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Abstract

Purpose Surgical site infection (SSI) remains to be one of the
most frequent infectious complications following abdominal
surgery. Prophylactic intra-operative wound irrigation (IOWTI)
before skin closure has been proposed to reduce bacterial
wound contamination and the risk of SSI. However, current
recommendations on its use are conflicting especially
concerning antibiotic and antiseptic solutions because of their
potential tissue toxicity and enhancement of bacterial drug
resistances.

Methods To analyze the existing evidence for the effect of
IOWI with topical antibiotics, povidone-iodine (PVP-I) solu-
tions or saline on the incidence of SSI following open abdom-
inal surgery, a systematic review and meta-analysis of ran-
domized controlled trials (RCTs) was carried out according
to the recommendations of the Cochrane Collaboration.
Results Forty-one RCTs reporting primary data of over 9000
patients were analyzed. Meta-analysis on the effect of IOWI
with any solution compared to no irrigation revealed a signif-
icant benefit in the reduction of SSI rates (OR=0.54, 95 %
confidence Interval (CI) [0.42; 0.69], p<0.0001). Subgroup
analyses showed that this effect was strongest in colorectal
surgery and that IOWI with antibiotic solutions had a stronger
effect than irrigation with PVP-I or saline. However, all of the
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included trials were at considerable risk of bias according to
the quality assessment.

Conclusion These results suggest that IOWI before skin clo-
sure represents a pragmatic and economical approach to re-
duce postoperative SSI after abdominal surgery and that anti-
biotic solutions seem to be more effective than PVP-I solu-
tions or simple saline, and it might be worth to re-evaluate
their use for specific indications.

Keywords Surgical site infection - Abdominal surgery -
Wound irrigation - Antiseptic solutions - Topical antibiotics

Introduction

Postoperative surgical site infection (SSI) represents as one of
the most frequent complications following abdominal surgery.
In the USA, an estimated 300,000 to 500,000 cases of SSI
occur annually [1, 2]. Similar figures are reported from Ger-
many [3, 4], the UK [5], and France [6]. The incidence of SSI
varies substantially, depending on the type and site of surgery
[2]. According to recent high-level randomized controlled tri-
als (RCTs) with standardized SSI definitions, rates range from
around 15 % (BaFo trial [7]; PROUD trial [8]) up to 25 %
(ROSSINI trial) [9] following laparotomy for visceral surgery.
SSIs contribute substantially to postoperative morbidity and
mortality and have been shown to significantly increase the
mean length of hospital stay and treatment costs [1, 6, 10].
Therefore, measures to prevent SSI are urgently needed.
Hypothetically, intra-operative wound irrigation (IOWI)
with saline, povidone-iodine (PVP-I) solutions, or topical an-
tibiotics represents a simple and economically reasonable
measure to reduce SSI rates. Currently, clinical practice is
largely variable and depends on individual preferences and
hospital doctrines. Surveys have shown that epifascial [OWI
with PVP-I solution is widely used by abdominal surgeons
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[11-13]. Wound irrigation with simple saline or with saline
containing antibiotics is another common clinical practice
[12—14]. It seems a logical measure to reduce bacterial wound
contamination and clean the wound from blood clots and ne-
crotic tissue. However, the current clinical guideline published
by the UK’s National Institute for Health and Care Excellence
(NICE) advises against the routine use of IOWI with topical
antibiotics or antiseptics due to potential adverse effects, tissue
toxicity of antiseptics, and increased development of bacterial
resistances [5, 15]. Yet, the level of evidence for these recom-
mendations is poor. Clinical trials investigating the efficacy of
IOWI have been conducted mainly in the 1970-1990s, and
their results are inconclusive; heterogeneous patient inclusion
and outcome criteria were used. A few systematic reviews and
meta-analyses on the use of PVP-I or antibiotic solutions have
been conducted [12, 16—19]; however, none of them resulted
in a definite conclusion, although they all observed a positive
trend in the reduction of SSI rates. To determine the current
state of knowledge, we conducted a systematic review, includ-
ing all available clinical trials evaluating IOWI with either
saline, PVP-I, or antibiotic solutions for the prevention of
SSI following laparotomy.

Methods
Information sources and search strategy

Pubmed/MEDLINE, EMBASE, and the Cochrane Central
Register of Controlled Trials (CENTRAL) were searched in
May 2013. The following search terms were used in various
combinations: prevention of surgical site infection, abdominal
surgery, surgical wound infection/prevention and control
[MeSH Terms], wound irrigation, wound lavage, incisional
surgical site infection, intra operative irrigation, intra operative
lavage, antibiotic irrigation, antibiotic irrigation solutions, io-
dine irrigation, povidone iodine irrigation, saline irrigation,
and topical anti infective agents [MeSH Terms]. The abstract
and title search was limited to clinical trials published in En-
glish or German between January 1, 1970 and May 1, 2013. In
addition, all articles within the reference list of retrieved stud-
ies and reviews were hand-searched. The search was per-
formed by two independent reviewers and followed the pub-
lished protocol corresponding to the PRISMA statement [20]
and the Cochrane Handbook of systematic reviews of inter-
ventions [21].

