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Abstract

Background Povidone iodine (PVI) is a widely used antiseptic solution among surgeons. A meta-analysis based on
randomized controlled trials (RCTs) was conducted to establish whether application of PVI before wound closure
could reduce surgical site infection (SSI) rates.

Methods Systematic review of MEDLINE/PubMed, Scopus, CINAHL, and Web of Science databases from
inception to September 2017, with no language restrictions. Only RCTs were retrieved. The primary outcome was the
SSI rate. Meta-analysis was complemented with trial sequential analysis (TSA).

Results A total of 7601 patients collected from 16 RCTs were analyzed. A reduction in overall SSI rate was found
(RR 0.64, 95% CI 0.48-0.85, P = 0.002, P= 65%), which was attributed to patients undergoing elective operations
(n = 2358) and mixed elective/urgent operations (n = 2019). When RCTs of uncertain quality (n = 9) were excluded,
the use of PVI before wound closure (n = 4322 patients) was not associated with a significant reduction of SSI (RR
0.81,95% CI 0.55-1.20, P = 0.29, P= 51%) and was only significant in clean wounds (RR 0.25, 95% CI 0.09-0.70,
P =0.008, I* = 0%). For the primary outcome, the TSA calculation using a relative risk reduction of 19% and an
11% proportion of control event rate (CER) with 51% of P2, the accrued information size (n = 4322) was 32.8% of
the estimated optimal information size (n = 13,148).

Conclusions There is no conclusive evidence for a strong recommendation of topical PVI before wound closure to
prevent SSI.
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Introduction

Surgical site infection (SSI) remains an important cause of
morbidity, prolonged hospitalization, and mortality, as well
as resource consumption. [1]. Three types of SSI have been
recognized including superficial incisional, deep incisional,
and organ/space infection [2]. However, at the level of the
wound [3], a general consensus on the definition of SSI has
not been reached, but it is frequently accepted as one that
develops during the first 30 days postoperatively and
includes the superficial and deep incisional SSI types [2, 3].
Strategies for the prevention of SSI are complex and
include actions at minimizing preoperative, intraoperative,
and postoperative risk factors. Recently, updated recom-
mendations on measures for SSI prevention have been
proposed by international bodies, including the World
Health Organization (WHO) [4, 5], the Centers for Disease
Control (CDC) [6], and the National Institute for Health
and Care Excellence (NICE) [7]. One of these measures is
topical application of antiseptics.

Antiseptics can be used for preventing SSI at the level of
the wound as an adjunct just before wound closure, when
the rest of surgery is performed [8]. However, clinical
guidelines are heterogeneous regarding both the applica-
tion of topical povidone iodine (PVI) and topical antisep-
tics in general before wound closure. Recommendations
range from suggesting irrigation with aqueous PVI espe-
cially in clean or clean-contaminated wounds [5], to con-
sider that the use of antimicrobials in this area remains
unanswered [6], or to recommend further research on the
effects of antiseptics in clean elective surgical contexts
without insertion of prosthetic mesh materials [7]. This
lack of uniformity of different guidelines may potentially
confuse clinicians about the hypothesis that aqueous PVI in
the prevention of SSI before wound closure would be
useful.

Therefore, to provide an answer to the question of
whether topical application of PVI before primary wound
closure could reduce SSI rates, we performed a meta-
analysis in which only randomized controlled trials (RCTs)
were selected. Evidence provided by this meta-analysis is
important to clarify whether systematic implementation of
this strategy in surgical patients is justified.

Materials and methods

This meta-analysis was performed following recommen-
dations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) report [9]. This
review was registered in the international database
PROSPERO for prospectively registered systematic

reviews (registration number CRD42017072243; http://
www.crd.york.ac.uk/PROSPERO).

Systematic literature search

We conducted a systematic literature search of MEDLINE
(PubMed), SCOPUS, CINAHL, and Web of Science
databases from inception until September, 2017. Combi-
nations of key words and free text for each database were
used as search strategies. In the case of MEDLINE, the
following terms were used: (“anti-bacterial agents”[Phar-
macological Action] OR “anti-bacterial agents”[MeSH
Terms] OR (“anti-bacterial”’[All Fields] AND “agent-
s”[All Fields]) OR “anti-bacterial agents”[All Fields] OR
“antiseptics” [All Fields]) OR (“anti-infective
agents”[Pharmacological Action] OR “anti-infective
agents”[MeSH Terms] OR (“anti-infective”[All Fields]
AND “agents”[All Fields]) OR “anti-infective agents” [All
Fields] OR “antimicrobial”’[All Fields]) OR topical[All
Fields] AND (“surgical wound infection”[MeSH Terms]
OR (“surgical”[All Fields] AND “wound”[All Fields]
AND “infection”[All Fields]) OR “surgical wound infec-
tion”[All Fields]) OR (“wound infection”[MeSH Terms]
OR (“wound”[All Fields] AND “infection”[All Fields])
OR “wound infection”[All Fields]) AND Randomized
Controlled Trial[ptyp]. Only human studies (as species)
and RCT (as article type) were included in the search, with
no limits regarding languages. In order to select eligible
studies, the abstracts of all documents retrieved were
assessed independently by three investigators (ML-C, AC,
and MK). Additional studies were identified by cross-
checking the reference lists of all retrieved articles.

