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Abstract

Postoperative wound infection in dermatologic surgery causes impaired wound
healing, poor cosmetic outcome and increased morbidity. Patients with a high-
risk profile may benefit from perioperative antibiotic prophylaxis. The objec-
tive of this systematic review was to identify risk factors for surgical site infec-
tion after dermatologic surgery. In this article, we report findings on patient-
dependent risk factors. The literature search included MEDLINE, EMBASE,
CENTRAL and trial registers. We performed meta-analysis, if studies reported
sufficient data to calculate risk ratios with 95% confidence intervals. Study
quality was assessed according to the Newcastle-Ottawa-Scale. Seventeen
observational studies that analysed 31213 surgical wounds were eligible for
inclusion. Fourteen studies qualified for meta-analysis. Nine studies showed
good, three fair and five poor methodological quality. The reported incidence
of surgical site infection ranged from 0.96% to 8.70%. Meta-analysis yielded
that male gender and immunosuppression were significantly associated with
higher infection rates. There was a tendency towards a higher infection risk
for patients with diabetes, without statistical significance. Meta-analysis did
not show different infection rates after excision of squamous cell carcinoma or
basal cell carcinoma, but studies were substantially heterogenous. There was
no significant association between risk for wound infection and smoking, age
over 60 years, oral anti-aggregation or anti-coagulation or excision of malig-
nant melanoma. In conclusion, the risk for surgical site infection in dermato-
logic surgery is low. Infection rates were increased significantly in male as well
as immunosuppressed patients and non-significantly in diabetics.
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Key Messages

1 | INTRODUCTION

Surgical site infection (SSI) causes impaired wound
healing and increased morbidity. Given the low incidence
of SSI in dermatologic surgery, there is an ongoing
debate, whether perioperative antibiotic prophylaxis
(PAP) is appropriate.” In addition, it remains unclear if
PAP may sufficiently prevent SSI.>* According to a con-
sensus statement, PAP may be considered in certain
high-risk procedures involving specific body sites, such as
the nose, lips or ears, among others.* Thus, patients with
multiple risk factors for SSI may benefit from antibiotic
prophylaxis. To assess the efficacy of PAP in clinical stud-
ies, relevant risk factors need to be identified. Therefore,
we performed a systematic review and meta-analysis to
critically summarise the current evidence. In this article,
we report our results on patient-related risk factors.

2 | METHODS

We conducted a systematic literature search in May 2021,
which included MEDLINE, Embase, Cochrane Central
Register of Controlled Trials (CENTRAL) and the follow-
ing trial registers: controlled-trials.com, ClinicalTrials.
gov, http://www.anzctr.org.au, www.who.int/trialsearch/,
and clinicaltrialsregister.eu. The search string is
provided as supplement (Appendix S1). The search for
relevant records also included the reference lists of
included studies. Prior to this review, a protocol was
published in PROSPERO, the international prospective
register of systematic reviews (CRD42020180435).
Differences between review and protocol are provided
as supplement (Appendix S2).

Observational studies, controlled clinical trials and
case—control trials were feasible for inclusion. A table
which summarises the reasons for exclusion of identified
studies is provided as a supplement (Appendix S3).

Two authors (J.G.S., K.P.) screened titles and
abstracts that were identified by database searches. Both
authors also independently analysed full texts of all
potentially relevant titles and abstracts. Only one author

« dermatologic surgeons frequently and inconsistently use perioperative anti-
biotic prophylaxis, despite low rates of wound infection

« we performed a systematic review and meta-analysis in order to summarise
the current evidence on risk factors for surgical site infection in skin surgery

« this article focusses on patient-related risk factors

« infection rates are higher in men and immunosuppressed patients and non-
significantly increased in individuals with diabetes

(J.G.S.) searched in trial registers for potentially feasible
ongoing records. Relevant study data were independently
extracted by three authors (J.G.S., K.P., V.R.) by using an
internally piloted data extraction sheet (Microsoft Excel
2010). The risk of bias of all included studies was assessed
by the same three authors using the Newecastle-Ottawa-
Scale (NOS).> We graded the study quality as ‘good’,
‘fair’ or ‘poor’ based on thresholds as proposed by
McPheeters et al.®

