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BACKGROUND: Previous studies have focused on the development and evaluation of care bundles to reduce 
the risk of surgical site infection (SSI) throughout the perioperative period. A focused exami-
nation of the technical/surgical aspects of SSI reduction during CRS has not been conducted. 
This study aimed to develop an expert consensus on intraoperative technical/surgical aspects 
of SSI prevention by the surgical team during colorectal surgery (CRS).

STUDY DESIGN: In a modified Delphi process, a panel of 15 colorectal surgeons developed a consensus on intra-
operative technical/surgical aspects of SSI prevention undertaken by surgical personnel during 
CRS using information from a targeted literature review and expert opinion. Consensus was 
developed with up to three rounds per topic, with a prespecified threshold of ≥70% agreement.

RESULTS: In 3 Delphi rounds, the 15 panelists achieved consensus on 16 evidence-based statements. 
The consensus panel supported the use of wound protectors/retractors, sterile incision clo-
sure tray, preclosure glove change, and antimicrobial sutures in reducing SSI along with 
wound irrigation with aqueous iodine and closed-incision negative pressure wound therapy 
in high-risk, contaminated wounds.

CONCLUSIONS: Using a modified Delphi method, consensus has been achieved on a tailored set of recommendations on 
technical/surgical aspects that should be considered by surgical personnel during CRS to reduce the risk of 
SSI, particularly in areas where the evidence base is controversial or lacking. This document forms the basis 
for ongoing evidence for the topics discussed in this article or new topics based on newly emerging tech-
nologies in CRS. (J Am Coll Surg 2022;234:1–11. © 2022 The Author(s). Published by Wolters Kluwer 
Health, Inc. on behalf of the American College of Surgeons. This is an open-access article distributed 
under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 
[CCBY-NC-ND], where it is permissible to download and share the work provided it is properly cited. 
The work cannot be changed in any way or used commercially without permission from the journal.)

Disclosure Information: This study was supported by funding from 
Johnson & Johnson and Ethicon, Inc.

Disclosures outside the scope of this work: Dr Chang receives grant fund-
ing from Medicaroid and 11Health.

Disclaimer: The funding source had no role in the design and conduct of 
the study; collection, management, analysis, and interpretation of the data; 
preparation, review, or approval of the manuscript; and decision to submit 
the manuscript for publication.

Presented virtually at the American College of Surgeons 107th Annual 
Clinical Congress, Scientific Forum, October 2021.

Members of the Colorectal Delphi Facilitating Group who co-authored this 
article can be found in the Appendix.

Received July 1, 2021; Revised August 19, 2021; Accepted September 22, 2021.

From the Department of Surgery, Universidad Rey Juan Carlos, Madrid, 
Spain (Ruiz-Tovar); the Department of Surgery, Free University Hospital, 
Amsterdam, The Netherlands (Boermeester); the Department of Surgery, 
Massachusetts General Hospital, Boston, MA (Bordeianou); the Department 
of Colon and Rectal Surgery, The University of Texas, MD Anderson Cancer 

Center, Houston, TX (Chang); the Department of Colorectal Surgery, Digestive 
Disease and Surgery Institute, Cleveland Clinic, Cleveland, OH (Gorgun); 
the Department of General and Visceral Surgery, Klinikum Karlsruhe, 
Karlsruhe, Germany and Albert-Ludwigs-University Freiburg, Freiburg, 
Germany (Justinger); the Division of Colorectal Surgery, Department of 
Surgery, University of Wisconsin, Madison, WI (Lawson); Emeritus Professor 
of Surgery, University of Newcastle, Newcastle upon Tyne, UK (Leaper); the 
Division of Colon and Rectal Surgery, University of Pennsylvania, Philadelphia, 
PA (Mahmoud); the Department of Surgery, Duke University Medical Center, 
Durham, NC (Mantyh); the Department of Surgery, Northwestern University 
Feinberg School of Medicine, Chicago, IL (McGee); the Department of 
Surgery, University of Arizona, Tucson, AZ (Nfonsam); the General Surgery 
Department, Colorectal Surgery Unit, La Paz University Hospital, Madrid, 
Spain (Rubio-Perez); the Department of Surgery, University of California, San 
Francisco, San Francisco, CA (Wick); the Department of Surgery, University of 
Virginia Health System, Charlottesville, VA (Hedrick).
Correspondence address: Traci L Hedrick, MD, MS, FACS, FACRS, 
Department of Surgery, University of Virginia Health System, 1215 Lee St, 
Charlottesville, VA 22903. email: th8q@hscmail.mcc.virginia.edu
Supplemental digital content for this article is available at http://links.lww.
com/XCS/A9.

https://doi.org/10.1097/XCS.0000000000000022
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:th8q%40hscmail.mcc.virginia.edu?subject=
http://links.lww.com/XCS/A9
http://links.lww.com/XCS/A9