Selection of studies and extraction of data

The PICO approach was used for the selection of studies.
PICO represents an acronym for patient (P), intervention
(), comparison (C), and outcome (O). It has been recom-
mended to apply these four PICO elements to properly
establish a research question and accordingly to perform a
reliable search of the literature. [10]. The patient popula-
tion (P) consisted of patients undergoing abdominal, her-
nia, cardiovascular, trauma, and orthopedic surgeries. The
intervention (I) was the use of topical PVI before primary
closure of the surgical wound by means of irrigation
solution, aerosol spray, or other forms of antiseptic appli-
cation. SSI prevention was the outcome (O). Exclusion
criteria were as follows: previous infection in the site of
surgical wound, application of PVI at other sites more than
the surgical wound, application of other antimicrobials than
PVI and surgical procedures different from those already
mentioned. Patients with surgical wounds in which PVI
was not applied before primary wound closure were
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included in the comparator group (i.e., placebo). For the
purpose of this meta-analysis, the rate of SSI ((superficial
and/or deep incisional) was the primary outcome. Sec-
ondary outcomes were SSI rates according to the following
variables: (a) type of surgery, defined as specific when a
single surgical procedure was performed or miscellaneous
when different surgical techniques were combined; (b) ur-
gent or elective surgery (or mixed when it was not possible
to differentiate patients undergoing urgent or elective
operations in the same study); (c) mode of PVI adminis-
tration and concentration; (d) presence or absence of
associated use of systemic antibiotics; (e) grade of con-
tamination of the surgical field defined as clean, clean-
contaminated, contaminated, and dirty following the 1999
CDC classification [2]; and (f) definition of SSI [2].

Data extraction was performed by two investigators
(ML-C and MK) independently. The opinion of a third
researcher (JMGA) was requested to reach consensus in
doubtful cases during data extraction.

Assessment

The internal validity of trials was evaluated using the
checklist of the Scottish Intercollegiate Guidelines Net-
work (SIGN) (https://www.sign.ac.uk/checklists-and-notes.
html). Factors influencing the quality of evidence across
studies for different outcomes (i.e., external validity) were
also assessed following recommendations of the Cochrane
Collaboration [11] in the following aspects: method of
randomization; allocation concealment; use of masked
outcome assessments; intention-to-treat (ITT) analysis;
definition of SSI; and time of assessment of infection.
Definition and time of assessment infection was included in
quality of evidence evaluation because the most widely
accepted definition of SSI should develop during the first
30 days after the surgical operation [2, 3]. Depending on
whether information on these aspects was present (at least
four aspects and 30 days of follow-up), partially present (at
least three aspects and 30 days of follow-up) or absent (less
than three aspects independently of follow-up or a follow-
up <30 days) the quality of the studies was considered
high, low, or uncertain, respectively.

Statistical analysis

A meta-analysis of all RCTs eligible for the primary out-
come was planned. To evaluate the impact of topical
application of PVI on the overall effect according to the
quality of trials, a sensitivity analysis was performed. Also,
separated meta-analyses were planned for secondary out-
comes in the different predefined subgroups for all studies
and according to the quality of them. This type of meta-
analysis was performed when more than two RCTs were
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eligible for a given outcome. We used a random-effects
model. Risk ratios (RRs) and 95% confidence intervals
(CIs) were calculated for all outcomes. Heterogeneity in
the included studies evaluated using /> statistic was used to
quantify heterogeneity of selected studies, with small
heterogeneity for I* values of 25%, moderate heterogeneity
for I* values between 25 and 50%, and high heterogeneity
for I values >50% [12]. P values were also calculated.
Funnel plots were constructed to assess publication bias.
The present meta-analysis was carried out using the
Review Manager 5.3, which is the software used for
preparing and maintaining Cochrane Reviews (Review
Manager (RevMan) [Computer program] version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). In addition, a trial sequential analysis
(TAS) (http://ctu.dk/tsa/index.html) was carried out to
control the risk of type I error related to sparse data and
sequential multiplicity [13, 14].

Results

A total of 3730 records were initially identified by the
literature search, but 3701 were considered non-eligible
and were excluded. Therefore, 29 RCTs were tentatively
included in the meta-analysis. However, 13 RCTs were
finally excluded for the following reasons: use of antisep-
tics other than PVI (n = 5) [15-19], use of a comparator
other than placebo (n = 2) [20, 21], lack of proper appli-
cation of PVI in the surgical wound (n = 3) [22-24],
combination of intraabdominal and surgical wound irriga-
tion (n = 2) [25, 26], and duplicate data (n = 1) [27]. The
study sample included 16 RCTs, with a total final number
of patients of 7601 [28—43]. The strategy followed for the
selection of studies is shown in Fig. 1.

