Journal of Visceral Surgery (2019) 156, 413—422

Journal
Siirgery
Available online at Elsevier Masson France iy
ScienceDirect EM
www.sciencedirect.com www.em-consulte.com/en

REVIEW

Operating room hygiene: Clinical practice
recommendations

D. Moszkowicz?, C. Hobeika®, M. Collard€, M. Bruzzi¥,
N. Beghdadi®, J. Catry', E. Duchalais®, G. Manceau®,
T. Voron", Z. Lakkis', M.-A. Allard®, F. Cauchy¢,

L. Maggiori’-*, for the Société Francaise de Chirurgie
Digestive, Association de Chirurgie
Hépato-Bilio-Pancréatique et Transplantation

Check for
updates

a Service de chirurgie digestive, oncologique et métabolique, université Versailles
Saint-Quentin en Yvelines, hépital Ambroise-Paré, Assistance publique—hdpitaux de Paris
(AP—HP), 92100 Boulogne-Billancourt, France

b Service de chirurgie digestive, hépato-bilio-pancréatique et transplantation, université
Paris 6, hopital Pitié-Salpétriere, Assistance publique—hdpitaux de Paris (AP—HP), 75013
Paris, France

¢ Service de chirurgie hépato-bilio-pancréatique et transplantation hépatique, université
Paris 7, hépital Beaujon, Assistance publique—hdpitaux de Paris (AP—HP), 92110 Clichy,
France

d Service de chirurgie digestive, université Paris 5, hépital européen Georges Pompidou,
Assistance publique—hédpitaux de Paris (AP—HP), 75015 Paris, France

€ Centre hépatobiliaire, université Paris 11, hdpital Paul Brousse, Assistance
publique—hépitaux de Paris (AP—HP), 94800 Villejuif, France

f Service de chirurgie générale, digestive et endocrinienne, université Paris 7, hépital
Saint-Louis, Assistance publique—hépitaux de Paris (AP—HP), 75010 Paris, France

8 Service de chirurgie digestive et endocrinienne, université de Nantes, CHU de Nantes, 44093
Nantes, France

h Service de chirurgie générale et digestive, université Paris 6, hépital Saint-Antoine,
Assistance publique—hépitaux de Paris (AP—HP), 75012 Paris, France

1 Service de chirurgie viscérale, digestive et cancérologique, université de Franche-Comté,
CHRU de Besancon, 25000 Besancon, France

i Service de chirurgie colorectale, pble des maladies de [’appareil digestif, université Paris Vil
(Denis Diderot), hépital Beaujon, Assistance publique—hdpitaux de Paris (AP—HP), 100,
boulevard du Général Leclerc, 92110 Clichy, France

Available online 23 August 2019

KEYWORDS Summary
Clinical practice Introduction: The French Society of Gastro-Intestinal Surgery (Société Francaise de Chirurgie

recommendations: Digestive) and the Association of hepato-bilio-pancreatic and transplantation surgery (Asso-
Société francaise ’de ciation de Chirurgie Hépato-Bilio-Pancréatique et Transplantation) requested that clinical
’ practice recommendations be established with regard to operating room hygiene.

* Corresponding author.
E-mail address: leon.maggiori@aphp.fr (L. Maggiori).

https://doi.org/10.1016/j.jviscsurg.2019.07.010
1878-7886/© 2019 Elsevier Masson SAS. All rights reserved.


https://doi.org/10.1016/j.jviscsurg.2019.07.010
http://www.sciencedirect.com/science/journal/18787886
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jviscsurg.2019.07.010&domain=pdf
mailto:leon.maggiori@aphp.fr
https://doi.org/10.1016/j.jviscsurg.2019.07.010

414

D. Moszkowicz et al.

Methods: The literature was analyzed according to the High Authority of Health (Haute Autorité

chirurgie digestive;
Association de
chirurgie hépato-
bilio-pancréatique et

de santé [HAS]) methodology and after consultation of the Cochrane and Medline databases.
Pertinent references were selected, and supplementary references were hand-picked from the
reference lists. Only English or French language papers were retained. The recommendations
of learned societies and the World Health Organization were also considered.