J Am Coll Surg2 Ruiz-Tovar et al   Colorectal Surgical Site Infection Prevention

Colorectal surgery (CRS) is associated with one of the 
highest surgical site infection (SSI) rates after surgical 
procedures of all types, with reported incidences ranging 
up to 30%.1,2 CRS is associated with a particularly high 
risk of SSI resulting from contamination of the surgical 
site by the high bacterial load in the colon and rectum, 
as well as patient comorbidities which further increase 
risk.3,4 The increased risk of SSI contributes to a sub-
stantial clinical and economic burden, including higher 
costs, additional community care, longer hospitalization, 
reoperations, readmissions, reduced quality of life, and 
mortality.2,5,6

For these reasons, evidence-based surgical care bun-
dles have been implemented as part of SSI prevention 
policies to reduce the incidence of SSI.1,7-9 Meta-analyses 
have shown that the implementation of such surgical 
care bundles, particularly those which include recom-
mendations which have a level 1A evidence base, are 
associated with reduced SSI rates. One such meta-anal-
ysis, of 13 studies including 8,515 patients undergo-
ing CRS, found that surgical care bundles significantly 
reduced the risk of SSI by half compared with standard 
care (relative risk [RR]  =  0.55; 95% CI 0.39-0.77).9 
Another meta-analysis, of 23 studies including 17,557 
patients, similarly reported that bundles reduced super-
ficial SSI by 40% (p < 0.001).1 However, it should be 
noted that the care bundles in the studies examined dif-
ferent interventions.

Components of these care bundles included preoper-
ative, intraoperative, and postoperative components such 
as preoperative bathing, mechanical bowel preparation 
together with oral antibiotics, glycemic control, mainte-
nance of perioperative normothermia, skin preparation, 
SSI education, and a variety of other technical and non-
technical items.1,7,9 Previous studies analyzing the value 

of surgical care bundles, as well as guidelines focused on 
prevention of SSI, have been directed mostly towards the 
use of bundles spanning the entire perioperative period. 
A more focused study centered strictly on the technical/
surgical aspects that could be beneficially undertaken by 
surgical personnel during colorectal procedures to prevent 
SSI is lacking.

Therefore, the objective of the current study, using 
the Delphi process, was to develop an expert consensus 
on intraoperative technical/surgical aspects of SSI pre-
vention undertaken by surgical personnel during CRS. 
The study was designed to provide a set of intraoperative 
recommendations, particularly where the evidence base 
is controversial or lacking, which can be used to add to 
and improve the technical/surgical components of the 
SSI care bundle.

METHODS
In October and November 2020, two virtual Delphi 
panel meetings were held. The Delphi panel included 15 
colorectal surgeons from the US and Europe: two steer-
ing committee (SC) members and a working group of 
13 members. The panel was selected based on research 
involvement in SSI bundles or enhanced recovery after 
surgery and/or the implementation of such measures, 
strong reputation of their affiliated hospital, leadership 
involvement in their affiliated hospital and/or a society, 
and SC recommendation. The SC agreed on 15 topics 
(Table 1) to be included in a Delphi consensus panel on 
intraoperative technical/surgical aspects performed by 
surgical personnel during CRS, with a focus on super-
ficial/deep SSI prevention. Organ space SSIs were not 
considered in this study given the inherent differences in 
risk factors and preventive strategies between superficial/
deep and organ space SSIs. The selection of topics was 
informed by literature review and expert opinion from 
the SC, particularly where the evidence base was lacking 
or controversial.

A targeted literature review was undertaken to iden-
tify and summarize published information from the last 
10 years which aligned with the research question, spe-
cifically in colorectal or abdominal surgery. Electronic 
searches were performed in MEDLINE and PubMed 
databases, using keywords specific to the disease area and 
key topic (Supplemental Digital Content 1, available at 
http://links.lww.com/XCS/A9). Supplemental cascading 
searches were performed on the reference lists of recent 
systematic reviews, previously conducted Delphi con-
sensus studies and guidelines in colorectal or abdominal 
surgery, as well as national or global guidelines which 

Abbreviations and Acronyms
ACS American College of Surgeons
CRS colorectal surgery
GI gastrointestinal
NICE National Institute for Health and Care Excellence
NPWT negative pressure wound therapy
OR odds ratio
PVP-I povidone-iodine
RCT randomized controlled trial
RR relative risk
SC steering committee
SIS-NA Surgical Infection Society of North America
SSI surgical site infection
TCS triclosan-coated/impregnated suture
WSES World Society of Emergency Surgery
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focused on SSI prevention. Meta-analyses, randomized 
controlled trials (RCTs), and observational (prospective 
or retrospective) studies were included. After review of 
1,047 abstracts and supplementary searches, 56 stud-
ies were included for review and consideration by the 
Delphi panel.