Studies qualified for meta-analysis, if authors pro-
vided sufficient data to calculate risk ratios (RR) for the
following factors: age over 60 years, gender, diabetes,
immunosuppression, smoking, excision of malignant
melanoma, basal cell carcinoma (BCC) or squamous cell
carcinoma (SCC), as well as anti-coagulation or anti-
platelet medication. We used the random-effects models
with the Mantel-Hanszel method for data synthesis, as
we expected clinical and methodological heterogeneity
between studies. The I*-index served to quantify hetero-
geneity. As recommended by the Cochrane Collabora-
tion, we interpreted values of I between 0% and 40% as
not important, 40% and 60% as moderate, 60% and 90% as
substantial and 90% and 100% as considerably heteroge-
neous.” We intended to explain substantial heterogeneity
among the studies by differences in design, cohort or sur-
gical setting. We presented study results narratively, if
studies did not provide feasible statistical information to
be included for meta-analysis. Statistical analysis was per-
formed in R statistics, version 4.0.3, R Foundation for Sta-
tistical Computing.

3 | RESULTS
We identified 17 feasible observational studies that
analysed 31213 surgical wounds (Figure 1).*** Fourteen
studies qualified for meta-analysis. The reasons for exclu-
sion of other identified studies are summarised in Appen-
dix S3.

Table 1 summarises the characteristics of the included
studies. Most studies were conducted in dermatology
departments, while two studies were performed in


http://controlled-trials.com
http://clinicaltrials.gov
http://clinicaltrials.gov
http://www.anzctr.org.au
http://www.who.int/trialsearch/
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surgery and general medicine, respectively. The incidence
of SSI ranged from 0.96% to 8.70%. The smallest study
included 134 and the largest 5091 surgical procedures.
Seven studies focussed on interventions in the ambula-
tory and six on the inpatient setting. Four studies
included both in- and outpatients for analysis.

Based on the NOS, nine studies showed good, three
fair and five poor quality (Table 1). Participants were
truly or somewhat representative in most studies. Study
authors only assessed patients from the same respective
study site and extracted relevant data from hospital or
study records. Nine studies did not clearly state whether
the surgical site showed signs of infection prior to the
intervention. Five studies had a very short follow-up
period after surgery. This might have resulted in a lower

detection rate of wound infections. There was no relevant
loss to follow-up in any study in order to introduce bias.
According to the meta-analysis including nine stud-
ies, male patients had a significantly higher risk for
wound infection after skin surgery (RR 1.51, confidence
interval [CI] 1.24-1.85, I* = 0%, Figure 2).*"*'*?* These
data are based on six prospective and three retrospective
studies. Five studies had good and two fair or poor qual-
ity, respectively. Two additional studies did not report
sufficient data to be included for meta-analysis: A large
prospective study of good quality with 3491 patients con-
firmed the significantly higher risk for SSI in male
patients (OR 5.46, CI 1.12-26.54, P = .035).% In contrast, a
retrospective study of poor quality including 512 individ-
uals did not detect a significant difference in SSI

Records marked as ineligible

Inadequate study design (n = 1)
No suitable data reported (n = 18)
Study question not addressed (n = 4)

Studies not reporting relevant
data on patient-dependent risk

[ Identification of studies via databases and registers ]
)
Records removed before
c Records identified from: screening:
.g Pubmed/Medline (n = 316) Duplicate records removed
3 Embase (n = 332) (n=28)
= Cochrane Library (n = 64) >
5 Studyregister (n = 179) by automation tools (n = 0)
K=/ Records removed for other
reasons (n = 0)
—
)
Records screened » | Records excluded
(n=863) (n =808)
Fulltext sought for retrieval Fulltext not retrieved
o (n=55) (n=8)
[=
e
@
e
: |
»n
Fulltext assessed for eligibility Reports excluded (n = 29):
(n=47)
Other reasons (n = 6)
S——
Studies reporting relevant data (n
=19)
Relevant trials identified from
= reference lists (n = 4)
(7}
]
=]
E !
£
factors (n = 6)
Included studies (n = 17)
——

