3.3)

Length of the procedure in minutes, n (%)
<60 2/353 (0.6) 0.049 0/81 (0) 0.11 0/8 (0) 0.63 0/62 (0) <0.01 2/504 (0.4) <0.01
60e180 2/153 (1.3) 1/142 (0.7) 0/50 (0) 1/22 (4.5) 4/367 (1.1)
181e360 1/10 (10) 2/57 (3.5) 1/14 (7.1) 2/6 (33.3) 6/87 (6.9)
>360 0/1 0/7 (0) 0/7 (0) 2/5 (40) 2/20 (10)

Class of the procedure, n (%)
clean 5/505 (1) 1 3/261 (1.1) 1 1/79 (1.3) e 0/11 (0) 1 9/846 (1.1) <0.01
clean-contaminated 0/12 0/26 (0) 0/0 5/84 (6) 5/132 (3.8)

Drains, n (%)
yes, open 1/31 (3.2) 0.02 0/32 (0) 0.89 0/2 (0) 0.55 1/1 (100) <0.01 2/66 (3) <0.01
yes, closed 1/14 (7.1) 2/112 (1.8) 1/51 (2) 3/9 (33.3) 7/186 (3.8)
no 3/472 (0.6) 1/143 (0.7) 0/26 (0) 1/85 (1.2) 5/726 (0.7)
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Some authors consider antibiotic prophylaxis unneces-
sary for most plastic surgery procedures. Baran et al.36

report comparable infection rates among patients under-
going clean or clean-contaminated procedures treated with
prophylactic antibiotic or placebo. Aydin32 discourages
routine use of prophylactic antibiotics in hand surgery. In
both studies, high-risk patients were excluded, and
received appropriate prophylactic regimen. High-risk
patients were considered to be all patients with co-
morbidities such as diabetes, obesity and liver or kidney
disease, to quote a few. These factors can only contribute
to define a high-risk patient when, all together, they make
the patient reach an ASA score of 3 or more.21 In our study,
diabetes and obesity alone did not show a statistically
significant infection risk. This does not mean that diabetes
and obesity do not carry an additional infection risk, but
that their presence is not an indication for prophylaxis. The
criteria to establish the risk of infection used in our study
take into account not only the patient-related risk but also
the procedure-related risk. Both factors, in fact, contribute
to the infection risk.

If high-risk cases are excluded, as in Baran and Aydin
studies, no prophylaxis is needed. We agree with them in
this, but having excluded high-risk patients from their
study, they did not provide data that can be generalised to
the whole population of patients that are routinely treated
in a plastic surgical department, but only to a selected
population.

In our study, we have tried to collect a population
representative of the average population of a general
plastic surgery department. Within this population,
a minority of cases needed antibiotic prophylaxis (23.4%).
In this article, we try to provide guidelines on how to
identify and treat cases at risk for infection.

Aydin et al.32 do not provide conclusive data on the
evaluation of infection risk for procedures longer than 2 h,
while our study demonstrates that a duration of more than
3 h carries significant infection risk. In our series, high-risk
patients were not only included in the study, but also
received no antibiotics when undergoing low-risk proce-
dures, with an infection rate comparable to, if not lower
than, the above-mentioned studies.

In our protocol, procedures are divided in four groups
according to the procedure-related risk. Antibiotic
prophylaxis is generally not indicated37 for superficial
procedures, because of the low rate of infections (<3%).

The 1% infection rate in group 1 of our study confirms
this finding. It is worthy of note that in this group both low-
Table 10 Infection rate.

Infection rate
(our study, %)

Infection rate
(literature
data, %)

Clean surgery 1.1 10.2
Skin surgery 1 <3
Hand surgery 1 3e4.7
Breast surgery 1 3.8e20

Clean-contaminated
surgery

3.8 37.5

Oral oncologic surgery 5.3 22e40.6
and high-risk patients receive no prophylaxis and have
comparable rates of infection. Although some authors38 still
consider prophylaxis for selected procedures such as skin
grafts or flaps on the nose, we believe that antibiotic
administration can be safely avoided in all superficial
procedures.

Group 2 includes clean procedures. Antibiotic prophylaxis
is not generally indicated in clean procedures. Prophylaxis is
administered according to the protocol in Table 4 only to
high-risk patients and/or when the procedure lasts more
than 3 h. With this regimen, the infection rate is 1%, lower
than what is generally reported for these patients.11,14,29e32

This might be related to prophylaxis administration in cases
lasting more than 3 h, a variable that, to the best of our
knowledge, has not been unanimously recognised to be
influent in the plastic surgical literature.32,36,39

Group 3 includes microsurgical procedures, prosthetic
surgery, incisional hernias and clean, non-prosthetic
osteoarticular surgery. All patients undergo antibiotic
prophylaxis, with a 1.3% infection rate. Even though the
infection rate is low (but this is partly due to the use of
prophylaxis), the adoption of prophylaxis is justified by the
detrimental consequences of an infection in these cases
(e.g., need for re-operation, risk of systemic infections in
microvascular surgery, need for implant removal, space
infections and osteomyelitis).

Group 4 includes clean-contaminated procedures. All
patients undergo antibiotic prophylaxis. Not surprisingly,
the infection rate in our series was 5.3%.

Prophylactic use of antibiotics is justified by the high
infection risk.

In low-risk procedures no antibiotic prophylaxis is
needed, while in high-risk procedures antibiotic prophy-
laxis is mandatory. Indiscriminate use of antibiotics,
either not indicated or extended to the postoperative
period, not only carries no advantage in terms of pre-
venting infections, but also increases infection risk, as
reported by Khan in a retrospective study in augmenta-
tion mammaplasty.40 Moreover, multi-drug resistances
(MDRs), opportunistic infections and allergic reactions
became more frequent.

The results reported prove that, by applying an
evidence-based protocol of antibiotic prophylaxis to
general elective plastic surgical procedures, the risk of
infection can be kept very low (even lower than other series
in the literature), avoiding the negative effects of indis-
criminate use of antibiotics.
Conclusions

Elective plastic surgical procedures must be differentiated
based on the risk of infection and antibiotic prophylaxis
must be administered accordingly.

Based on our data the protocol described in this article is
safe.

Selection of patients who need antibiotic prophylaxis is
based on patient-related and procedure-related criteria
and can be summarised as follows:

� No prophylaxis in superficial skin surgery and simple
mucosal excisions, regardless of the co-morbidities.
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� Antibiotic prophylaxis is always indicated in microsur-
gical operations, prosthetic surgery, incisional hernias,
clean non-prosthetic osteoarticular surgery and clean-
contaminated procedures such as the oral cavity or
the genitourinary system (other than simple excisions),
regardless of the co-morbidities. In clean surgery and
rhinoplasty, antibiotic prophylaxis is only indicated
when the operation lasts more than 3 h and/or ASA
score is 3 or more.

The application of the SSI prophylaxis protocol for
plastic surgery described above allows keeping SSI risk very
low (overall 1.4%), to prevent the increase in MDR, in
opportunistic infections and in allergic reactions associated
with indiscriminate use of antibiotics and, last but not
least, to lower costs.
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