Results: Recommendations were proposed with regard to pre-operative patient preparation,
skin preparation, draping, wound edge protectors, surgeon hygiene, wound closure, and oper-

Conclusion: These clinical practice recommendations should guide and improve the daily prac-

Likewise, there was no statistically significant difference

transplantation;
Operating room
hygiene ating room environment.
tice of gastro-intestinal surgeons.
© 2019 Elsevier Masson SAS. All rights reserved.
Methodology

The literature was analyzed according to the methodology of
the High Authority of Health (Haute Autorité de santé) after
consultation of the Cochrane and Medline databases in April
2018. Pertinent references were selected, and supplemen-
tary references were hand-picked from the reference lists.
Only English or French language papers were retained. The
recommendations of learned societies and the World Health
Organization were also considered.

Recommendations were proposed based on the analysis
of the literature by the working group. According to the level
of evidence, recommendations were graded and ranked, A,
B and C, according to the following:

e grade A: scientific proof with high level of evidence (high-
powered randomized trial, meta-analysis of randomized
studies, decision analysis based on well-conducted stud-
ies);

e grade B: scientific presumption, provided by intermediate
level of evidence (low-powered randomized trials, well-
conducted non-randomized comparative studies, cohort
studies);

e grade C: founded on low level of evidence (case-
controlled studies, comparative studies with serious
biases, retrospective studies, case series, descriptive epi-
demiologic studies);

e expert agreement: if there were no satisfactory studies
in the literature, the recommendations relied on profes-
sional agreement between the members of the working
and reading groups.

Pre-operative preparation
Pre-operative showering

What type of soap should be used for
pre-operative showering?

The latest Cochrane review on this topic was published
in 2015 [1]. This review included seven randomized clin-
ical trials (RCT) with a total of 10,157 patients. The
antiseptic solution used in all these trials was 4% chlorhex-
idine gluconate (CHX, Hibiscrub®). Overall, showering or
bathing with CHX did not decrease the surgical site infec-
tion (SSI) rate statistically significantly compared to placebo
(9.1% vs. 10.0%; relative risk [RR]: 0.91; [0.80—1.04]).

between CHX and bar soap (10.9% vs. 13.6%; RR=1.02;
[0.57—1.84]) or CHX without showering (3.5% vs. 5.6%;
RR: 0.82 [0.26—2.62]). Another more recent meta-analysis
involving only « clean » surgery could find no statistically
significant difference between CHX and placebo (RR: 0.91;
[0.76—1.09]) or between CHX and non-antiseptic soap (RR:
1.06; [0.68—1.66]) [2].

Synthesis and recommendations

A pre-operative shower or bath is recommended (expert
agreement). However, no specific type of soap (antiseptic
or not) has been shown to be superior and therefore any
type of soap can be used (grade B).

Pre-operative shower: how many and when?

A 2008 RCT suggested that the concentration of CHX on
the skin was statistically significantly lower on the skin of
patients who showered only the evening before compared
to the morning of the operation and those who had both a
shower the evening before and the morning of surgery [3].
Conversely, there was no statistically significant difference
between the patients taking a shower only the morning of
surgery and those who showered both the evening before
and the morning of surgery [3]. Another RCT compared the
outcomes of two or three pre-operative showers with 4%
CHX and found that the concentrations were statistically
significantly higher when two successive applications were
separated by one to two minutes compared to no interval
between the showers [4]. However, the clinical impact in
terms of SSI between these two strategies has never been
evaluated [5].

Synthesis and recommendations
The recommendation is for patients to take at least one
pre-operative shower (grade B). Two applications of soap
(separated by at least one minute interval) are recom-
mended during the shower (grade B).

Should the patient shampoo?

No specific study on this topic could be found in the litera-
ture.

Synthesis and recommendations
No recommendation with regard to shampooing during the
pre-operative shower can be made.
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Can CHX-impregnated cloths represent an alterna-
tive to a pre-operative shower?

No rinsing is necessary after washing with single-use 2% CHX-
impregnated cloths. In a prospective cohort study comparing
the use of these impregnated cloths vs. a shower with anti-
septic soap, the 30-day SSI rate was statistically significantly
lower in the experimental group compared to the control
group (2.1% vs. 6.3%, P=0.01), but the two groups were not
strictly comparable, as there were more emergency opera-
tions in the control group (23% vs. 30%, P=0.04), lessening
somewhat the value of results [6].