Eligibility criteria and study selection
Prospective RCTs investigating the primary outcome of post-
operative SSI after IOWI of the surgical incision after closure

of the fascia or peritoneum and before skin closure were eli-
gible for inclusion. Trials with primary endpoints of infectious
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complications unrelated to the incision were excluded (e.g.,
implant infections). Eligible irrigation solutions were saline,
PVP-I, or topical antibiotics in different forms and concentra-
tions (dry powder sprays or wound powder were also accept-
able), irrespective of the closure and irrigation technique. Ac-
ceptable comparators were “no irrigation” or irrigation with
saline. All types of open abdominal surgeries were eligible,
including visceral, gynecological, urological, or vascular pro-
cedures irrespective of the urgency of operation (elective or
emergency). All trials reporting clinical SSI were included
irrespective of the SSI definition used. However, purely bac-
teriological studies were not included [22, 23]. Trials using
intra-abdominal/-cavity irrigation as well as trials on skin re-
disinfection of the wound edges were excluded, since this was
considered to be a different intervention. In addition, retro-
spective studies and studies that did not report primary data
were excluded. Finally, trials in which only one of the com-
pared treatment arms received systemic prophylactic antibi-
otics were excluded, as this would have caused substantial
bias.

Data collection and evaluation of risk of bias

When retrieved abstracts seemed to meet the inclusion criteria,
both reviewers read full-text articles and extracted data inde-
pendently. Disagreements were resolved by reaching a con-
sensus with the remaining authors. Data were extracted on
type of study, publication date, field of surgery, methodology
and number of participants, inclusion and exclusion criteria,
type of intervention, and used irrigation agent. Furthermore,
the definition of outcomes and the reported SSI rates in each
group were extracted. Data on potential sources of heteroge-
neity, like the SSI definition used and the type of surgery, were
also extracted. Methodological quality of individual clinical
trials was assessed by examination of the allocation sequence,
allocation concealment and double blinding using the
Cochrane tool for assessing the risk of bias [21]. The risk of
bias was graded as low, unclear, or high. In addition, the risk
of publication bias was investigated by means of a funnel plot.

Synthesis of results

Analysis of the trials was performed for two groups of trials:
(1) IOWI compared to no IOWI (group A) and (2) IOWI with
PVP-I/antibiotics compared to IOWI with saline (group B).
Furthermore, subgroup analyses were performed for colorec-
tal vs. non-colorectal procedures and for each irrigation solu-
tion. Absolute numbers of patients and events are presented
for each trial incorporated in the meta-analyses and the corre-
sponding subgroups. Odds ratios with 95 % confidence inter-
vals (CIs) were estimated for each trial from the numbers of
events and patients treated. Due to the naturally expected het-
erogeneity in performance of surgical procedures between
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different types of surgery, grade of contamination, and hence
trials, random effect models with Mantel-Haenszel weights
were used to estimate the average treatment effect and a cor-
responding 95 % CI. Forest plots are shown to illustrate treat-
ment effects estimated for each trial and the estimated average
treatment effect for all investigated subgroups. For each anal-
ysis, tau” is presented as an estimate for the variance of true
treatment effects between the trials, and the estimated propor-
tion of variability that can be referred to trial heterogeneity is
indicated by the /* statistic. Additionally, the results of a x>
test for heterogeneity are presented. A two-sided level of sig-
nificance of less than 5.0 % was considered for all tests. The
software Review Manager 5.2 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, 2012) was used
for analyses and generation of illustrations.

Results
Trial selection

The process of selection of trials included in this review is
summarized in Fig. 1. Forty-one RCTs, reporting primary data
of 9142 patients, were found eligible for inclusion in this
analysis. The trials were separated into group A (IOWI vs.
no IOWI), which consisted of 35 trials (8472 patients), and

group B (IOWI with antibiotics of antiseptics vs. saline),
which comprised 6 trials (1062 patients). One additional trial
(Sindelar et al. 1979) was included for a qualitative analysis in
group B, since the number of patients undergoing abdominal
surgery in this trial was substantial, but SSI rates were not
separately reported from other included types of surgery such
as head and neck and trauma surgery [24].

Study characteristics: methods, patients, intervention
and controls, outcomes

Table 1 shows the basic characteristics of trials, including
types of surgeries performed, number of included patients,
and the type of treatment and control interventions. Four trials
were three-armed (intervention groups 1 and 2 vs. control
group) [26, 30, 32, 34]. Another six trials were three-armed,
but one arm had to be excluded from the analysis because
patients received parenteral antibiotics [36, 37, 41, 48, 49] or
a non-valid irrigation solution according to our inclusion
criteria [39]. The remaining 31 studies were two-armed. In-
clusion and exclusion criteria as well as SSI definitions used in
all included trials are presented in the supplement information
(supplement 1). Table 2 shows the reported outcomes, length
of follow-up, and SSI rates in intervention and control groups.
Overall, the observed total SSI rates ranged from 3.0 [40] to
58.2 % [52]. The length of follow-up varied largely between

Fig. 1 Summary of the study
selection process (PRISMA flow
chart)
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trials; however, the majority performed follow-up for 4 weeks.
Ten trials did not specify the length of follow-up [26, 27,
36-38, 54, 58, 61-63].