All 15 members of the Delphi panel participated in the 
voting process. A modified version of the standard Delphi 
process10 was used, which involved anonymous voting 
based on reviewed literature and expert opinion discuss-
ing the available evidence for each topic. Consensus was 
developed with up to three rounds per topic and a pre-
specified required threshold of ≥70% agreement. The first 

round included an electronic survey, where a focused list 
of draft statements and information-seeking questions, to 
understand expert opinion and treatment practices, was 
addressed by panel participants. The second and third 
rounds were interactive and included clinical discussions 
around the summarized literature combined with itera-
tive anonymous voting on revised consensus statements. 
Clinical discussion was led by the SC and focused on 
developing recommendations based on the published 
literature in colorectal or abdominal surgery. If no such 
evidence was available or a component of the care bun-
dle was controversial, expert opinion was used to develop 
recommendations.

Table 1. Summary of Statements on Technical/Surgical Aspects to Prevent Surgical Site Infection

Topic (statement number) Consensus statement 

Incision location: off midline  
incision (1)

There is insufficient evidence that off-midline incision reduces the risk of SSI compared with midline 
incision. However, off-midline incision (when possible/appropriate) is associated with a reduced 
incisional hernia risk after (laparoscopic) colorectal surgery.

Wound protector/retractor (2) Wound protectors/retractors are associated with reduced SSI risk when compared with no wound 
protectors/retractors.

Incise/adhesive drape (3) There is insufficient evidence to support the role of incise/adhesive drape to reduce the risk of SSI.

Wound irrigation (4.1, 4.2) Antibiotic incisional wound irrigation should not be used for reducing SSI risk.

Wound irrigation with aqueous iodine is associated with reduced SSI risk when compared with no 
irrigation in high-risk, contaminated wounds.

Sterile incision closure tray (5) Use of a separate, dedicated sterile incision closure tray may be useful in reducing SSI risk when 
compared with no sterile incision closure trays.

Preclosure glove change (6) Preclosure glove changes may be useful in reducing SSI risk when compared with no glove change.

Small bites vs large bites (7) There is insufficient evidence that a small bite suture technique reduces SSI risk compared with a 
large bite suture technique. However, the small bite suture technique is associated with reduced 
incisional hernia risk.

Triclosan coated suture (8) Triclosan-coated or impregnated antimicrobial sutures are associated with a reduced risk of SSI 
compared with non-antimicrobial sutures.

Continuous vs interrupted  
sutures (9)

There is insufficient evidence to make a recommendation on the use of continuous or interrupted 
sutures on the impact of postoperative wound complication (SSI, incisional hernia, or wound 
dehiscence).

Sutures vs staples (10) There is insufficient evidence to recommend the use of staples or subcuticular sutures for skin closure 
to reduce SSI.

Topical skin adhesive (11) There is insufficient evidence to support the use of topical skin adhesives for superficial closure in 
reducing SSI.

Negative pressure wound  
therapy (12)

Closed-incision negative pressure wound therapy may be useful in reducing SSI risk when compared 
with no NPWT in open, high-risk, contaminated surgery.

Advanced dressing (13) There is insufficient evidence to support the use of advanced dressings (for example silver dress-
ings) as opposed to conventional dressings (such as standard gauze) to reduce the risk of SSI.

Delayed incision closure (14) There is insufficient evidence to make a recommendation on the use of delayed incisional closure 
after open CRS.

Subcutaneous drains (15) There is insufficient evidence to support the role of subcutaneous drains in reducing SSI risk.
CRS, colorectal surgery; NPWT, negative pressure wound therapy; SSI, surgical site infection.
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RESULTS
Incision location
Statement 1: There is insufficient evidence that off-midline 
incisions reduce the risk of SSI compared with midline inci-
sions. However, off-midline incisions (when possible/appro-
priate) are associated with a reduced incisional hernia risk 
after (laparoscopic) colorectal surgery.

The most common approaches for specimen retrieval 
after laparoscopic colorectal resection are midline, trans-
verse, and Pfannenstiel incisions.11 There is a paucity of 
evidence regarding the impact of incision location on SSI. 
However, evidence from a meta-analysis of mostly obser-
vational studies has shown that the use of midline incisions 
was associated with significantly higher risk of incisional 
hernia (odds ratio [OR]  =  4.1; 95% CI 2.0-8.3) com-
pared with off-midline (transverse or Pfannenstiel inci-
sions).12 It should be noted that incision location depends 
on the laparoscopic CRS procedure, and off-midline inci-
sions are not appropriate in all patients, such as those who 
are expected to require a stoma.

Wound protectors/retractors

Statement 2: Wound protectors/retractors are associated with 
reduced SSI risk when compared with no wound protectors/
retractors.