Synthesis and recommendations

No formal recommendation can be made concerning the use
of antiseptic cloth as an alternative or complement to pre-
operative showering (grade C).

Value and modalities of hair removal

Results of pre-operative hair removal on
infective complications

For the study period under scrutiny, six randomized or quasi-
randomized and one well-conducted comparative study
comparing pre-operative hair removal to no hair removal
were found. However, only one study included patients in
gastro-intestinal surgery [7]. Eighty patients were divided
randomly into two groups, 40 patients each: this study found
that the postoperative SSI rate was exactly the same (7.5%)
in patients undergoing hair removal or not. Several studies
have confirmed the absence of any benefit of hair shav-
ing on the incidence of SSI and there even seems to be a
tendency for more SSI in the hair removal group, as also
suggested by four meta-analyses. Tanner et al. published the
first Cochrane review in 2006, with an update in 2011 [8].
In this meta-analysis, studies referring to body hair removal
were evaluated separately from those involving scalp hair
removal. With regard to body hair removal, three stud-
ies were included. The meta-analysis found that morbidity
was higher in the hair removal group (9.5% vs. 5.8%) but
the relative risk (RR) was not statistically significant (1.65
[0.85—3.19]).

Synthesis and recommendations

Pre-operative hair removal has not been shown to be supe-
rior to no hair removal in terms of surgical site infection.
Hair removal is therefore not recommended (grade A).

Skin preparation

Value and modalities of skin cleansing before
application of antiseptic solutions

The value of skin scrub before application of an antiseptic
solution on the reduction of SSI has been evaluated in four
small sample sized RCT, three of which were included in
a recent meta-analysis [9]. This meta-analysis showed that
the relative risk of SSI after scrub and antiseptic solution
application compared to scrub alone was not statistically sig-
nificant (RR: 1.08 [0.57—2.03]) [9]. When the bibliographic
search was widened to studies that used reduction of the
bacteriologic count as the main outcome criteria, similar
to the methodology in the meta-analysis [9], there was no
statistically significant effect on the relative risk of posi-
tive cultures between scrub and antisepsis alone (RR: 0.90
[0.72—1.14]) [9]. Of note, however, the small sample size

of the available studies limits the interpretation of these
inconclusive results.

Synthesis and recommendations

Skin scrub before application of antiseptic solution is proba-
bly useless in patients whose skin is not dirty (pre-operative
shower), but the small sample size of the available stud-
ies does not allow to come to any formal recommendation
(grade B). Nevertheless, in patients who do not shower,
skin cleaning before antiseptic application is recommended
(expert agreements).

Value and modalities of skin prep before the
incision

In all, 18 RCT and five meta-analyses [10—14] comparing
various antiseptic solutions (CHX and povidone iodine [PVI])
have been published. All these meta-analyses concluded
that CHX was superior to PVI [10—14]. One meta-analysis
showed that an alcoholic antiseptic solution was superior to
an aqueous solution in the reduction of the SSI rate (Odds-
ratio [OR]: 0.60 [0.45—0.78]) [15]. More specifically, the
reduction of SSI was statistically significantly better after
use of an alcoholic CHX solution compared to aqueous PVI
(OR: 0.65 [0.47—0.90]) but also compared to alcoholic PVI
(OR: 0.58 [0.42—-0.80]) [15]. These results were confirmed
in a 2015 Cochrane meta-analysis that suggested that alco-
holic CHX was superior to PVI in limiting the risk of SSI [16].
Finally, no RCT has yet evaluated the value of two skin preps
compared to one.

Synthesis and recommendations

Alcoholic chlorexidine solution is recommended over povi-
done iodine (grade B). Before application of an alcoholic
antiseptic solution, it is important to check that the skin
does not have any break, and to use an aqueous solu-
tion (povidone iodine) when necessary (expert agreement).
Before draping, one should wait for the antiseptic solution
to dry (expert agreement).

