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ABSTRACT

INTRODUCTION Surgical site infection (SSI) is a significant cause of postoperative morbidity and mortality. Effective preoperative
antisepsis is a recognised prophylactic, with commonly used agents including chlorhexidine (CHG) and povidone-iodine (PVI).
However, there is emerging evidence to suggest an additional benefit when they are used in combination.
METHODS We analysed data from our prospective SSI database on patients undergoing clean cranial neurosurgery between October
2011 and April 2014. We compared the case-mix adjusted odds of developing a SSI in patients undergoing skin preparation with
CGH or PVI alone or in combination.
RESULTS SSIs were detected in 2.6% of 1146 cases. Antisepsis with PVI alone was performed in 654 (57%) procedures, while
276 (24%) had CHG alone and 216 (19%) CHG and PVI together. SSIs were associated with longer operating time (p<0.001) and
younger age (p=0.03). Surgery type (p<0.001) and length of operation (p<0.001) were significantly different between antisepsis
groups. In a binary logistic regression model, CHG and PVI was associated with a significant reduction in the likelihood of develop-
ing an SSI (adjusted odds ratio [AOR] 0.12, 95% confidence interval [CI] 0.02–0.63) than either agent alone. There was no differ-
ence in SSI rates between CHG and PVI alone (AOR 0.60, 95% CI 0.24–1.5).
CONCLUSIONS Combination skin preparation with CHG and PVI significantly reduced SSI rates compared to CHG or PVI alone. A
prospective, randomized study validating these findings is now warranted.
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Surgical site infection (SSI) remains a significant and avoid-
able cause of postoperative morbidity and mortality.1 It
adversely effects patient quality of life, length of hospital stay
and cost of care.1–3 In neurosurgery, these consequences,
although relatively infrequent, are often more extreme, com-
monly requiring admission, reoperation and/or prolonged
intravenous antibiotic therapy.4–6

Effective preoperative antisepsis is considered a key ele-
ment in preventing SSIs. The two most commonly used anti-
septic agents are chlorhexidine (CHG) and povidone-iodine
(PVI).7 While combining them with alcohol is widely consid-
ered to be more effective,8 it is not clear which of the two
agents is the most effective, despite the publication of a num-
ber of meta-analyses.7,9–12

CHG and PVI have different mechanisms of action and dif-
ferent spectrums of efficacy. CHG damages the outer micro-
bial layers, upsetting resting membrane potentials, whereas
PVI uncouples iodine, which is absorbed by microbes to inac-
tive key cytoplasmic pathways.13 Their concurrent use had

long been held to be deleterious. This been challenged in
vivo, however.13

We determined whether preoperative skin preparation
using a combination of CHG and PVI was associated with a
lower SSI rate than either agent alone in patients under-
going clean cranial neurosurgery.

Methods

We analysed data prospectively collected on the departmen-
tal database of the Greater Manchester Neurosciences
centre. This records patient age and sex, alongside SSI risk
factors such as American Society of Anesthesiologists physi-
cal status classification system (ASA) grade, surgery within
the last month, Altemeier wound class,14 length of operation,
emergency or elective surgery, grade of operating surgeon
and type of surgery.

All cranial, neurosurgical procedures are recorded on the
database and followed up prospectively on a daily by a
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dedicated SSI nurse to identify SSIs. These are defined in
line with UK Health Protection Agency (HPA) guidance as
requiring one of: purulent discharge; a positive wound cul-
ture (superficial or intraoperative); or a clinical diagnosis of
infection either at the operative site within 30 days of the
procedure or within 1 year where an implant(s) remains.5,15

Following discharge clinic appointments, telephone consul-
tation or postal questionnaires, alongside daily review of the
neurosurgical referral database and hospital readmissions,
are monitored to identify SSIs. This multifaceted patient fol-
low-up has been shown to be more reliable at identifying
SSI than questionnaire-based follow-up alone.5

The surveillance programme also includes a form that the
operating surgeon completes at the time of surgery to record
the type of preoperative antisepsis, including the number
and type of preparations used. Completing the form was not
mandatory, however, and therefore not all cases record this
data.

The choice of preoperative skin antisepsis was based on
surgeon preference. CHG was available as ChloraPrep
(Carefusion, San Diego, CA, USA) or Hydrex Pink (Ecolab, St
Paul, MN, USA). PVI was available as Vidine alcoholic tinc-
ture or antiseptic solution (Ecolab, St Paul, MN, USA).