Wound protectors (commonly referred to as plastic 
ring wound protectors, wound retractors, or wound-edge 
protectors) theoretically act as an impervious barrier to 
protect the incision from contamination with the surgical 
field after enterotomy/resection. Wound protectors cur-
rently feature a single or double ringed configuration to 
secure the device within the wound.

The value of wound protectors to prevent SSI after CRS 
has been reported in a recent meta-analysis of RCTs which 
found that wound protectors significantly reduced superfi-
cial SSI compared with no wound protectors after abdom-
inal surgery (OR  =  0.42; 95% CI 0.18-0.95).13 Similar 
findings were reported in another meta-analysis which 
performed a CRS subgroup analysis.14 The use of wound 
protectors has been shown to significantly reduce SSI after 
open and laparoscopic CRS, pancreaticoduodenectomy, 
and open elective digestive surgery.15-19

Several meta-analyses have addressed the potential ben-
efit of dual-ring vs single-ring wound protectors in reduc-
ing SSI risk through subgroup analyses, but there is no 
clear direct evidence showing superiority for either device. 
Comparisons from current meta-analyses have compared 
relative risks for each device compared with no wound pro-
tector.14,20-23 A formal network meta-analysis has not been 
conducted but is warranted to better understand whether 
there are differences between device types.

Incise/adhesive drapes

Statement 3: There is insufficient evidence to support the role 
of incise/adhesive drapes to reduce the risk of SSI.

Incise drapes (plain or antimicrobial-impregnated) are 
plastic surgical drapes with a sterile adhesive transparent 
film that adheres to the skin with the intention of confining 
skin organisms during surgical procedures. Although used 
for more than 30 years,24 few studies have evaluated the 
impact of these drapes on SSI after colorectal or abdom-
inal surgery. One observational study (n = 296) showed 
that use of plastic adhesive drapes impregnated with iodo-
phor was associated with significantly lower wound infec-
tion compared with surgery without iodophor drapes in 
liver surgery (3.1% vs. 12.1%; p  =  0.0096).25 Another 
observational study (n = 91) demonstrated similar rates of 
SSI between incise drapes and standard skin preparation 
with 10% povidone iodine soap in patients undergoing 
appendectomy.26 National guidelines from the Centers 
for Disease Control and Prevention (CDC), the World 
Health Organization (WHO), and the National Institute 
for Health and Care Excellence (NICE) do not recom-
mend the use of incise drapes.27-29

During the Delphi process, panel members described 
other pragmatic uses of incise drapes including isolation 
of a stoma during surgery or prevention of drape slippage 
during minimally invasive cases, to maintain integrity of 
the operative field, where the patient is being repositioned 
frequently.

Wound irrigation

Statement 4.1: Antibiotic incisional wound irrigation should 
not be used for reducing SSI risk.
Statement 4.2: Wound irrigation with aqueous iodine is asso-
ciated with reduced SSI risk when compared with no irriga-
tion in high-risk, contaminated wounds.

Incisional wound irrigation involves the use of a solu-
tion in an open wound to remove cellular debris and 
reduce microbial contamination/bacterial load at the end 
of a surgical procedure. A variety of solutions may be 
used, including saline, an aqueous iodophor such as povi-
done-iodine (PVP-I), or antibiotics.30 Use of each irrigat-
ing solution during surgery is dependent on a number of 
factors and the patient population.30

A large meta-analysis of various types of surgery ana-
lyzed a subgroup of RCTs in clean and clean-contami-
nated surgery and reported that PVP-I significantly 
reduced SSI compared with saline irrigation (OR = 0.31; 
95% CI 0.13-0.73).31 Conversely, antibiotic wound irri-
gation did not impact SSI risk when compared with saline 
(OR = 1.16; 95% CI 0.64-2.12).31 Another meta-anal-
ysis of RCTs in abdominal surgery reported that PVP-I 
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irrigation resulted in significantly lower SSI compared 
with no irrigation (OR  =  0.70; 95% CI 0.51-0.97), 
whereas no significant difference was observed between 
saline irrigation compared with no irrigation (OR = 0.64; 
95% CI 0.28-1.46).32 Another observational cohort 
of 122 patients reported that irrigation with 0.05% 
chlorohexidine reduces SSI compared with saline irriga-
tion (18% compared with 31.6%; p < 0.001). Guidelines 
from WHO and CDC have suggested that intraoperative 
subcutaneous/incisional irrigation with PVP-I should be 
used.27,28 However, CDC, NICE, and WHO have sug-
gested uncertain tradeoffs or recommended against the 
use of antibiotic solutions for incisional wound irriga-
tion, in particular the risk of promoting antimicrobial 
resistance.27-29

Despite the wealth of evidence from meta-analyses on 
wound irrigation, the information is heterogenous and 
may have a risk of bias, thereby creating challenges in 
drawing meaningful conclusions. The most compelling 
evidence appears to favor wound irrigation with PVP-I to 
reduce SSI whereas evidence for saline irrigation is weak 
and antibiotic irrigation unfavorable given risk/benefit 
tradeoffs.