FIGURE 1 PRISMA-Studyflow
diagram, adapted and modified from
Reference 28
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incidence between both sex (OR 1.71, CI 0.78-3.72,
P=.179).1°

Meta-analysis of three studies showed no difference
in the risk for SSI between individuals older or younger
than 60years (RR 207, CI 0.55-7.80, I* = 14%,
Figure 3).">'>** Heterogeneity was not important. All
three studies included in this analysis were performed
prospectively with good quality. Three additional studies
analysed the SSI risk depending on patients' age, but the
reported age groups could not be separated into patients
older or younger than 60 years. Inclusion for meta-
analysis was therefore not feasible. A large prospective
study of good quality analysed 1977 interventions and
performed multivariate logistic regression. There was no
significant difference in wound infection rate between
patients older and younger than 65 years (OR 0.99, CI
0.97-1.01, P = .40)."* According to a prospective study
including 3788 patients, individuals older or younger
than 50 years did not have a significantly different risk
for wound infection (OR 1.2, CI 0.7-1.9).® However,
another large prospective study analysing 3784 interven-
tions reported a higher SSI risk for patients over 70 years.
All severe wound infections and 68% of mild SSI occurred

in this age group.'® The latter two studies showed poor
methodological quality.

Meta-analysis including eight studies showed a ten-
dency towards a higher risk for SSI for patients with dia-
betes without statistical significance (RR 1.48, CI
0.98-2.23, I* = 0%, Figure 4).%'%1#1>1823 Heterogeneity
was not important. This finding is based on six prospec-
tive and two retrospective studies. Five studies showed
good, one fair and two poor quality. One additional study
analysed diabetes as potential risk factor for SSI but could
not be included for meta-analysis due to the lack of feasi-
ble data.* The authors assessed 924 interventions and
found no different SSI rate in patients with diabetes
(OR 3.0, CI 0.7-9.3). However, only 22 patients had diabe-
tes and study quality was poor.

Meta-analysis of five studies yielded a significantly
higher risk for wound infection in immunocompromised
patients (RR 211, CI 1.02-439, I* = 54%,
Figure 5).%'%'%!72 Heterogeneity was moderate. Six
studies were prospective and two retrospective. Two stud-
ies showed good, one fair and two poor study quality.
Results from a prospective study of good quality with
3491 patients confirmed the significantly higher SSI risk

Male gender Control

Study SSI Total SSI Total RR 95% Cl Weight
Amici et al., 2005 51 1796 28 1992 - 2.02 [1.28; 3.19] 17.3%
Heal et al., 2006 46 449 28 408 T 1.49 [0.95; 2.34] 17.6%
Rhinehart et al., 2006 20 881 5 358 —— 1.63 [0.61; 4.30] 5.2%
Toia et al., 2011 4 334 1 183 219 [0.25;19.46] 1.1%
Heal et al., 2012 55 528 30 444 i 1.54 [1.01; 2.36] 18.9%
Kulichova et al., 2013 48 1959 16 1325 —E— 2.03 [1.16; 3.56] 12.9%
Liu et al., 2017 46 1129 33 848 g 1.05 [0.68; 1.62] 18.2%
Balakirski et al., 2018 12 173 7 111 [ 1.10 [0.45; 2.71] 5.9%
Balakirskietal.,, 2020 6 87 3 47 - 1.08 [0.28; 4.13] 2.9%
Overall effect <> 1.51 [1.24; 1.85] 100.0%
Heterogeneity: 2= 0%, p =0.628 ' ' I '

Test for overall effect: tg = 4.74 (p = 0.001) 0.1 051 2 10

FIGURE 2 Meta-analysis: male gender
Age > 60 years Control

Study SSI Total SSI Total RR 95% Cl Weight
Heal et al.,, 2006 47 378 27 479 — 2.21 [1.40; 347] 44.3%
Toia et al., 2011 3 359 2 158 ' 0.66 [0.11;3.91] 12.1%
Heal etal., 2012 64 517 21 455 — 2.68 [1.67;4.32] 43.5%
Overall effect ———— 2 (07 [0.55; 7.80] 100.0%
Heterogeneity: /% = 14%, p = 0.313 ' ! |

Test for overall effect: t, =2.37 (p =0.141) 02 05 1 2 5

FIGURE 3 Meta-analysis: age over 60 years
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for immunosuppressed individuals (OR 9.99, CI
1.83-54.3). However, this study did not report data that
could feasibly be included for meta-analysis.