Inclusion and exclusion criteria

All cranial, neurosurgical procedures between October 2011
and April 2014 in which information on preoperative anti-
sepsis had been prospectively completed were reviewed.
Only patients undergoing a clean,14 cranial neurosurgical
procedure were included. Procedures requiring an implant
were excluded. SSIs in patients who underwent preoperative
skin preparation using CHG or PVI as a single agent, or a
combination of the two agents, were then extracted from the
database.

Statistical analysis

Baseline characteristics were compared between study
groups and in relation to the development of SSIs to identify
potential confounders. Categorical variables were assessed
using the Chi-squared test; continuous, normally distributed
variables were examined using analysis of variance; and
continuous, non-normally distributed variables were
assessed using the Mann-Whitney U or Kruskal-Wallis tests.
Normality was examined using the Shapiro-Wilk test. Case
mix adjustment was then performed with statistically deter-
mined and clinically relevant variables, using binary logistic
regression. Statistical analyses were performed using SPSS
Statistics version 22 (IBM, Armonk, NY, USA). Significance
was defined as p<0.05.

Results

Between October 2011 and April 2014, 2603 cranial neuro-
surgical procedures were performed at our centre, of which
94 (3.6%) were complicated by SSI. The type of surgical skin
preparation was recorded prospectively in 1146 (44%) of
cases. (Figure 1). Of the 1146 cases included in this study,
654 (57%) underwent preoperative antisepsis with PVI

alone, 276 (24%) with CHG alone and 216 (19%) with a com-
bination of CHG and PVI.

SSIs were detected in 2.6% of cases, with the majority
caused by skin commensals (60%), of which the majority
were Staphylococcus species (Table 1). Other cultured
organisms included Enteroccous, Morexella, Diphtheria and
Pseudomonas species. The cultures were negative in three
cases.

Longer operation times (p<0.001) and younger patient
age (p=0.03) were significantly associated with the occur-
rence of SSIs (Table 2). In contrast, patient sex, age, type and
urgency of surgery showed no association. The type
(p<0.001) and length of surgery (p <0.001) were significantly
different between antiseptic groups, with patients receiving
combination CHG and PVI found to have the longest mean
operating time (Table 3).

The crude SSI rate in patients receiving CHG and PVI was
lower (0.9%, 95% confidence interval [CI] 0.5–1.4) than that
in patients who had PVI (3.2%, 95% CI 2.7–3.7) or CHG
(2.5%, 95% CI 1.6–3.4) alone, although the difference was
not significant (p=0.18) (Figure 2).

Inclusion Criteria

Cranial neurosurgery Oct 2011 to April 2014
N = 2603

N = 1462

N = 1146

Betadine
N = 654

Chlorhexidine
N = 276

Betadine + Chlorhexidine
N = 216

1121 Missing preoperative antisepsis

20 Althemeir II–IV

316 ImplantsExclusion Criteria

Figure 1 STROBE flow diagram of patient selection

Table 1 Cultured microorganisms by type of antiseptic skin
preparation

Organisms cultured (p=0.99)

Variable PVI CHG CHG + PVI

Staphylococcus aureus
Coagulase Negative Staphylococcus
Other
No growth

9 (43)
4 (19)
7 (33)
1 (5)

4 (57)
0 (0)
1 (14)
2 (29)

1 (50)
0 (0)
1 (50)
0 (0)

All values n (%), unless otherwise stated
CHG = chlorhexidine; PVI = povidone-iodine
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A binary logistic regression model taking into account
length and type of operation, patient age and ASA indicated
that the combination of CHG and PVI was associated with a
significant reduction in the likelihood of developing an SSI
versus either preparation alone (adjusted odds ratio [AOR]
0.12, 95% CI 0.02–0.63, p=0.01). There was no difference in
the likelihood of developing an SSI between CHG and PVI
alone (AOR 0.60 95% CI 0.24–1.5, p=0.28).

Discussion

Our results show that the preoperative use of CHG and PVI
reduces the risk of SSI by 88% among patients undergoing

cranial neurosurgery compared with either preparation
alone. We did not observe any difference in SSI risk between
patients prepped with CHG or PVI alone.

The rationale and aim of preoperative skin preparation is
to remove transient organisms and reduce the number of
skin commensals, as they are the most common cause of
SSI.5,7 Our data is consistent with this concept, as skin com-
mensals were the most commonly observed organisms
responsible for SSI.