Sterile incision closure tray

Statement 5: Use of a separate, dedicated sterile incision clo-
sure tray may be useful in reducing SSI risk when compared 
with no sterile incision closure trays.

Switching to an unused set of sterile instruments, spe-
cifically for incision closure, has become a common com-
ponent of SSI prevention bundles.9 The use of a sterile 
incision closure tray can serve as part of a large, team-build-
ing effort for surgical personnel and signals that the pro-
cedure is ending. Use of sterile incision closure trays may 
have additional utility in specific situations: the avoidance 
of contamination when inserting an abdominal mesh for 
example.

The use of sterile incision closure trays to reduce SSI risk 
has not been evaluated independently but rather as a com-
ponent of larger bundles. However, efforts have been made 
to compare surgical care bundles which include or exclude 
the use of sterile incision closure trays. For example, one 
meta-analysis concluded that bundles with sterile closure 
trays were associated with a significant SSI reduction com-
pared with bundles without sterile closure trays in CRS 
procedures (58.6% compared with 33.1%; p  =  0.019).1 
It is difficult to draw evidence-based conclusions because 
other bundle components were not controlled for. In 
terms of guidelines, the American College of Surgeons 
(ACS) and Surgical Infection Society of North America 
(SIS-NA) recommend the use of new instruments for 

closure specifically for colorectal cases,33 whereas the 
WHO guideline do not.28

Although there is a lack of clear data on the efficacy 
of dedicated, sterile incision closure trays to reduce the 
risk of SSI, their use is recommended by the panel for 
several reasons. Intuitively, the use of sterile instruments 
for closure after CRS may reduce the risk of contamina-
tion. Additionally, these trays are commonly used, easy to 
implement, and inexpensive, making their use practical, as 
part of a care bundle to reduce SSIs.

Preclosure glove change

Statement 6: Preclosure glove changes may be useful in reduc-
ing SSI risk when compared with no glove changes.

Glove changes are an important consideration because 
micro-perforations can occur with increasing duration of 
wear during surgical procedures.34,35 Moreover, gloves may 
become contaminated once the bowel is opened. Evidence 
has shown that changing gloves reduces the degree of bac-
terial contamination.36

The direct impact of surgical glove changes on SSI 
has not been independently studied. The best evidence 
in CRS comes from the same meta-analysis which con-
cluded that care bundles, which included preclosure 
glove changes, were associated with an SSI reduction 
compared with bundles without preclosure glove changes 
(56.9% vs. 28.5%; p = 0.002). However, other bundle 
components were not controlled for.1 Guidelines by ACS 
and SIS and the World Society of Emergency Surgery 
(WSES) recommend preclosure glove changes to reduce 
SSI risk.33,37

Small bites compared with large bites in  
musculo-fascial closure

Statement 7: There is insufficient evidence that a small bite 
suture technique reduces SSI risk compared with a large bite 
suture technique. However, the small bite suture technique is 
associated with reduced incisional hernia risk.

Small bite suturing involves approximately 5-mm tis-
sue bites being placed 5 mm apart, whereas large bite 
suturing incorporates 10-mm tissue bites 10 mm apart.38 
Evidence from a small meta-analysis of RCTs in elective 
laparotomies found no difference in SSI between the 
two techniques (OR = 0.67; 95% CI 0.39–1.15) but a 
significantly lower risk of incisional hernia was found 
following the use of small bites (OR  =  0.41; 95% CI 
0.19–0.86).39 Recent evidence from an observational 
study has reported fewer SSIs after a small bite technique 
for abdominal wound closure of midline laparotomy 
(17% vs. 28%; p = 0.02).38
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Results from this evidence are difficult to interpret as 
wound outcome definitions may be heterogeneous across 
studies. However, the benefits of small bites to reduce over-
all complications, such as incisional hernia, may impact 
the rate of SSI. Future studies on suture bite technique are 
warranted.

Antimicrobial sutures

Statement 8: Triclosan-coated or impregnated antimicrobial 
sutures (TCS) are associated with a reduced risk of SSI com-
pared with non-antimicrobial sutures.