Meta-analysis including four studies showed that
smoking did not affect the risk for wound infection
(RR 0.80, CI 0.47-1.36, I* = 0%, Figure 6).>'%*** Hetero-
geneity was not important. All studies were performed
prospectively, three with good and two with poor quality.

Meta-analysis of five studies showed no risk differ-
ence for SSI after excision of malignant melanoma
(RR 0.91, CI 0.09-8.89, I = 50%, Figure 7).'%'>1®17:1
Heterogeneity was moderate. This finding is based on
two prospective and three retrospective studies. Two were
graded as good, one as fair and the remaining two studies
as poor quality.

Meta-analysis of six studies found no risk difference
for wound infection after excision of BCC (RR 1.15, CI
0.47-2.80, I = 73%, Appendix S4—Figure 1).'%!31>17:21
Three studies were prospective and retrospective, respec-
tively. Quality was good in three, fair in one and poor in
two studies. However, heterogeneity was substantial, and
the direction of effect varied. This may be explained by
clinical and methodological heterogeneity. The authors
Dettenkofer et al performed a prospective surveillance

study in order to detect all kind of nosocomial infec-
tions.?* Investigators were not included in patient care,
assessed only patients hospitalised for more than
48 hours and did not perform follow-up visits after dis-
charge. Therefore, SSI may not have been sufficiently
detected, which may have introduced bias. In contrast,
the authors Nakamura et al and Rhinehard et al per-
formed retrospective studies in the outpatient setting.
Both found a tendency towards a lower risk of SSI after
BCC excision.'”'® However, given the substantial hetero-
geneity and variation in the direction of effect, the pooled
effect estimate is highly uncertain.

Meta-analysis of six studies showed a tendency
towards a higher risk for wound infection after excision
of SCC (RR 2.24, CI 0.92-5.42, I* = 70%, Appendix S4—
Figure 2).'%'>'>"'® Two studies were prospective and four
retrospective. Three studies showed good, two fair and
one poor quality. Heterogeneity among the studies was
substantial. The direction of effect varied in one retro-
spective study that compared SSI rates between hos-
pitalised immunocompromised and immunocompetent
patients. One retrospective multicentre study only
assessed immunocompromised individuals that under-
went extensive dermatosurgical procedures as inpatients.

Diabetes Control
Study SSI Total SSI Total RR 95% Cl Weight
Amici et al., 2005 4 108 75 3680 : 1.82 [0.68; 4.88] 13.3%
Heal et al., 2006 4 22 70 835 217 [0.87; 5.41] 14.5%
Dixon et al., 2006 3 285 72 4806 —- 0.70 [0.22; 2.22] 11.1%
Toia et al., 2011 0 60 5 457 % 0.15 [0.00; 77.46] 0.6%
Heal et al., 2012 8 87 77 885 ) 1.06 [0.53; 2.12] 18.7%
Liu et al., 2017 9 151 57 1516 1.59 [0.80; 3.14] 18.9%
Balakirski et al., 2020 2 30 7 104 0.99 [0.22; 4.52] 7.5%
Nakamuraetal, 2020 6 47 22 465 2.70 [1.15; 6.32] 15.6%

Overall effect

1.48 [0.98; 2.23] 100.0%

Heterogeneity: 12 = 0%, p =0.530 [

Test for overall effect: t; = 2.27 (p = 0.057) 0.001 1000

FIGURE 4 Meta-analysis: diabetes

Immunosuppression Control

Study SSI Total SSI Total RR 95% Cl Weight
Amici et al., 2005 6 61 73 3727 i—=—— 5.02 [2.27; 11.10] 20.1%
Liuetal., 2017 7 107 61 1554 I 1.67 [0.78; 3.55] 20.8%
Balakirski et al., 2018 4 54 15 230 —_— 1.14 [0.39; 3.29] 15.0%
Basu et al., 2018 24 973 62 3772 - 1.50 [0.94; 2.39] 27.8%
Nakamuraetal., 2020 4 26 24 486 ——— 312 [1.17; 8.32] 16.3%
Overall effect i 2.11 [1.02; 4.39] 100.0%
Heterogeneity: 1 =54%, p =0.069 ' ' ' '
Test for overall effect: 4, = 2.84 (p = 0.047) 0.1 05 1 2 10