Elective operations were performed in 5 RCTs
[33, 38—41], urgent operations in 5 [30, 31, 36, 37, 43], and
mixed elective and urgent procedures in 6
[28, 29, 32, 34, 35, 42]. PVI was administered as an irri-
gation solution in 9 studies [29, 34, 35, 37-40, 42, 43],
aerosol spray in 6 [28, 30-33, 36], and using a soaked
gauze in 1 [41]. The most frequently used concentrations of
PVI were 10% [34, 35, 38, 41, 42] and 1% [29, 34, 37, 43].
The surgical field was clean in 4 studies [38—41], con-
taminated in 5 [30, 31, 35, 36, 42] a combination of clean,
clean-contaminated, contaminated, and dirty in 6
[28, 29, 32, 34, 35, 42], and was not clearly stated in 1 [33].
Seven studies reported the administration of systemic
antibiotics [35-40, 42].

Table 1 summarizes the characteristics of the 16 RCTs
selected for the meta-analysis. The quality of RCTs was
high in 1 RCT [42], low in 6 [28, 32, 36, 37, 39, 41], and
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Duplicate data=1 [27]

uncertain in the remaining 9 [29-31, 33-35, 38, 40, 43].
Risk of bias assessments is presented in Table 2.

Primary outcome

The meta-analysis for the primary outcome (SSI rate)
included all 16 RCTs (7601 patients) [28—43] and showed a
reduction of the incidence of SSI with the application of
PVI before primary surgical wound closure, which was
statistically significant (RR 0.64, 95% CI 0.48-0.85,
P =0.002), I* = 65%). This significant reduction in the

overall SSI rate was attributed to patients undergoing
elective operations (n = 2358) (RR 0.4, 95% CI 0.17-0.97,
P =0.04, I = 58%) and mixed elective and urgent oper-
ations (n = 2019) (RR 0.56, 95% CI 0.33-0.96, P = 0.03,
I? = 72%). Among patients undergoing urgent surgical
procedures (n = 3187), a reduction in the incidence of SSI
was not found (RR 0.79, 95% CI 0.50-1.27, P = 0.34,
I? = 69%). When RCTs of uncertain quality were exclu-
ded, a significant reduction in SSI with the use of PVI
before primary wound closure (n = 4322 patients) was not
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Table 1 continued

Systemic ab (yes/

no)

Type of admon Comparator

Type of Grade of

Elective/urgent

Povidone iodine
concentration

Global SSI rate
Exp Cont

No of
(n) (n)

Year of

Author [Ref]

surgery SSI

surgery

patients

publication

rate Exp (n);
Cont (n)

Yes

Cesarean C-C 81/676; Irrigation solution Nothing

Elective

Povidone iodine 10%

2736 144/1376

2016

Mahomed [42]

82/669
C 63/700;

section

147/1360

65/691
C 15/196;

Urgent

No

Saline solution

Trrigation solution

Urgent ASW

Povidone iodine 1%,

2016 389 15/196 14/193

Ghafouri [43]

14/193

Cl, Clean; C-C, Clean-contaminated; C, Contaminated; D, Dirty; Abd Surg, abdominal surgery; Misc, miscellaneous; ASW, Accidental superficial wounds; Exp, experimental; Cont, control

found (RR 0.81, 95% CI 0.55-1.20, P = 0.29, I* = 51%)
(Fig. 2).

Secondary outcomes

Findings for secondary outcomes for all RCTs and after
excluding RCTs of uncertain quality are detailed in
Table 3. There were statistically significant differences in
favor of using PVI before primary wound closure for
contaminated surgical fields (RR 0.66, 95% CI 0.44-0.98,
P =0.04, P= 59%), when diluted at 3.5% concentration
(RR 0.09, 95% CI 0.02-0.50, P = 0.006, I* = 0%), use of
aerosol spray (RR 0.53, 95% CI 0.37-0.75, P = 0.0003,
P = 40%), and when definition of SSI was based on
purulent discharge only (RR 0.62, 95% CI 0.42-0.91,
P =002, I*=64%). When RTCs of uncertain quality
were excluded, the use of PVI before primary would clo-
sure was only associated with a statistically significant
decrease in SSI in clean surgical fields (RR 0.25, 95% CI
0.09-0.70, P = 0.008, I* = 0%).

A slightly asymmetrical funnel plot of all 16 RCTs,
suggested a publication bias of studies that favored PVI
prophylaxis (Supplementary Fig. S1).

Also, TSA estimation for the primary outcome (SSI rate)
included all 7 RCTs with best quality
[28, 32, 36, 37, 39, 41, 42] using a 19% relative risk
reduction (RRR) and a proportion of 11% for a control
event rate (CER) with 51% for P2, the accrued information
size (n =4322) was 32.8% of the estimated optimal
information size (OIS) (n = 13,148) (Supplementary
Fig. S2).

Discussion

This meta-analysis showed that topical application of PVI
before primary closure of the surgical incision appears to
be effective to reduce the rate of SSI, with an overall
decrease in the incidence of SSI of 36%. However, this
favorable effect was mainly attributed to patients under-
going elective surgical procedures (59% reduction) and
mixed (elective and/or urgent) procedures (44% reduction).
In relation to secondary outcomes, an overall favorable
effect of PVI was also found in the subgroups of contam-
inated surgical field, PVI concentration of 3.5%, use of
aerosol spray, and when SSI definition was exclusively
based on purulent drainage.