Surgical draping and abdominal wall edge
protectors

Choice of sterile drapes

A 2016 World Health Organization meta-analysis, includ-
ing five studies comparing single-use non-woven to reusable
woven drapes, did not show any statistically significant dif-
ference in the risk of SSI between the two groups [15].
Conversely, a systematic review of six studies on surgical
drapes and gowns showed substantial benefits of reusable
material (vs. disposable) in terms of natural resource energy
sustainability (200—300%), water (250—330%), carbon foot-
print (200—300%), volatile organics and solid wastes (750%)
[17]. The available medico-economic studies, however, are
old, heterogeneous and originate from various countries.
Finally, there seems to be an advantage to disposable mate-
rial in terms of costs, and the differences observed are
probably related to variations in local contractual negoti-
ations with the subcontractors employed for maintenance
of reusable material [17].
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Synthesis and recommendations

The preferential use of disposable non-woven or reusable
woven drapes cannot be recommended (grade B). Local
financial, organizational and ecological constraints must be
considered in the choice of textiles used.

Value of plastic adhesive drapes

Several studies have shown that the prevalence and
degree of intra-operative bacterial contamination was not
different between surgeries that used non-impregnated
adhesive drapes or not [18]. Conversely, the use of an
iodophor-impregnated plastic drape was found to decrease
the prevalence of inter-operative contamination of the
abdominal wall in patients undergoing clean and clean-
contaminated surgery compared to patients without the
adhesive protection sheets [19]. However, these protective
drapes have been deceiving in the prevention of SSI. Several
RCTs have evaluated the efficacy of non-impregnated adhe-
sive drapes (5 trials) [20] or impregnated with antiseptic
agents (2 trials) [20] after abdominal and orthopedic surgery
or for Cesarean sections. These RCTs did not find any ben-
efit in terms of SSI or duration of hospital stay, irrespective
of the type of surgery (clean, clean-contaminated, or con-
taminated) [20]. These results were confirmed by a recent
meta-analysis that suggested that SSI was statistically sig-
nificantly higher when non-impregnated protective drapes
were used (OR=1.23 [1.02—1.48]; P=0.03) [20]. Thus, both
the WHO and the Center for Disease Control and Preven-
tion (CDC) recommend against the use of adhesive drapes
[15]. Lastly, the use of these drapes can be associated with
undesirable effects such as PVl-related contact dermati-
tis or abdominal distension, a disadvantage in laparoscopic
surgery.

Synthesis and recommendations

The use of adhesive drapes is not recommended for skin edge
protection (grade B).

Value and choice of wound protectors

The value of wound protectors has been evaluated in
eight RCTs (included in three meta-analyses [21—23]), sug-
gesting a benefit in their use in terms of prevention
of SSI. One of these meta-analyses [21], including only
patients undergoing appendectomy, showed that this ben-
efit was more important in contaminated surgery (RR=0.44
[0.21—-0.90]). The meta-analysis by Edwards et al., con-
firmed the benefit of wound protectors in the prevention of
SSI (RR=0.55; [0.31—-0.98]; P=0.04), with a non-significant
tendency toward a better protection when the protector
had two rings (RR=0.31; [0.14—0.67]; P=0.003) compared
to wound protectors with one ring (RR=0.83; [0.38—1.83];
P=0.64) [22]. Therefore, the WHO recommends the use of
these wound protectors in clean-contaminated, contami-
nated or dirty surgery [15].

Synthesis and recommendations

The benefit of wound protectors in the prevention of SSI has
been shown, with a tendency toward better protection with
double ring devices. The use of wound protection is rec-
ommended for dirty, contaminated or clean-contaminated
surgery (grade A).

Surgeon hygiene
Hand scrub modalities

In 2017, a randomized clinical trial comparing hand washing
with CHX-based antiseptic soap, PVI-based antiseptic soap
and disinfection with hydro-alcoholic (SHA) solution showed
that CHX and SHA were associated with a statistically sig-
nificant decrease in skin bacterial counts compared to PVI
[24]. The study concluded that SHA was the preferred tech-
nique with regard to surgeon comfort. Effectively, SHA was
shown to be better in terms of tolerance, compliance and
costs, compared to the antiseptic soaps. Nonetheless, no
study has shown that SHA was superior to antiseptic soaps
with respect to SSI rates. A 2008 Cochrane revue, updated
in 2016, concluded that there was no formal evidence that
one hand scrub procedure was better than any other [25].
Based on these results, the WHO proposed to use either an
antiseptic foam solution or the SHA rub [15].

Synthesis and recommendations

It is recommended to use a hydro-alcoholic solution for
hand scrub because, even if its use is not associated with
decreased SSI compared to the other procedures because
it is associated with better skin tolerance, surgeon compli-
ance, and lower costs (grade C).