FIGURE 5 Meta-analysis: immunosuppression
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Smoking Control

Study SSI Total SSI Total RR 95% CI Weight

Amici etal., 2005 17 770 62 3018 ——0— 1.07 [0.63; 1.83] 42.7%

Dixonetal., 2006 6 634 69 4457 —T 0.61 [0.27; 1.40] 22.3%

Toia et al., 2011 1 85 4 432 1.27 [0.14;11.23] 3.9%

Heal et al., 2012 9 157 76 814 —a T 0.61 [0.31; 1.20] 31.1%

Overall effect ‘» 0.80 [0.47; 1.36] 100.0%
Heterogeneity: I>=0%, p =0.503 ' ! ' '

Test for overall effect: t3 =-1.33 (p = 0.276)0.1 05 1 2 10

FIGURE 6 Meta-analysis: smoking
Melanoma Control

Study SSI Total SSI Total RR 95% Cl Weight
Dettenkofer etal., 2003 0 163 21 469 ———— 0.01 [0.00; 6.78] 7.1%
Rhinehart et al., 2006 3 39 22 1361 . = 4.76 [1.49; 15.23] 29.9%
Heal et al., 2012 1 16 84 956 —a— 0.71 [0.11; 4.80] 25.0%
Balakirski et al., 2018 5 69 14 220 y 3 1.14 [0.43; 3.05] 30.9%
Nakamura et al., 2020 0 34 28 478 ——F—7F— 0.05 [0.00; 24.57] 7.1%
Overall effect — 0.91 [0.09; 8.89] 100.0%
Heterogeneity: 1% =50%, p =0.092 ' T I
Test for overall effect: t4 =-0.12 (p = 0.911) 0.001 0.1 1 10 1000

FIGURE 7 Meta-analysis: excision of malignant melanoma

Two prospective studies included patients that under-
went small procedures performed by a general practi-
tioner.">'> However, this may not sufficiently explain
differences in the direction of effect, which is therefore
linked to uncertainty.

Meta-analysis of four studies did not show a significant
association between SSI and anti-platelet medication, such
as aspirin or Clopidogrel (RR 1.35, CI 0.65-2.78, I* = 37%,
Appendix S4—Figure 3).>'*'*** These results are based
on two prospective and one retrospective study of good
quality and one prospective study of poor quality. Hetero-
geneity was not important. In addition, two prospective
studies including 1911 and 927 interventions, respectively,
could not be included due to insufficient data reporting.
However, results of both studies are in line with meta-
analysis that anti-platelet therapy did not affect the SSI
rate (aspirin: OR 0.83, CI 0.35-1.7°* and OR 0.90, CI
0.39-2.09""; Clopidogrel: OR 1.23, CI 0.16-9.21'"). One
study had fair, the other, poor quality.

Meta-analysis of five studies showed no significantly
different SSI rate in patients taking oral anti-coagulants
(RR 1.66, CI 0.79-3.49, I* = 0%, Appendix S4—Figure
4)B1012:1324 Heterogeneity was not important. Three
studies were prospective and two were retrospective.
Methodological quality was good in three and poor in
two studies. One prospective study including 1911

participants did not qualify for meta-analysis since
authors did not report feasible data. However, according
to this study of fair quality, patients on Coumadin did
not show a different SSI risk (OR 2.49, CI 0.84-7.36).'"
Meta-analysis of three studies yielded, that patients
on both anti-platelet and anti-coagulant medication did
not have a different risk for wound infection (RR 4.55, CI
0.09-2.27, I’ = 0%, Appendix S4—Figure 5)."*'*** In all
studies, the number of participants under anti-platelet
and anti-coagulant treatment was low, which is reflected
by the wide confidence interval. Heterogeneity among
both retrospective and one prospective study was not
important. Two showed good and one fair study quality.