These findings are consistent, at least in part, with
suggestions for the use of topical aqueous PVI solution in
some clinical guidelines [5] or the conclusion of a recent
meta-analysis in which prophylactic intraoperative wound
irrigation was analyzed [44]. However, a reliable meta-
analysis should be based on an adequate sample size (as
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Table 2 Quality of studies

Author, Randomization Concealment Blinded Definition SSI Intention to  Time Quality
year type evaluation treat assessment
Gilmore Random numbers Undescribed Yes Ljungqvist criteria® Undescribed 6 weeks Low
(28]
Sindelar Undescribed Undescribed Undescribed Pus developed at any time Undescribed 3 months Uncertain
[29]
Morgan Undescribed Undescribed Undescribed Definite discharge from the wound,  Undescribed 6 days Uncertain
[30] from which a swab could be taken
Naunton Undescribed Undescribed ~ Yes Pink and painful or purulent. Undescribed Unreported ~ Uncertain
Morgan
[31]
Walsh [32] Computer Undescribed ~ Yes Pus discharged in 1 months or Undescribed 1 month Low
random serosanguinolent drenaje with
number positive culture
Gray [33] Numbered Undescribed  Unclear Purulent discharge major or minor Undescribed 2 weeks Uncertain
randomization plus culture
card
De Jong Undescribed Undescribed  Undescribed Purulent discharge or culture of fluid Undescribed 4 weeks Uncertain
[34] from the wound result +
Rogers Odd or even Undescribed Undescribed Purulent discharge independent of Undescribed 1 month Uncertain
[35] nature of the culture result
last number of
hospital
number
Galland Sealed envelopes Undescribed Yes Pus within or discharged from the Undescribed 1 month Low
[36] wound
Lau [37] Sealed envelopes Undescribed Yes Ljungqvist criteria* combined with ~ Undescribed 6 weeks Low
the results of culture
Cheng Sealed envelopes Undescribed Undescribed Unusual pain, tenderness, erythema, Undescribed 2 months Uncertain
[38] induration, fever, or wound
drainage was noted, +_ cultures
Chang Sealed envelopes Yes Yes Undescribed Undescribed 19 months Low
[39]
Kokavec Undescribed Undescribed  Undescribed Tenderness, erythema, induration, Undescribed 1,5 months Uncertain
[40] fever, or wound drainage
Walker Sealed envelope  Undescribed  Yes Discharge of pus from wound, Undescribed 6 weeks Low
[41] (computer- Wound dehiscence with infection,
generated presence of pus and necrotic tissue
random
instruction)
Mahomed  Sealed envelope  Yes Yes Wound abscess or the wound was Undescribed 2 years High
[42] (computer- draining pus or serosanguineous
generated fluid, if there was redness,
random induration, warmth and tenderness
instruction) or if the woman’s general

practitioner (GP) had seen her and
prescribed antibiotics for
presumed infection

Ghafouri Computer- Undescribed  Undescribed  Signs (cellulitis >1 cm, Undescribed 10 days, at ~ Uncertain
[43] generated lymphangitis, presence of 1 month
randomization discharge, presence of necrotic telephone
blocks of 4 tissue and abscess) and symptoms call

(pain, dryness and itching) of
wound infection and presence/
absence of wound dehiscence

Ljungqvist criteria (clear collection of pus, which empties itself spontaneously or after incision) were defined in 1964 in the paper: Ljungqvist U.
Wound sepsis after clean operations. Lancet 1964;1(7342):1095-1097

SSI, Surgical site infection
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(a)
Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
8.3.1 Elective
Gray 1981 7 71 20 82 6.0% 0.40 (0.18, 0.90] 1981
Cheng 2005 0 208 7 206 0.9% 0.07 [0.00, 1.15] 2005 *
Chang 2006 0 120 6 124 0.9% 0.08 [0.00, 1.40] 2006 *
Kokavec 2008 0 89 2 73 0.8% 0.16 [0.01, 3.37] 2008 ¢
Walker 2013 1 31 3 36 1.5% 0.39 [0.04, 3.53] 2013
Mahomed 2016 81 676 82 669 9.9% 0.98 (0.73, 1.30] 2016 -
Subtotal (95% CI) 1195 1190 20.1% 0.41[0.17,0.97] -
Total events 89 120
Heterogeneity: Tau’ = 0.48; Chi’ = 11.97, df = 5 (P = 0.04); I’ = 58%
Test for overall effect: Z = 2.02 (P = 0.04)
8.3.2 Urgent
Morgan 1978 10 166 22 154 6.6% 0.42 (0.21, 0.86] 1978 ——
Naunton Morgan 1980 14 263 45 309 7.6% 0.37[0.21, 0.65]) 1980 I
Calland 1983 13 95 14 105 6.7% 1.03 [0.51, 2.07] 1983 i
Lau 1986 9 159 3 156 3.5% 2.94 (0.81, 10.67] 1986 T
Mahomed 2016 63 700 65 691 9.6% 0.96 [0.69, 1.33] 2016 -
Ghafouri 2016 15 196 14 193 6.7% 1.06 [0.52, 2.13] 2016 —
Subtotal (95% CI) 1579 1608 40.6% 0.79 [0.50, 1.27]
Total events 124 163
Heterogeneity: Tau’ = 0.22; Chi’ = 16.34, df = 5 (P = 0.006); I’ = 69%
Test for overall effect: Z = 0.96 (P = 0.34)
8.3.3 Mixed
Gilmore 1975 6 63 18 70 5.6% 0.37 (0.16, 0.87]) 1975 . —
Sindelar 1977 7 242 39 258 6.1% 0.19 [0.09, 0.42] 1977 —_—
Walsh 1981 28 308 40 319 8.6% 0.72 [0.46, 1.14] 1981 T
de Jong (1) 1982 17 154 21 142 7.5% 0.75(0.41, 1.36] 1982 -1
de Jong (2) 1982 22 149 15 137 7.3% 1.35[0.73, 2.49] 1982 e
Rogers 1983 4 86 11 101 4.2% 0.43 [0.14, 1.29] 1983 — T
Subtotal (95% CI) 1002 1027 39.3% 0.56 [0.33, 0.96] L
Total events 84 144
Heterogeneity: Tau’ = 0.30; Chi’ = 17.68, df = 5 (P = 0.003); I’ = 72%
Test for overall effect: Z = 2.13 (P = 0.03)
Total (95% CI) 3776 3825 100.0% 0.64 [0.48, 0.85] <&
Total events 297 427