TCS work to inhibit bacterial colonization, prevent 
formation of suture-prosthetic biofilm, and kill bacteria 
associated with SSI through the antimicrobial proper-
ties of triclosan.40 In one meta-analysis of RCTs, TCS 
were shown to significantly reduce SSI compared with 
non-antimicrobial sutures after CRS (RR = 0.67; 95% 
CI 0.48–0.94).41 This was consistent with the largest 
overall meta-analysis of 21 RCTs assessing colorectal, 
abdominal, and other surgery types (n = 6,462) show-
ing that TCS significantly reduced SSIs (RR  =  0.72; 
95% CI 0.60–0.86).42 Similar results were found in a 
propensity score–matched analysis in colorectal cancer 
surgery (4.3% vs. 16.1%; p = 0.007).43 Another RCT 
in emergency laparotomy, through a midline approach, 
showed that TCS lowered incisional SSI compared with 
conventional sutures (7.6% compared with 23.4%; 
p  =  0.009).44 Guidelines from NICE, WHO, CDC, 
ACS/SIS, and WSES either recommended their use or 
consideration of their use with evidence derived from 
several systematic reviews and meta-analyses.27-29,33,37 
An economic analysis demonstrated that TCS used for 
incision closure after colorectal surgery were projected 
to significantly reduce median payer costs by at least 
$809 per patient compared with non-antimicrobial 
sutures.2

It is important that antimicrobial sutures are used for clo-
sure of all incisional wound layers to ensure a zone of micro-
bial inhibition throughout the whole incision, mitigating 
the risk of wound contamination and SSI, particularly in 
obese patients. Antimicrobial polydioxanone sutures used 
for closure of the abdominal musculo-fascial layer are tri-
closan impregnated, not coated, and provide a prolonged 
antimicrobial effect which matches the slow resorption of 
polydioxanone. Triclosan-coated polyglactin sutures should 
be used for the subcutaneous layer and triclosan impregnated 
poliglecaprone for the subcuticular layer. Triclosan-coated 
sutures were shown in vivo and in vitro to be nontoxic, 
nonirritating, noncarcinogenic, and nonteratogenic.45 A 
10-year clinical survey also showed no relationship between 
triclosan usage and antibiotic resistance.46

Continuous compared with interrupted sutures

Statement 9: There is insufficient evidence to make a recom-
mendation on the use of continuous or interrupted sutures on 
the impact of postoperative wound complications (SSI, inci-
sional hernia, or wound dehiscence).

Continuous and interrupted suturing techniques, for 
musculo-fascial closure after abdominal incisions, are 
each associated with benefits and drawbacks. Interrupted 
sutures are individually placed and, if one breaks, the 
wound theoretically remains intact. However, continuous 
suturing is considerably less time consuming and brings 
less foreign material into the wound, and there is little evi-
dence to show it is inferior. A meta-analysis of four RCTs 
showed no differences in SSI (OR = 0.83; 95% CI 0.41–
1.71) or incisional hernia (OR = 1.20; 95% CI 0.84–1.71) 
when comparing the continuous and interrupted suture 
techniques.39

Sutures compared with staples

Statement 10: There is insufficient evidence to recommend the 
use of staples or subcuticular sutures for skin closure to reduce 
SSIs.

It is uncertain whether the use of sutured or stapled skin 
closure impacts SSI risk after CRS. Three RCTs found 
that intracutaneous/subcuticular sutures were associated 
with similar SSI rates after elective gastrointestinal (GI) 
surgery, open laparotomy, and elective CRS.47-49 One 
RCT has reported that subcuticular sutures were associ-
ated with significantly lower SSIs compared with staples 
in a subgroup of patients undergoing lower GI surgery, 
but this difference was not observed in the overall SSI 
rate after elective open GI surgery.50 A propensity score 
analysis in elective colorectal resection also noted that 
subcuticular sutures were associated with significantly 
lower incisional SSI rates.51 However, the use of subcu-
ticular sutures may be a proxy for surgical procedures in 
which there is less contamination, shorter incisions, and 
fewer unexpected findings, which are associated with 
lower SSI rates. Based on the available evidence, it is 
difficult to recommend one approach over another for 
CRS.

There are various other considerations, beyond an SSI 
risk, when choosing between sutures or staples. Staples 
and interrupted sutures are easy to remove when an SSI 
has developed to allow for free drainage and so may be 
advantageous in high-risk patients, although this was con-
tested by some panel members. Alternatively, subcuticu-
lar absorbable sutures do not hinder local opening of an 
infected incision for drainage of localized pus. Furthermore, 
metal staples typically require removal at a later outpatient 
encounter, which may increase postoperative healthcare 
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use and hospital visits. This may be particularly important 
in the era of COVID-19, where limiting hospital expo-
sure is paramount. If cosmetic aspects are also considered, 
patients may prefer subcuticular sutures.

Topical skin adhesives

Statement 11: There is insufficient evidence to support the use 
of topical skin adhesives for superficial closure in reducing SSI.

Topical skin adhesives, also known as skin glues, are 
used in superficial skin closure to approximate wound 
edges of a surgical incision and have been shown to limit 
microbial penetration in a preclinical study.52 The poten-
tial benefits of topical skin adhesives in reduction of SSI 
has been noted in plastic and orthopedic surgery; however, 
further studies are required to understand the potential 
benefit in CRS.53,54

Negative pressure wound therapy

Statement 12: Closed-incision negative pressure wound 
therapy (NPWT) may be useful in reducing SSI risk when 
compared with no NPWT in open, high-risk, contaminated 
surgery.