Risk of bias evaluation

The results of the risk of bias evaluation are presented as a table
in supplement 2. According to the Cochrane handbook’s defi-
nition [21], 18 of the included trials were judged to be at “high
risk of bias” and 23 trials were at an “unclear risk of bias”
mostly due to a lack of information available from the older
trials. The funnel plots (supplement 2) showed an asymmetry in
the plot of group A which indicates a possible publication bias,
as all included trials with a high standard error for the log odds
ratio show a large benefit for the experimental group.

Meta-analysis of IOWI vs. no irrigation

The meta-analysis of trials in group A (35 RCTs including
8472 patients) for estimation of the average effect of IOWI
on postoperative SSI rates showed that IOWI with any of
the included irrigation solutions significantly reduced the
rate of postoperative SSIs compared to no irrigation (OR=

Any Irrigation No Irrigation

0.54, 95 % CI [0.42; 0.69], p<0.0001) (Fig. 2). The sub-
group analysis comparing colorectal and non-colorectal
procedures included 30 trials. In the remaining five trials,
this subgroup analysis was not applicable, as the exact
numbers of colorectal procedures were not specified. Re-
sults showed that the estimated beneficial effect of IOWI
was significant only in colorectal surgeries (OR=0.51,
95 % CI [0.37; 0.72], p=0.0001) compared to non-
colorectal surgeries (OR=0.69, 95 % CI [0.43; 1.09], p=
0.11) (Fig. 3a, b). The subgroup analysis for each individ-
ual irrigation solution revealed that the estimated effect of
IOWI with antibiotic solutions (OR=0.39, 95 % CI [0.27,
0.55], p<0.0001) was larger than the effect from IOWI
with PVP-I (OR=0.70, 95 % CI [0.51; 0.97], p=0.03)
compared to no irrigation. IOWI with saline compared to
no irrigation did not have a significant effect (OR=0.64,
95 % CI1[0.28; 1.46], p=0.29) (Fig. 4a—c).

Meta-analysis of IOWI with topical antibiotics or PVP-I vs.
saline irrigation

Meta-analysis of trials in group B (six RCTs including 1062

patients) showed that IOWI with either antibiotics or PVP-I

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Mountain 1970 7 76 18 74 3.1% 0.32[0.12,0.81] 1970
Madsen 1971 0 32 8 32  0.7% 0.04[0.00,0.81] 1971
Longland 1971 10 100 38 200 3.7% 0.47[0.23, 1.00] 1971 I
Andersen, Korner 1972 3 120 22 120 2.3% 0.11[0.03, 0.39] 1972
Andersen, Bendtsen 1972 10 245 42 245  3.7% 0.211[0.10, 0.42] 1972 I
Mackie 1973 4 69 2 23 1.5% 0.65[0.11,3.78] 1973 [ E—
Gilmore, Martin 1974 26 199 24 151 4.1% 0.80 [0.44, 1.45] 1974 I
Bates 1974 3 100 16 100 2.3% 0.16 [0.05, 0.58] 1974 e —
Gilmore, Sanderson 1975 6 63 18 70  2.9% 0.30[0.11,0.82] 1975
Jensen 1975 10 184 6 83 2.8% 0.74[0.26, 2.10] 1975 - 1
McCluskey 1976 21 56 14 54  3.4% 1.71[0.76, 3.87] 1976 T
Galland 1977 14 39 18 39 3.2% 0.65[0.26, 1.62] 1977 I
Stokes 1977 11 55 21 62  3.3% 0.491[0.21, 1.14] 1977 —
Tanphiphat 1978 4 122 12 124 2.5% 0.32[0.10, 1.01] 1978
Barr 1978 1 28 23 60 1.2% 0.06[0.01,0.47] 1978
Andersen, Burcharth 1980 5 196 7 102 2.5% 0.36[0.11, 1.15] 1980 D —
Kothuis 1981 16 102 15 118  3.6% 1.28 [0.60, 2.73] 1981 1T
Gray 1981 7 71 20 82 3.1% 0.34[0.13,0.86] 1981 e
Walsh 1981 28 308 40 319  44% 0.70[0.42, 1.16] 1981 T
Ostergaard 1981 3 120 22 120 2.3% 0.11[0.03, 0.39] 1981 e —
Foster 1981 29 119 27 117 41% 1.07 [0.59, 1.96] 1981 T
de Jong 1982 39 303 45 279  4.5% 0.77 [0.48, 1.22] 1982 e
Galland 1983 13 95 14 105  3.4% 1.03 [0.46, 2.32] 1983 R
Sherlock 1984 6 39 13 36 2.6% 0.32[0.11,0.97] 1984 -
Sood 1984 0 29 4 26 0.6% 0.08 [0.00, 1.66] 1984 ¢
Juul 1985 5 105 5 98  2.3% 0.93[0.26, 3.32] 1985 -1
Lau 1986 9 159 3 156  2.2% 3.06[0.81, 11.52] 1986 7
Moesgaard, Nielsen 1988 24 41 22 38 3.2% 1.03[0.42,2.51] 1988 T
Raahave 1989 5 81 6 89 24% 0.91[0.27, 3.10] 1989 S —
Seco 1989 5 126 15 120 2.8% 0.29[0.10, 0.82] 1989
Moesgaard et al. 1989 15 87 14 90 3.5% 1.13[0.51,2.51] 1989 T
Cervantes-Sanchez 2000 11 127 39 156  3.7% 0.28[0.14, 0.58] 2000 I
Al-Ramahi 2006 11 104 10 102 3.2% 1.09 [0.44, 2.69] 2006 I
Pradhan 2009 1 35 6 35 1.1% 0.14[0.02,1.25] 2009 — |
Glingordiik 2012 17 260 19 260 3.9% 0.89[0.45, 1.75] 2012 I
Total (95% CI) 3995 3885 100.0% 0.54 [0.42, 0.69] ¢
Total events 379 628