4 | DISCUSSION

This article summarises the current evidence on patient-
dependent risk factors for SSI in dermatologic surgery.
The overall incidence of SSI in skin surgery was low.
Male gender and immunosuppression were associated
with significantly higher infection rates. There was good
evidence that diabetes may be linked to a higher infection
risk as well. The risk of SSI after SCC or BCC excision
remains uncertain. Other factors, such as smoking, age
over 60 years, oral anti-coagulation or anti-aggregation,
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and excision of malignant melanoma did not show any
substantial association with wound infection.

Diabetes compromises the immune response and is
widely considered as potential risk factor for wound infec-
tion after surgery.>> Although meta-analysis did not reach
statistical significance, heterogeneity among studies was
not important, and most data are based on trials of good
quality. Therefore, it is possible that diabetes may be con-
sidered as an independent risk factor for SSI in dermato-
logic surgery as well. Excision of SCC showed a statistical
tendency towards a higher risk for wound infection as well.
However, studies were methodologically and clinically het-
erogenous. In addition, the direction of effect varied, and
most data are based on retrospective studies. The potential
infection risk may be explained by the presence of ulcera-
tion. However, the latter is also common in BCC, which
did not show any statistical association with postoperative
wound infection. Studies analysing the risk for wound
infection after BCC excision were substantially heteroge-
neous as well. Hence, it remains uncertain, whether exci-
sion of SCC or BCC may affect the SSI rate.

Smoking has a significant impact on wound healing.*
However, meta-analysis of well-conducted large prospec-
tive studies showed no association between smoking and
wound infection after skin surgery. Interestingly, there
was good evidence that men have a higher risk for wound
infection. This may be explained in different health behav-
iour and compliance of male patients. Given the moderate
heterogeneity among studies and confirmatory data of a
large prospective study of good quality, there is good evi-
dence that immunocompromised patients inherit a higher
SSI risk. We included all types of immunosuppression for
data synthesis. If specific individual immunosuppressive
treatments or conditions lead to a different wound infec-
tion risk, further research is needed. Elderly patients may
develop various risk factors for SSI. However, data synthe-
sis did not show higher infection rates in patients of higher
age. This may be due to our predefined cut-off of 60 years,
which could have been too low to detect a significant dif-
ference. As prescribed by the authors Kulichova et al the
geriatric population may have higher infection rates, but
there is not enough data to support this assumption.*’

There are few systematic reviews that assess risk factors
for SSI in dermatologic surgery and none that performed
meta-analysis, to our knowledge. Our findings are mostly
in line with those of a systematic review, which focussed on
minor skin interventions, even though we additionally
included studies on complex dermatologic surgery.”” In
contrast, however, our data do not provide supportive evi-
dence that excision of SCC or BCC are associated with SSI.

This systematic review has certain limitations. Not all
identified potentially relevant studies could be included
since we could not obtain all full texts. In addition, the

SSI risk after excision of SCC and BCC remains uncertain
due to substantial heterogeneity among studies. How-
ever, given the wide spectrum of skin surgery, we
expected heterogeneity among the included studies and
thus interpreted the data in the light of methodological
or clinical differences between the studies. Although this
article focusses on a small number of factors, the true risk
for SSI probably depends on a combination of various
risk factors, including the type of surgery and the oper-
ated body site, which could not be taken into account in
this article.

The incidence of wound infection in dermatologic
surgery is low. It will therefore be challenging to statisti-
cally detect whether prophylactic antibiotics prevent SSI.
Our findings help to identify patients at risk for wound
infection that may benefit from PAP. However, whether
systemic antibiotics can effectively prevent SSI in derma-
tologic surgery needs to be assessed in large controlled
clinical trials.

5 | CONCLUSION

Overall, the incidence of SSI in skin surgery is low. Men,
immunocompromised individuals and probably patients
with diabetes have a higher risk for wound infection. The
infection risk after excision of SCC or BCC remains
uncertain. Smoking, age older than 60 years, blood thin-
ners or excision of malignant melanoma may not affect
the infection rate.
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