Negative pressure wound therapy of a primarily closed 
incision involves use of a vacuum-sealed dressing applied 
to the wound surface to create a negative pressure. A large 
meta-analysis of RCTs found that NPWT was associated 
with significantly lower SSI compared with standard 
dressings on closed incisions after various types of surgery 
(RR = 0.61; 95% CI 0.49–0.76).55 The observed reduc-
tion remained significant among a subgroup of contam-
inated or clean/contaminated procedures (RR  =  0.67; 
95% CI 0.49–0.92). When analyzing a subgroup of 
studies in abdominal surgery, the summary result of 21 
comparative observational studies also showed a signif-
icantly lower SSI risk (n  =  2498; RR  =  0.40; 95% CI 
0.31–0.53), but the result was no longer significant for 
five randomized studies only (n = 792; RR = 0.56; 95% 
CI 0.30-1.03).55 Another meta-analysis of RCTs and 
observational studies similarly found NPWT to signif-
icantly reduce SSI compared with standard dressings 
for closed laparotomy incisions (OR  =  0.25; 95% CI 
0.12–0.52).56 The results remained significant in a sub-
group study in CRS (OR = 0.16; 95% CI 0.07–0.36).56 
Although indirectly applicable to CRS, recent studies 
may provide contradictory evidence regarding empiric 
NPWT use. A recent high-profile RCT of obese women 
undergoing caesarian section showed no difference in 
superficial SSI rates for patients receiving NPWT com-
pared to traditional wound dressings.57

In general, guidelines from WHO, ACS/SIS, and 
WSES recommend the use of NPWT. The WHO notes 
its use may be beneficial to reduce the risk of SSI on closed 
incisions in high-risk wounds.28 The ACS/SIS and WSES 
have also noted potential benefits of SSI reduction, specif-
ically over stapled skin in colorectal cases or in high-risk 
patients.33,37 The participants of the Delphi panel meeting 
also critically discussed the higher costs of the application. 
Further studies are warranted to better understand the 
cost-effectiveness of NPWT in CRS given the current cost 
of commercial NPWT products.

Advanced dressings

Statement 13: There is insufficient evidence to support the use 
of advanced dressings (for example silver dressings) as opposed 
to conventional dressings (such as standard gauze) to reduce 
the risk of SSI.

Dressings are commonly applied to closed wounds. 
For the sake of this Delphi, the panel considered dress-
ings to be a class of flexible, removable, solid materials 
commonly used to cover the wounds immediately after 
closure. Dressings can contain traditional materials (e.g., 
gauze) or a variety of antimicrobial materials (e.g., silver) 
or other impregnations intended to promote healing. The 
panel defined dressings to be separate from Topical skin 
adhesives. Although dressings are commonly used either 
for pragmatic purposes (to manage wound exudate for 
example) or for a possible clinical benefit (such as reduc-
ing SSI), there is limited evidence that dressings give 
any benefit, with most available data being unrelated to 
CRS.58

One meta-analysis of RCTs found that ionized sil-
ver dressings, applied to a closed wound, were associ-
ated with fewer SSIs compared with placebo after CRS 
(RR = 0.55; 95% CI 0.35–0.85).59 A more recent RCT 
found that vitamin E and silicone dressings were associ-
ated with fewer SSIs when compared with conventional 
dressings applied to wounds closed with staples (3.4% 
vs. 17.2%; p = 0.013).60 An RCT of mupirocin dress-
ings found no difference in SSI compared with standard 
gauze when applied to wounds closed with staples or 
sutures (2% vs. 3%; p  =  0.56).61 Guidelines and rec-
ommendations are equally unclear. WHO guidelines 
suggest that advanced dressings should not be used, and 
the CDC noted uncertain tradeoffs of antimicrobial 
dressings.27,28 It was stated by the ACS that mupirocin 
topical antibiotic application can decrease SSI compared 
with a standard dressing.33 Use of antibiotics has to be 
traded off with the risk of promoting antibiotic resist-
ance (see Statement 4.1).
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There may be a potential benefit from the use of 
advanced dressings in reducing the risk of SSI, but cur-
rent evidence is limited and heterogeneous. Future studies 
may be warranted to better understand the advantages of 
their use compared with standard dressings or not using 
any dressings.

Delayed incision closure

Statement 14: There is insufficient evidence to make a recommen-
dation on the use of delayed incisional closure after open CRS.