iy 2 - - Chi2 = - <12 = 609 b t t |
Heterogeneity: Tau? = 0.31; Chi? = 85.15, df = 34 (P < 0.00001); I> = 60% 0.01 01 1 10 100

Test for overall effect: Z = 4.86 (P < 0.00001)

Favours "Any Irrigation” Favours "No Irrigation"

Fig. 2 Forest plot of IOWI with any irrigation solution vs. no irrigation (group A). Individual and pooled effect estimates for all 35 included studies are

shown
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a o o ) .
Any Irrigation No Irrigation Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Mountain 1970 7 76 18 74 4T% 0.32[0.12, 0.81] 1970
Longland 1971 10 100 38 200 5.5% 0.47[0.23, 1.00] 1971
Andersen, Bendtsen 1972 10 245 42 245  5.6% 0.21[0.10, 0.42] 1972 -
Andersen, Korner 1972 3 120 22 120 3.7% 0.11[0.03, 0.39] 1972 e
Mackie 1973 4 69 2 23 2.5% 0.65[0.11, 3.78] 1973 —
Gilmore, Martin 1974 26 199 24 151 6.0% 0.80 [0.44, 1.45] 1974 T
Bates 1974 3 100 16 100 3.7% 0.16 [0.05, 0.58] 1974 e
Jensen 1975 10 184 6 83  4.3% 0.74[0.26, 2.10] 1975 -1
McCluskey 1976 6 13 3 15 27% 3.43[0.65, 18.22] 1976 T
Galland 1977 7 16 9 14 3.1% 0.43[0.10, 1.89] 1977
Barr 1978 0 13 17 31 1.2% 0.03[0.00,0.56] 1978 ————
Tanphiphat 1978 4 122 12 124 4.0% 0.32[0.10, 1.01] 1978 D
Kothuis 1981 11 28 8 20 3.9% 0.97 [0.30, 3.14] 1981 -1
Foster 1981 29 119 27 117 6.0% 1.07 [0.59, 1.96] 1981 -1
Ostergaard 1981 3 120 22 120 3.7% 0.11[0.03, 0.39] 1981 -
Galland 1983 13 95 14 105 52% 1.03[0.46, 2.32] 1983 T
Sherlock 1984 6 39 13 36  4.2% 0.32[0.11, 0.97] 1984 -
Juul 1985 5 105 5 98 3.6% 0.93[0.26, 3.32] 1985 -1
Lau 1986 9 159 3 156 3.5% 3.06 [0.81, 11.52] 1986 T
Moesgaard, Nielsen 1988 24 41 22 38  4.9% 1.03[0.42,2.51] 1988 -1
Raahave 1989 5 81 6 89 3.8% 0.91[0.27, 3.10] 1989 T
Seco 1989 5 126 15 120 4.4% 0.29[0.10, 0.82] 1989 -
Moesgaard et al. 1989 8 64 9 67 4.4% 0.92[0.33, 2.55] 1989 T
Cervantes-Sanchez 2000 11 127 39 156 5.6% 0.28 [0.14, 0.58] 2000 -
Total (95% CI) 2361 2302 100.0% 0.51[0.37,0.72] <&
Total events 219 392
(TR 2 — . 2 = - <12 = 09 [ + + d
Heterogeneity: Tau? = 0.41; Chi? = 60.70, df = 23 (P < 0.0001); I> = 62% 0.01 01 1 10 100

Test for overall effect: Z = 3.82 (P = 0.0001)