ing 2 o 2 12 k + + 4
Heterogeneity: Tau = 0._20. Chi —_47.97. df = 17 (P < 0.0001); I’ = 65% 0.01 01 ‘ 10 100
Test for overall effect: Z = 3.05 (P = 0.002) Favours experimental Favours control
Test for subaroup differences: Chi® = 2.04, df = 2 (P = 0.36). I’ = 2.0%
(b) Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
8.6.1 High quality
Mahomed 2016 144 1376 147 1360 33.0% 0.97 (0.78, 1.20] 2016 i
Subtotal (95% CI) 1376 1360 33.0% 0.97 [0.78, 1.20]
Total events 144 147
Heterogeneity: Not applicable
Test for overall effect: Z = 0.29 (P = 0.77)
8.6.2 Low quality
Gilmore 1975 6 63 18 70 13.4% 0.37 (0.16, 0.87] 1975 e
Walsh 1981 28 308 40 319 24.6% 0.72 [0.46, 1.14]) 1981 —=
Calland 1983 13 95 14 105 16.9% 1.03 [0.51, 2.07] 1983 —
Lau 1986 9 159 3 156 7.4% 2.94 (0.81, 10.67] 1986 T
Chang 2006 0 120 6 124 1.8% 0.08 [0.00, 1.40] 2006 *
Walker 2013 1 31 3 36 2.9% 0.39 (0.04, 3.53] 2013
Subtotal (95% CI) 776 810 67.0% 0.73 [0.41, 1.33] S g
Total events 57 84
Heterogeneity: Tau® = 0.24; Chi’ = 10.45, df = 5 (P = 0.06); I’ = 52%
Test for overall effect: Z = 1.03 (P = 0.30)
Total (95% CI) 2152 2170 100.0% 0.81 [0.55, 1.20]
Total events 201 231 ﬂ

P 2 _ . 2 _ _ 2 ! Il 4 1
Heterogeneity: Tau’ = 0.11; Chi* = 12.13,df = 6 (P = 0.06); I’ = 51% 0.01 01 1 10 100

quality studies)

Test for overall effect: Z = 1.05 (P = 0.29)
Test for subaroup differences: Chi* = 0.74, df = 1 (P = 0.39), I’ = 0%

Favours experimental Favours control

Fig. 2 a SSI rate including all 16 RCTs and divided by type of surgery b SSI rate with only high- and low-quality studies (excluding uncertain
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Table 3 Secondary outcomes meta-analysis with all studies included and excluding uncertain quality studies

Meta-analysis with high-, low-, and uncertain quality studies

Meta-analysis excluding uncertain quality studies

Outcome No of No of RR  95% CI PP No of No of RR 95%CI P P
studies  patients studies  patients
Clean wound 9 1770 0.42 0.17-1.02 50 0.05 4 501 0.25 0.09-0.70 0 0.008
Clean-contaminated wound 6 2235 1 0.57-1.75 79 1 #
Contaminated wound 9 3417 0.66 0.44-098 59 0.04 4 1971 097 0.62-1.54 41 0.90
Dirty wound 4 179 0.56 0.22-1.39 54 0.21 #
Definition of SSI as only pus 10 3084 0.62 0.42-091 64 0.02 5 1342 0.80 0.46-1.39 50 0.42
discharge
Definition of SSI as not only pus 5 4273 0.61 0.32-1.18 72 0.14 #
discharge
PVI Irigation solution 1% 4 1500 0.76 0.30-1.93 82 0.56 #
PVI Irrigation solution 10% 3 3209 097 0.65-1.43 38 0.87 #
PVI Irrigation solution 3.5% 3 820 0.09 0.02-0.50 0 0.006 #
PVI spray 6 2005 0.53 0.37-0.75 40 0.0003 3 960 0.69 0.43-1.12 39 0.13
Systemic antibiotic association 4 2165 0.25 0.04-143 62 0.12 #
(elective surgery)
Systemic antibiotic association 3 1906 1.09 0.71-1.66 27 0.69 3 1906 1.09 0.71-1.66 27 0.69