Delayed incisional closure involves leaving the incisional 
skin layer open after a surgical procedure to be closed at 
a later date (delayed primary closure typically 3–5 days 
postoperatively; secondary closure is delayed longer than 
this after a dehisced or infected wound is clean after suc-
cessful chronic wound management, often involving 
NPWT). This is electively chosen for incisions which are 
contaminated/dirty or at high risk for infection, allowing 

the open incision to be cleaned and observed to ensure 
infection is in control before closing the open skin layer 
of the incision. A systematic review and meta-analysis has 
reported mixed findings in management of contaminated 
abdominal incisions: delayed primary wound skin closure 
(undertaken approximately 3–5 days postoperatively) was 
associated with a lower SSI (RR = 0.64; 95% CI 0.51–
0.79) when a fixed effect model was used, but a similar SSI 
was found (RR = 0.65; 95% CI 0.38–0.1.12) when a ran-
dom effect model was used.62 The authors concluded that 
delayed primary skin closure may be the preferable choice 
after contaminated/dirty open abdominal procedures in 
patients with a high risk of infection and particularly in 
resource constrained environments.

Subcutaneous drains

Statement 15: There is insufficient evidence to support the role 
of subcutaneous drains in reducing SSI risk.

Figure 1. Comparison of recommendations between the colorectal Delphi and national/global guidelines. ACS, American College of 
Surgeons; AM, antimicrobial; C/C, clean-contaminated; CRS, colorectal surgery; IH, incisional hernia; N, No; NICE, National Institute of Health 
and Care Excellence; NPWT, negative pressure wound therapy; SIS, Surgical Infection Society; TSA, topical skin adhesive; Y, yes.
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The purpose of placing a subcutaneous drain after CRS is 
to theoretically reduce the subcutaneous cavity of the inci-
sion and the risk of seroma.63 Evidence of their efficacy is 
mixed and limited to a small number of studies. An RCT 
involving reversal of elective ileostomy reported that subcu-
taneous drains were associated with similar SSI (14.0% vs. 
17.0%; p = 0.68) compared with no drains.63 Two further 
RCTs, and a prospective observational study, all reported 
that subcutaneous drainage was associated with significantly 
lower superficial/incisional SSI when compared with no 
drains after CRS.64-66 Guidance from the WSES advocates 
that there is insufficient evidence on the use of subcutaneous 
drains for the prevention of SSI in high-risk patients.37

DISCUSSION
In conclusion, the high incidence of SSIs after CRS con-
tributes to a large clinical and economic burden. The cur-
rent study achieved consensus, using a modified Delphi 
method, to provide a more refined set of evidence-based 
SSI prevention recommendations involving intraopera-
tive technical/surgical aspects that should be undertaken 
by surgical personnel during CRS (in addition to accepted 
SSI care bundles which are based on level 1A evidence from 
published systematic reviews and meta-analyses; Fig. 1).

There are important limitations and considerations 
for this Delphi consensus. First, the Delphi panel only 
included representation from the US and Europe, and 
clinical practice, opinion, and economic feasibility may 
differ outside these regions. Secondly, organ space SSIs 
were not considered in this study given the inherent dif-
ferences in risk factors and preventive strategies between 
superficial/deep (i.e., traditional “wound” infections) 
and organ space SSIs. Importantly, the recommendations 
included in this document are not exhaustive and thus 
need to be incorporated into a larger bundle of care (i.e., 
spanning the entire perioperative continuum) involving 
other equally important procedures such as adequate 
timing and redosing of prophylactic antibiotics, nor-
mothermia, and normoglycemia (advocated by local 
and national guidelines usually with a level 1A evidence 
base). Although identification of effective SSI reduction 
measures is important, implementation of properly cho-
sen bundles is equally important and requires strategies 
that engage all perioperative stakeholders to produce 
effective results. Because some studies have shown that 
the effectiveness of SSI care bundles parallels compliance 
with elements of the bundle, audit of process measures 
and feedback schemes, as well as culture and communi-
cation, are paramount to reduction of SSI.

Finally, the recommendations contained in this Delphi 
consensus article were developed using the best available 

evidence and expert opinion, and not all recommendations 
may be suitable or applicable. When feasible, institutions 
should aim to incorporate the technical bundle compo-
nents recommended in this study which are not already in 
place. Similarly, supplier contracting and rigid institutional 
formularies may create local logistical challenges to obtain-
ing any recommended SSI product which are beyond the 
control of surgical personnel.

CONCLUSION
Using a modified Delphi method, consensus has been 
achieved on a tailored set of recommendations on techni-
cal/surgical aspects that should be considered by surgical 
personnel during CRS to reduce the risk of SSI, particularly 
in areas where the evidence base is controversial or lacking. 
Further research, through RCTs, systematic reviews, and 
meta-analysis, is warranted to add to the evidence advo-
cated for the topics discussed in this article, or to assess new 
topics, based on emerging technologies, all of which may 
help prevent SSIs after CRS.
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