Favours "Any Irrigation" Favours "No Irrigation"

b Any Irrigation  No Irrigation Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Madsen 1971 0 32 8 32 2.3% 0.04[0.00,0.81] 1971
McCluskey 1976 15 38 11 40 11.3% 1.72[0.66, 4.45] 1976 T -
Galland 1977 7 23 9 25 8.8% 0.78[0.23, 2.60] 1977 -1
Barr 1978 1 15 6 29 3.7% 0.27 [0.03, 2.52] 1978
Andersen, Burcharth 1980 5 196 7 102 9.1% 0.36 [0.11, 1.15] 1980 L
Kothuis 1981 13 74 15 98 13.0% 1.18 [0.52, 2.66] 1981 e
Gray 1981 7 71 20 82 11.6% 0.34[0.13,0.86] 1981 e
Sood 1984 0 29 4 26 2.2% 0.08 [0.00, 1.66] 1984 ¢
Moesgaard et al. 1989 7 23 5 23 7.8% 1.57 [0.42, 5.96] 1989 1
Al-Ramahi 2006 11 104 10 102 11.9% 1.09 [0.44, 2.69] 2006 I
Pradhan 2009 1 35 6 35 3.8% 0.14 [0.02, 1.25] 2009 r
Giingordik 2012 17 260 19 260 14.7% 0.89[0.45, 1.75] 2012 "
Total (95% Cl) 900 854 100.0% 0.69 [0.43, 1.09] L
Total events 84 120
PR 2 = . 2 = - = <12 = 449 ; + + d
Heterogeneity: Tau? = 0.26; Chi? = 19.67, df = 11 (P = 0.05); I1> = 44% 0.01 01 ] 10 100

Test for overall effect: Z=1.59 (P =0.11)

Favours "Any Irrigation" Favours "No Irrigation”

Fig. 3 a Subgroup analysis of any irrigation vs. no irrigation in colorectal surgeries. b Subgroup analysis of any irrigation vs. no irrigation in non-

colorectal surgeries

was more effective than irrigation with saline (OR=0.44, 95 %
CI [0.21; 0.96], p=0.04) (Fig. 5a). Inclusion of the additional
trial (Sindelar et al. 1979) in this analysis did not change the
results significantly (OR=0.37, 95 % CI [0.18; 0.75], p=0.006).

Further, subgroup analysis showed that the estimated effect
for [IOWI with antibiotics vs. saline (OR=0.32, 95 % CI[0.12;
0.84], p=0.02) (Fig. 5b) was larger than for IOWI with PVP-I
vs. saline (OR=0.72, 95 % CI [0.24; 2.16], p=0.56). This
result was also not significantly changed when the Sindelar

trial [24] was added to the analysis (OR=0.42, 95 % CI[0.13;
1.40], p=0.16).

Discussion

Intra-operative wound irrigation with antibiotics, PVP-I, or
saline is currently not recommended in the NICE guideline
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a Antibiotic No Irrigation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Mountain 1970 7 76 18 74 6.6% 0.32[0.12, 0.81] 1970
Madsen 1971 0 32 8 32 1.4% 0.04[0.00,0.81] 1971 —————————
Longland 1971 10 100 38 200 7.9% 0.47 [0.23, 1.00] 1971 ]
Andersen, Bendtsen 1972 10 245 42 245 8.1% 0.21[0.10, 0.42] 1972 -
Andersen, Korner 1972 3 120 22 120 5.0% 0.11[0.03, 0.39] 1972 -
Mackie 1973 4 69 2 23 3.1% 0.65[0.11, 3.78] 1973 -1
Gilmore, Martin 1974 14 150 24 151 8.2% 0.54[0.27,1.10] 1974 -
Bates 1974 3 100 16 100 4.8% 0.16 [0.05, 0.58] 1974 e
Jensen 1975 10 184 6 83 5.9% 0.74[0.26, 2.10] 1975 -1
Tanphiphat 1978 4 122 12 124 5.3% 0.32[0.10, 1.01] 1978 |
Andersen, Burcharth 1980 5 196 7 102 5.3% 0.36[0.11, 1.15] 1980 -1
Ostergaard 1981 3 120 22 120 5.0% 0.11[0.03, 0.39] 1981 -
Sood 1984 0 29 4 26 1.3% 0.08 [0.00, 1.66] 1984 ¢
Juul 1985 5 105 5 98 4.8% 0.93[0.26, 3.32] 1985 -1
Moesgaard, Nielsen 1988 24 41 22 38 6.8% 1.03[0.42,2.51] 1988 -1
Raahave 1989 5 81 6 89 5.0% 0.91[0.27, 3.10] 1989 .
Seco 1989 5 126 15 120 5.9% 0.29[0.10, 0.82] 1989 -
Moesgaard et al. 1989 15 87 14 90 7.5% 1.13[0.51, 2.51] 1989 -
Pradhan 2009 1 35 6 35 2.2% 0.14 [0.02, 1.25] 2009 r
Total (95% CI) 2018 1870 100.0% 0.39 [0.27, 0.55] <&
Total events 128 289