There has been much debate over which antiseptic agent
reduces SSI most efficiently, and many trials have been con-
ducted.7,9,11,12,16 The most recent Cochrane review indicated
that preoperative skin preparation with 0.5% CHG and
methylated spirits was associated with lower rates of SSI in
clean surgery than an alcohol-based PVI skin preparation.7

Table 2 Univariate analysis of baseline characteristics by
presence of SSI

Variable SSI No SSI P value

Male

Age, years (IQR)
ASA

Good (I-III)
Poor (IV-V)

Operating time, minutes (IQR)

18 (60)
52 (30)

15 (50)
15 (50)
180 (125)

594 (53)
57 (26)

710 (64)
406 (36)
110 (120.5)

0.76
0.03*
0.13

0.001*

Category of surgery

Oncology
Vascular
Trauma/Emergency
Miscellaneous

18 (60)
4 (13)
2 (7)
6 (20)

698 (63)
101 (9)
216 (19)
101 (9)

0.08

Emergency surgery 7 (23) 336 (30) 0.42

* Significant <0.05. All values n (%), unless otherwise stated
ASA = American Society of Anesthesiologists physical status
classification system; IQR = interquartile range; SSI = surgical
site infection

Table 3 Univariate analysis of baseline characteristics by type of antiseptic

Variable PVI CHG CHG + PVI P value

Male

Age, years (IQR)
ASA

Good (I-III)
Poor (IV-V)

Operating time,
minutes (IQR)

362 (55)
57 (25)

425 (65)
229 (35)
105 (115)

139 (50)
58 (25)

166 (60)
110 (40)
105 (106.5)

111 (51)
55 (22)

134 (62)
82 (38)
152 (172.5)

0.52
0.15
0.35

<0.0001*

Category of surgery

Oncology
Vascular
Trauma/Emergency
Miscellaneous
Emergency Surgery

455 (70)
19 (3)
142 (22)
38 (6)
202 (31)

158 (57)
14 (5)
52 (19)
52 (19)
82 (30)

103 (48)
72 (33)
24 (11)
17 (8)
59 (27)

<0.0001*

0.61

* Significant <0.05. All values n (%), unless otherwise stated
ASA = American Society of Anesthesiologists physical status classification system; CHG = chlorhexidine; IQR = interquartile range;
PVI = povidone-iodine
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Figure 2 Incidence of SSI within each preoperative antisepsis
group, with 95% confidence intervals
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Our study, which is one of the larger analyses of SSI rates
between CGH and PVI, did not demonstrate any net benefit of
one skin preparation over another. This data supports the evi-
dence from the literature. Moreover, even the authors of the
Cochrane review note that the reduction in SSI rates associ-
ated with CHG was due to a single trial that was subject to
bias. It has therefore been argued that a better-designed,
larger trial is needed to definitively answer the issue over
which preparation to use. We would argue that, despite the
heterogeneity of the trials analysed and their well-character-
ised biases, the lack of emergence of a single agent from a
pooled analysis of 2623 patients suggests that the entire strat-
egy of SSI reduction needs to be reconsidered.

Few authors have compared SSI rates in patients receiving
preoperative skin preparation with two agents versus a single
agent. The combination of CHG and PVI had, for many years,
been considered deleterious. Although careful sequential
application would circumvent this, a 2010 in vivo study by
Anderson et not only did not support these negative effects
but also found evidence of a synergistic effect.13 They postu-
late that the membrane disruption provided by CHG facili-
tates greater PVI uptake. The clinical literature on their
combination is limited to a single randomised trial in patients
undergoing caesarean section, which demonstrated better
SSI rates in obese patients receiving dual preoperative skin
preparation versus those who did not.17 The approach is also
supported by a number of studies that have demonstrated bet-
ter decontamination rates of skin microorganisms at the inci-
sion site with double-agent skin preparation.13,18–21

We accept that this is a retrospective analysis, and may
therefore be biased by incomplete case acertainment due the
skin preparation type having not been recorded for all sur-
veillance cases. We do, however, have robust prospective
identification of all patients, a robust definition of SSI and the
prospective follow-up of patients to record the occurrence of
an SSI, which allows for a meaningful interpretation of our
data.

Conclusions

SSI remains a significant burden for patients, hospitals and
clinicians alike, and advances in prevention are required.
This analysis of prospectively collected data demonstrates a
significant reduction in SSIs in patients whose surgical site
was prepared with a combination of CHG and PVI, thus add-
ing to the evidence supporting its greater efficacy in surgical
site decolonisation. Our results require formal validation in
a well-powered, prospective, randomised trial.
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