(emergency surgery)

Statistical significance in bold

SSI, surgical wound infection; PVI, povidone iodine; CI, confidence interval; P heterogeneity, RR, risk ratio

# No more than two studies for the meta-analysis

considered in any trial with a sufficient statistical power to
detect differences between groups). This requires a more
exhaustive exploration of data by calculating the optimal
information size (OIS) with tools such as TSA. Also, the
exclusion of trials of low or uncertain quality is another
factor that may be essential, since the inclusion of these
studies may overestimate the magnitude of the effect.
These two considerations are necessary when doing a
meta-analysis fit for purpose [45]. Apparently, none of the
recently published clinical practice guidelines for SSI
prevention [4-7] or meta-analysis [44] performed an esti-
mation of TSA or excluded studies of low or uncertain
quality from the analysis.

In the present meta-analysis after exclusion of RCTs of
low or uncertain quality, the application of PVI before
primary wound closure was not associated with a signifi-
cant decrease of SSI. Moreover, TSA estimations based on
RCTs of better quality revealed an estimated OIS of
13,148, which was markedly higher than all 4322 patients
included in the analysis, with an accrued information size
of only 32.8% of the optimal reliable information required
to draw consistent conclusions. Therefore, the present data
do not provide evidence to support a conclusive recom-
mendation for the topical use of PVI aqueous solution
before primary wound closure to reduce the rate of SSI.
Other aspects limiting a clear recommendation of the use of
PVI include some considerations. Firstly, after exclusion of

@ Springer

RCTs of wuncertain quality, 7 studies remained
[28, 32, 36, 37, 39, 41, 42] for the analysis, 6 of which
[28, 32, 36, 37, 39, 41] were of low quality, and only 1
RCT of high quality [42] was the largest regarding the
study population, the authors of which considered that PVI
was not beneficial at least in women undergoing a cesarean
section. Secondly, RCTs of the better quality included
heterogeneous definitions of SSI, with variability in the
follow-up. Thus, 4 of these studies [28, 32, 36, 37] were
published before introduction of the currently accepted
definition of SSI [2, 3] more than 30 years ago. Thirdly, the
acceptable SSI rate in clean surgical fields is less than 5%
[46, 47]; in the sensitivity analysis for secondary outcomes
after exclusion of RCTs of uncertain quality it was found
that PVI was only effective in clean surgical wounds;
however, the baseline SSI rate observed in the control arm
was greater than what is considered acceptable, so the
effect of PVI in clean wounds could have been overesti-
mated. Also, after exclusion of RCTs of uncertain quality
the favorable effect of PVI in contaminated fields disap-
pears. Fourthly, the slightly asymmetric funnel plot
revealed a possible publication bias toward studies in favor
of topical PVI. This finding may be explained by selective
publication of studies, leading to overestimation of the
effectiveness of the intervention.

Summarizing, PVI as an irrigation solution is frequently
applied by surgeons to prevent SSI as shown by different
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cross-sectional surveys [48, 49]. This frequent use may be
justified arguing that it is a measure of “high” yield and
“low” healthcare cost because PVI has a broad antimi-
crobial spectrum, weak allergenic activity, and limited
cytotoxicity [8]. However, in some occasions, healthcare
procedures with apparently high performance and low cost
become widely used with inadequate proof of benefit [50],
which may be a low-value practice and susceptible for
medical reversal when better powered and design studies
contradict the current practice [51].

We conclude that on the basis of the available evidence,
topical application of PVI aqueous solution in the surgical
wound before primary closure to prevent SSI cannot be
recommended, at least in the context of the patient popu-
lation included in our meta-analysis. We do not seek to
issue a final determination regarding any particular prac-
tice, and recommendation against the use of this antiseptic
does not mean that topical PVI is useless, only that there no
conclusive evidence for a generalized recommendation of
this measure and for any type of surgery. More well-de-
signed RCTs and with clear consensuated definitions of SSI
as well as SSI registries and measures used for SSI pre-
vention are needed to establish a firm conclusion on this
elusive matter.

Acknowledgements The authors are grateful to Marta Pulido, MD,
PhD, for provision of editing services.

Compliance with ethical standards

Conflict of interest The Authors declare that they have no conflict of
interest.

References

1. Abbas M, Pittet D (2016) Surgical site infection prevention: a
global priority. J Hosp Infect. https://doi.org/10.1016/j.jhin.2016.
06.002

2. Mangram AJ, Horan TC, Pearson ML et al (1999) Guideline for
prevention of surgical site infection, 1999. Hospital Infection
Control Practices Advisory Committee. Infect Control Hosp
Epidemiol 20:250e278 (quiz 79¢80)

3. Heal CF, Banks JL, Lepper PD et al (2016) Topical antibiotics for
preventing surgical site infection in wounds healing by primary
intention. Cochrane Database Syst Rev. https://doi.org/10.1002/
14651858.CD011426.pub2

4. Allegranzi B, Bischoff P, de Jonge S et al (2016) New WHO
recommendations on preoperative measures for surgical site
infection prevention: an evidence-based global perspective.
Lancet Infect Dis 16:e276-287

5. Allegranzi B, Zayed B, Bischoff P et al (2016) WHO recom-
mendations on intraoperative and postoperative measures for
surgical site infection prevention: an evidence-based global per-
spective. Lancet Infect Dis 16:e288-e303

6. Berrios-Torres SI, Umscheid CA, Bratzler DW et al (2017)
Centers for disease control and prevention guideline for the

10.