H . 2 = . 12 = - - - ]2 = 0, : : : :
Heterogeneity: Tau? = 0.29; Chi? = 35.40, df = 18 (P = 0.008); I? = 49% 0.01 o1 1 10 100

Test for overall effect: Z=5.16 (P < 0.00001)

Favours "Antibiotic" Favours "No Irrigation”

b PVP-I No Irrigation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Gilmore, Martin 1974 12 149 24 151 8.2% 0.46 [0.22, 0.97] 1974 ]
Gilmore, Sanderson 1975 6 63 18 70 6.0% 0.30[0.11,0.82] 1975
McCluskey 1976 21 56 14 54 7.5% 1.71[0.76, 3.87] 1976 T
Stokes 1977 11 55 21 62 7.2% 0.49[0.21, 1.14] 1977 /T
Galland 1977 14 39 18 39 6.7% 0.65[0.26, 1.62] 1977 -1
Barr 1978 1 28 23 60 2.1% 0.06 [0.01,0.47] 1978 ——————
Kothuis 1981 16 102 15 118 7.9% 1.28 [0.60, 2.73] 1981 -
Gray 1981 7 71 20 82 6.5% 0.34[0.13, 0.86] 1981 -
Walsh 1981 28 308 40 319 10.5% 0.70[0.42, 1.16] 1981 ™7
Foster 1981 29 119 27 117 9.5% 1.07 [0.59, 1.96] 1981 -
de Jong 1982 39 303 45 279  11.0% 0.77 [0.48, 1.22] 1982 ™
Galland 1983 13 95 14 105 7.5% 1.03 [0.46, 2.32] 1983 -
Sherlock 1984 6 39 13 36 5.3% 0.32[0.11, 0.97] 1984 ]
Lau 1986 9 159 3 156 4.2% 3.06 [0.81, 11.52] 1986 T
Total (95% CI) 1586 1648 100.0% 0.70 [0.51, 0.97] X 2
Total events 212 295
H . 2 - . 12 = —_ - - ]2 = 0, : : : :
Heterogeneity: Tau? = 0.19; Chi? = 29.03, df = 13 (P = 0.006); I> = 55% 0.01 01 1 10 100

Test for overall effect: Z=2.16 (P = 0.03
( ) Favours "PVP-I" Favours "No Irrigation"

Cc
Saline No Irrigation Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Cervantes-Sanchez 2000 11 127 39 156 34.5% 0.28 [0.14, 0.58] 2000 ——
Al-Ramahi 2006 11 104 10 102  30.0% 1.09 [0.44, 2.69] 2006
Gungorduk 2012 17 260 19 260 35.5% 0.89[0.45, 1.75] 2012
Total (95% CI) 491 518 100.0% 0.64 [0.28, 1.46]
Total events 39 68

ity- 2 = - i2 = = = 12 = [} t t T t |
Heterogeneity: Tau? = 0.38; Chi2=7.13,df =2 (P = 0.03); I?=72% 0.01 01 1 10 100

Test for overall effect: Z=1.07 (P = 0.29)

Favours "Saline" Favours "No Irrigation"

Fig. 4 a Subgroup analysis of topical antibiotic wound irrigation vs. no irrigation. b Subgroup analysis of PVP-I wound irrigation vs. no irrigation. ¢
Subgroup analysis of saline wound irrigation vs. no irrigation
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a Antiobiotic/PVP-l  Saline Irrigation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Logan 1973 3 52 1 48 8.6% 2.88[0.29, 28.65] 1973
Ciccone 1974 3 100 12 100 17.9% 0.23[0.06, 0.83] 1974 - =
Galle 1980 9 31 9 36 21.2% 1.23[0.42, 3.62] 1980 I
Rogers 1983 4 86 11 101 19.6% 0.40[0.12,1.30] 1983 B
Lord 1983 3 100 9 100 17.4% 0.31[0.08, 1.19] 1983 - T
Mathelier 1992 2 154 13 154  15.3% 0.14[0.03, 0.64] 1992 - =
Total (95% Cl) 523 539 100.0% 0.44 [0.21, 0.96] S -
Total events 24 55
Heterogeneity: Tau? = 0.43; Chiz = 9.48, df = 5 (P = 0.09); 12 = 47% f f f |
Test for overall effect: Z = 2.05 (P = 0.04) 0.01 O',1 ! 10 ) 100
Favours "Antib./PVP-I" Favours "Saline"
b I ) . :
Antibiotic Saline Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Logan 1973 3 52 1 48  14.2% 2.88[0.29, 28.65] 1973 - 1 -
Ciccone 1974 3 100 12 100 30.6% 0.23[0.06, 0.83] 1974 —
Lord 1983 3 100 9 100 29.6% 0.31[0.08, 1.19] 1983 - &7
Mathelier 1992 2 154 13 154 25.7% 0.14 [0.03, 0.64] 1992 - &
Total (95% CI) 406 402 100.0% 0.32[0.12, 0.84] P
Total events 11 35

ity 2 - . Chi2 = - - . 12 = 380, I } } {
Heterogeneity: Tau? = 0.37; Chi2 = 4.83, df = 3 (P = 0.18); I12 = 38% 001 01 y 10 100