11.

12.

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

prevention of surgical site infection, 2017. JAMA Surg. https://
doi.org/10.1001/jamasurg.2017.0904

. National Institute for Health and Care Excellence (2008) Surgical site

infection: prevention and treatment of surgical site infection. Clinical
guideline 74. London: National Institute for Health and Care Excel-
lence. https://www.nice.org.uk/guidance/cg74. Accessed Feb 2017

. Lachapelle JM, Castel O, Fueyo Casado A et al (2013)

Antiseptics in the era of bacterial resistance: a focus on povidone
iodine. Clin Pract 10:579-592

. Liberati A, Altman DG, Tetzlaff J et al (2009) The PRISMA

statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and
elaboration. J Clin Epidemiol 62:el1-e34

Stone PW (2002) Popping the (PICO) question in research and
evidence-based practice. Appl Nurs Res 15:197-198

Higgins JP, Altman DG, Gotzsche PC et al (2011) The Cochrane
Collaboration’s tool for assessing risk of bias in randomized tri-
als. BMJ 343:d5928

Higgins JPT, Thompson SG, Deeks JJ et al (2003) Measuring
inconsistency in meta-analyses. BMJ 327:557-560

Thorlund K, Imberger G, Walsh M (2011) The number of patients
and events required to limit the risk of overestimation of inter-
vention effects in meta-analysis-a simulation study. PLoS ONE
6:25491

Thorlund K, Engstrgm J, Wetterslev J, et al (2011) User manual
for trial sequential analysis (TSA). Copenhagen, Denmark:
Copenhagen Trial Unit, Centre for Clinical Intervention Research
1-115. http://www.ctu.dk/tsa. Accessed Feb 2018

Tanphiphat C, Sangsubhan C, Vongvaravipatr V et al (1978)
Wound infection in emergency appendicectomy: a prospective
trial with tropical ampicillin and antiseptic solution irrigation. Br
J Surg 65:89-91

. Lau WY, Wong SH (1981) Randomized, prospective trial of

topical hydrogen peroxide in appendectomy wound infection.
High risk factors. Am J Surg 142:393-397

Czarnecki D, Meehan C, Nash C (1992) Prevention of post-ex-
cisional wound infections: a comparison of oral cephalexin with
topical mupirocin and topical cetrimide—chlorhexidine cream. Int
J Dermatol 31:359-360

Anglen JO (2005) Comparison of soap and antibiotic solutions
for irrigation of lower-limb open fracture wounds. A prospective,
randomized study. J Bone Joint Surg Am 87:1415-1422

. Tijerina J, Velasco-Rodriguez R, Vasquez C et al (2010) Effec-

tiveness of a systemic antibiotic followed by topical ionized
solution as surgical site infection prophylaxis. J Int Med Res
38:1287-1293

Pollock AV, Evans M (1975) Povidone-iodine for the control of
surgical wound infection: a controlled clinical trial against topical
cephaloridine. Br J Surg 62:292-294

Kiff RS, Lomax J, Fowler L et al (1988) Ceftriaxone versus
povidone iodine in preventing wound infections following biliary
surgery. Ann R Coll Surg Engl 70:313-316

Ko W, Lazenby WD, Zelano JA et al (1992) Effects of shaving
methods and intraoperative irrigation on suppurative mediastinitis
after bypass operations. Ann Thorac Surg 53:301-305

Harihara Y, Konishi T, Kobayashi H et al (2006) Effects of
applying povidone-iodine just before skin closure. Dermatology
212(Suppl 1):53-57

Ghafouri HB, Zare M, Bazrafshan A et al (2016) Randomized,
controlled trial of povidone-iodine to reduce simple traumatic
wound infections in the emergency department. Injury
47:1913-1918

Tighe B, Anderson M, Dooley C et al (1982) Betadine irrigation
following appendicectomy—a randomized prospective trial. Ir
Med J 75:96

@ Springer


https://doi.org/10.1016/j.jhin.2016.06.002
https://doi.org/10.1016/j.jhin.2016.06.002
https://doi.org/10.1002/14651858.CD011426.pub2
https://doi.org/10.1002/14651858.CD011426.pub2
https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.1001/jamasurg.2017.0904
https://www.nice.org.uk/guidance/cg74
http://www.ctu.dk/tsa

384

World J Surg (2019) 43:374-384

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sindelar WF, Brower ST, Merkel AB et al (1985) Randomised
trial of intraperitoneal irrigation with low molecular weight
povidone-iodine solution to reduce intra-abdominal infectious
complications. J Hosp Infect 6(Supp A):103-114

Sindelar WF, Mason GR (1979) Irrigation of subcutaneous tissue
with povidone-iodine solution for prevention of surgical wound
infections. Surg Gynecol Obstet 148:227-231