Test for overall effect: Z = 2.31 (P = 0.02)

Favours "Antibiotic" Favours "Saline"

Fig.5 a Forrest plot of RCTs comparing IOWI with topical antibiotics or PVP-I vs. saline irrigation (group B). b Subgroup analysis of RCTs comparing

IOWI with topical antibiotics vs. saline irrigation

[5]. Despite these recommendations, many abdominal sur-
geons still use IOWI to prevent postoperative wound infec-
tions [13, 66, 67]. For example, in a survey of Swiss surgeons,
roughly 80 % of clinicians stated that they rinse the operation
site with saline and only 4-9 % reported to never use any deep
or subcutaneous irrigation [13]. In contrast to previous re-
views, all of the IOWI solutions mentioned in the NICE
guideline (topical antibiotics, saline, and PVP-I solutions),
all types of open abdominal surgeries and RCTs only were
included in this systematic review. Meta-analysis showed a
significant benefit of [OWI with any solution in comparison
to no irrigation (Fig. 2). Subgroup analysis showed that the
estimated effect was significant only in colorectal surgeries
and not in non-colorectal surgeries (Fig. 3a, b). Further, sub-
group analysis showed that the estimated effect in reduction of
postoperative SSI was significant only for IOWI with topical
antibiotics or PVP-I but not for saline (Fig. 4a—c). This was
confirmed in the analysis of group B, where IOWI with topical
antibiotics/PVP-I was compared to saline irrigation.

Limitations of available data

The majority of trials have been published from 1970 to 1990,
and their results might not reflect current clinical practice.
Furthermore, the quality assessment (supplement 2) revealed
that most of the trials are at a high risk of bias, mainly because

of insufficient data reported and also because of methodolog-
ical flaws. Methods of sequence generation, allocation con-
cealment, and blinding were often inadequate or not reported.
In addition, interventions, follow-up times, and definitions of
SSI varied widely between studies which might explain the
large variance in overall SSI rates between 3.0 [40] and
58.2 % [52]. Most studies used a non-standardized definition
of SSI, based on the presence of a purulent discharge from the
wound or a sero-sanguinous discharge that gave a positive
bacteriological culture result [68]. Three studies did not spec-
ify the definition criteria for SSI [38, 58, 63]. The current
internationally accepted Centers for Disease Control (CDC)
SSI definition, however, was not published until 1999 [69].
This problem was addressed by a systematic review of SSI
definitions used in clinical trials between 1993 and 1999. It
was shown that within 90 trials, as much as 41 distinct SSI
definitions had been used [70]. Likewise, while current CDC
criteria recommend a follow-up time for SSIs of at least
30 days, the reported length of follow-up in the included trials
was 30 days or more in only 21 out of 41 trials. The remaining
trials reported follow-up times of as short as 5-10 days or did
not specify the follow-up time at all. In addition, the number
and frequency of follow-up visits varied largely, as did the
type and blinding status of the primary outcome assessor.
Moreover, a number of trials did not clearly specify inclusion
and exclusion criteria (supplement 1). Furthermore, the
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concentration, application volume and duration of application
of irrigation solutions were frequently not specified and might
vary between trials. Finally, although a number of risk factors
for SSI have been well established, including patient-related
factors such as obesity, smoking, ASA status, diabetes
mellitus, as well as surgery-related risk factors like preopera-
tive skin/bowel preparation, level of contamination, and the
duration of the operation [69]. Most of the included trials did
not accurately report the presence of these risk factors. Hence,
adjustment of our analysis for those risk factors was not
possible.

IOWI with saline

Plain saline is a widely used irrigation solution, as it is isotonic
and does not interfere with wound healing [71]. Furthermore,
it is generally used to clear wounds from blood clots and
necrotic tissue. However, evidence for IOWI with saline to
prevent SSI is scarce. Only three RCTs comparing saline with
no irrigation were identified [56, 57, 59], and meta-analysis
showed no statistically significant effect on the rate of SSIs
(Fig. 4c, OR=0.64, 95 % CI [0.28; 1.46], p=0.29). However,
two of the trials that did not report any significant effect of
IOWI with saline were performed in gynecological surgery
[57, 59]. In contrast, the third trial investigated the effective-
ness of syringe pressure irrigation of subcutaneous tissue with
saline following appendectomy and found that the rate of
postoperative SSI was significantly reduced in complicated
(perforated) cases within the saline group [56]. Compared to
gynecological surgery, bacterial contamination of the wound
during surgery is more likely to occur during perforated ap-
pendectomy, where irrigation with saline did reduce the SSI
rate. This evidence is clearly not sufficient to give a definite
clinical recommendation on the use of IOWI with saline.

IOWI with PVP-I

Much debate has also surfaced over the use of PVP-1, and the
use of this solution has been removed from many wound
management regimes because of a putative negative effect
on tissue regeneration. PVP-I demonstrates dose-dependent
levels of tissue toxicity but is still better tolerated than prepa-
rations containing chlorhexidine or octenidine [14]. However,
when studied in a clinical context, a recent evidence-based
review of the effects of PVP-I solutions on wound healing
failed to show a negative effect [72]. Consequently, the ma-
jority of high-quality trials analyzed in that review supported
the use of PVP-I for IOWI. Nevertheless, the NICE guidelines
do not recommend the use of [OWI or intra-operative skin re-
disinfection with PVP-I products [5, 15]. However, only a
limited number of available trials was considered for these
recommendations [15]. In this meta-analysis, IOWI with
PVP-1 was shown to significantly reduce SSI rates when

@ Springer

compared to no irrigation (Fig. 4b; OR=0.70, 95 % CI
[0.51; 0.97], p=0.03). Unfortunately, negative effects on tis-
sue regeneration have not been evaluated in the included trials.
A meta-analysis of 24 RCTs, by Fournel et al., also found that
IOWI with PVP-I reduced the incidence of postoperative SSI
in the main analysis and in the subgroup analyses of the meth-
od of PVP-I administration (spray or irrigation), its timing
(before or after closure) and the type of surgery (clean or
contaminated) [12]. In contrast to our analysis, however, the
authors included abdominal as well as neurosurgical and or-
thopedic procedures, which differ drastically in terms of con-
tamination level and microbiological spectrum. In line with
our data, systematic reviews by Chundamala [16] and Pattana-
Arun [17] also showed a trend toward reduction of SSI rates
after PVP-lirrigation in abdominal surgery, despite limitations
regarding trial methodology and heterogeneity. In accordance
with our findings of a more pronounced effect of IOWI in the
colorectal subgroup, Pattana-Arun et al. concluded that PVP-I
irrigation might be more useful in dirty or contaminated oper-
ations [17]. In summary, the majority of existing evidence
suggests a beneficial effect of PVP-I irrigation but is not suf-
ficient for definite recommendations.

IOWI with topical antibiotics

Observations from animal models suggest that topical appli-
cation of antibiotics to the surgical incision could significantly
reduce postoperative SSI rates and is equally effective as sys-
temic antibiotics [15]. Furthermore, it has been shown that by
local application, higher concentrations of the antibiotic were
achieved in the wound for a longer period of time. However,
combining topical and systemic application of antibiotics was
of no additional benefit in these models [73, 74]. In clinical
practice, IOWI with solutions containing antibiotics used to be
widespread in the 1980s, especially in dirty-contaminated ab-
dominal or trauma/orthopedic surgery [75]. Currently, guide-
lines do not support the use of antibiotic IOWI anymore, due
to the lack of evidence for their benefit and the potential en-
hancement of microbial resistance [5]. In contrast, a recent
review by Alexander et al. recommends the use of topical
antibiotics by repeated irrigation during an operation and be-
fore skin closure based on the analysis of clinical and exper-
imental studies [15, 76]. Especially in obese patients, who are
predisposed to develop SSI, infusion of topical antibiotics to
the wound allowed to achieve higher local concentrations in
the poorly perfused subcutaneous adipose tissue then by intra-
venous application [76]. Others have evaluated pre- or intra-
incisional infiltration of the subcutaneous tissue with antibi-
otics and also found significant beneficial effects in the pre-
vention of SSI after contaminated abdominal surgery [77].
Similarly, a number of older reviews support the use of topical
antibiotics for prophylaxis of SSI in certain indications includ-
ing general abdominal surgery and appendectomies [19, 78].
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In line with this data, we found a significant reduction of SSIs
in the subgroup analysis of 19 trials comparing IOWI with
antibiotic solutions vs. no irrigation (Fig. 4a; OR=0.39,
95 % CI[0.27; 0.55], p<0.0001). However, different antibi-
otics, concentrations, and applications were used meaning that
heterogeneity was high and no regime can currently be rec-
ommended unequivocally. Furthermore, future clinical trials
on the subject should focus on the ideal timing of application
and measures to prevent development or selection of drug-
resistant bacterial strains.

Conclusions

Based on this systematic review, IOWI has a significant ben-
eficial effect on the reduction of postoperative SSI following
open abdominal surgery. The estimated effect was most pro-
nounced in colorectal surgeries and for IOWI with antibiotic
solutions. However, given the methodological flaws and the
large heterogeneity of the analyzed trials, the clinical rele-
vance has to be balanced against the risk of impaired wound
healing and the potential raise of resistant microbiological
stains. Therefore, no single regime can be recommended un-
equivocally at this moment. High-quality evidence from fu-
ture RCTs using standardized outcome parameters is awaited
urgently to clearly establish the role of IOWI in abdominal
surgery on an evidence-based level in order to encounter the
substantial problem of this huge health care burden
worldwide.
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