Gilmore OJ, Sanderson PJ (1975) Prophylactic interparietal
povidone-iodine in abdominal surgery. Br J Surg 62:792-799
Sindelar WF, Mason GR (1977) Efficacy of povidone-iodine
irrigation in prevention of surgical wound infections. Surg Forum
28:48-51

Morgan WJ (1978) Povidone-iodine spray for wounds sutured in
the accident department. Lancet 1:769

Naunton Morgan TC, Firmin R, Mason B et al (1980) Prophy-
lactic povidone iodine in minor wounds. Injury 12:104-106
Walsh JA, Watts JM, McDonald PJ et al (1981) The effect of
topical povidone-iodine on the incidence of infection in surgical
wounds. Br J Surg 68:185-189

Gray JG, Lee MJ (1981) The effect of topical povidone iodine on
wound infection following abdominal surgery. Br J Surg
68:310-313

de Jong TE, Vierhout RJ, van Vroonhoven TJ (1982) Povidone-
iodine irrigation of the subcutaneous tissue to prevent surgical
wound infections. Surg Gynecol Obstet 155:221-224

Rogers DM, Blouin GS, O’Leary JP (1983) Povidone-iodine
wound irrigation and wound sepsis. Surg Gynecol Obstet
157:426-430

Galland RB, Karlowski T, Midwood CJ et al (1983) Topical
antiseptics in addition to peroperative antibiotics in preventing
post-appendicectomy wound infections. Ann R Coll Surg Engl
65:397-399

Lau WY, Fan ST, Chu KW et al (1986) Combined topical
povidone-iodine and systemic antibiotics in postappendicectomy
wound sepsis. Br J Surg 73:958-960

Cheng MT, Chang MC, Wang ST et al (2005) Efficacy of dilute
betadine solution irrigation in the prevention of postoperative
infection of spinal surgery. Spine (Phila Pa 1976) 30:1689-1693
Chang FY, Chang MC, Wang ST et al (2006) Can povidone-
iodine solution be used safely in a spinal surgery? Eur Spine J
15:1005-1014

Kokavec M, Fristdkovd M (2008) Efficacy of antiseptics in the
prevention of post-operative infections of the proximal femur, hip

@ Springer

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

and pelvis regions in orthopedic pediatric patients. Analysis of
the first results. Acta Chir Orthop Traumatol Cech 75:106-109
Walker SR, Smith A (2013) Randomized, blinded study to assess
the effect of povidone-iodine on the groin wound of patients
undergoing primary varicose vein surgery. ANZ J Surg
83:844-846

Mahomed K, Ibiebele I, Buchanan J et al (2016) The Betadine
trial—antiseptic wound irrigation prior to skin closure at cae-
sarean section to prevent surgical site infection: a randomised
controlled trial. Aust N Z J Obstet Gynaecol 56:301-306
Ghatouri HB, Zavareh M, Jalili F et al (2016) Is 1% povidone-
iodine solution superior to normal saline for simple traumatic
wound irrigation? Wound Medicine 15:1-5

de Jonge SW, Boldingh QJJ, Solomkin JS et al (2017) Systematic
review and meta-analysis of randomized controlled trials evalu-
ating prophylactic intra-operative wound irrigation for the pre-
vention of surgical site infections. Surg Infect (Larchmt)
18:508-519

Roberts I, Ker K, Edwards P et al (2015) The knowledge system
underpinning healthcare is not fit for purpose and must change.
BMJ 350:h2463

Cruse PJ, Foord R (1980) The epidemiology of wound infection.
A 10-year prospective study of 62 939 wounds. Surg Clin North
Am 60:27-40

Culver DH, Horan TC, Gaynes RP et al (1991) Surgical wound
infection rates by wound class, operative procedure, and patient
risk index. National Nosocomial Infections Surveillance System.
Am J Med 91:1525-157S

Pivot D, Tiv M, Luu M et al (2011) Survey of intraoperative
povidone-iodine application to prevent surgical site infection in a
French region. J Hosp Infect 77:363-364

BusinessWire (2013) Survey conducted at AORN congress
reveals need for new and better surgical site infection prevention
strategies. http://www.businesswire.com/news/home/2013031100
5412/en/Survey-Conducted-AORN-Congress-Reveals-Surgical-
Site. Accessed June 2018

Grady D, Redberg RF (2010) Less is more: how less health care
can result in better health. Arch Intern Med 170:749-750
Prasad V, Vandross A, Toomey C et al (2013) A decade of
reversal: an analysis of 146 contradicted medical practices. Mayo
Clin Proc 88:790-798


http://www.businesswire.com/news/home/20130311005412/en/Survey-Conducted-AORN-Congress-Reveals-Surgical-Site
http://www.businesswire.com/news/home/20130311005412/en/Survey-Conducted-AORN-Congress-Reveals-Surgical-Site
http://www.businesswire.com/news/home/20130311005412/en/Survey-Conducted-AORN-Congress-Reveals-Surgical-Site

	A Meta-analysis of Prophylaxis of Surgical Site Infections with Topical Application of Povidone Iodine Before Primary Closure
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Systematic literature search
	Selection of studies and extraction of data
	Assessment
	Statistical analysis

	Results
	Primary outcome
	Secondary outcomes

	Discussion
	Acknowledgements
	References