Modalities of use of sterile gloves

Utility of double gloving

Theoretically, double gloving should reduce the risk of SSI
while also reducing the operating team’s risk of accidental
contact with blood or body fluids, particularly since glove
perforations go visually unnoticed in most cases. A Cochrane
meta-analysis of RCTs that included patients undergoing a
wide variety of different surgeries, however, showed that
double gloving did not modify the risk of SSI compared to
wearing only one pair of gloves [26]. Conversely, there was
a statistically significant reduction in the risk of inner glove
perforation when two sets of gloves were worn [27]. How-
ever, surgeons commonly feel that double gloving reduces
surgeon dexterity and precision of surgical gestures by
reduction of tactile perception of instruments and tissues.
Notwithstanding, the only study on this specific topic did
not show any statistically significant difference in duration
of operation in ENT surgery according to whether one or two
pairs of gloves were used [28].

Frequency of change of gloves

There is no study that determines the minimal interval of
time after which a change of gloves is recommended. The
question of the value of changing gloves before manipulation
of implantable material has never been studied specifically
in gastro-intestinal surgery.

Antiseptic gloves

The use of antiseptic-impregnated gloves decreases bac-
terial passage through the glove compared with standard
gloves but no clinical benefit has ever been reported: one
2014 Cochrane review concluded that there was no formal
evidence in favor of the use of special gloves [29].
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Synthesis and recommendations

It is recommended to wear two sets of gloves for the pre-
vention of adverse events (expert agreement) even though
there is no formal evidence of reduction in the risk of SSI
(grade C). Routine use of antiseptic-impregnated gloves can-
not be recommended (grade C).

Choice of operating room attire

There are no studies that have investigated the attire of
patients when they arrive in the operating room or the
impact that this would have on the SSI rate. Likewise, no
studies have looked at the surgeon’s clothing beneath the
operating room gowns, whether reusable or single-use.

Synthesis and recommendations

In the absence of published studies, the working group rec-
ommends that all operating personnel wear either reusable
or single-use scrub attire that should be changed between
operations when soiled as well as at the end of each working
day (expert agreement).

Choice of operating room attire

Type of gown

Only one randomized study has been conducted (in car-
diac surgery) that evaluated the value of single-use (vs.
reusable) draping and gowns in 505 patients [30]. No sta-
tistically significant difference was found in the SSI rate
[30]. More recently, another RCT reported a decrease in
bacterial contamination when non-woven paper gowns were
compared to textile gowns [31]. In case of bleeding during
surgery, « reinforced » gowns, with an inner impermeable
layer of fabric, led to decreased risk of forearm conta-
mination [32]. However, the value of such material in the
reduction of SSI was not studied.

Special attire

Special attire such as protective spacesuits are used in
surgical specialties that require maximal precautions (e.g.
orthopedic implant surgery). However, no similar studies
have been conducted in general or gastro-intestinal surgery.

Change of gowns

Some teams change gowns between the septic and non-
septic phases of an operation, although there are no data
published in the literature on this topic.

Synthesis and recommendations

The working group recommends the use of disposable
non-woven gowns, to be discarded after each utilization
(grade C). « Reinforced » gowns should be used for high risk
(hemorrhagic) operations to prevent surgeon contamination
from blood or body fluids (gradeC). The size of the gown
should be adapted to the morphology of the user and cover
the legs below the knees, including when the user is sitting
(grade C).

Value of protective eyewear

Protective eyewear is recommended in the circular
n° DGS/DH/98/249 of April 20 1998 relative to the pre-
vention of transmission of infectious agents via blood or
biological fluids during procedures in health care institu-
tions. Mansour et al. created an experimental model in

which they compared the efficacy of different types of
protective eyewear and showed an advantage for single-
use plastic protective glasses, leading to a significant
reduction in conjunctival contamination compared to the
controls [33]. The superiority of single-use glasses was
confirmed in another study that reported a 37.7% and
94.9% microbial contamination rate for single-use and
reusable glasses, respectively [34]. No study, however, has
shown any protective role of eyewear in the onset of
SSI.

Synthesis and recommendations

The working group recommends single-use protective eye-
wear to prevent exposure to blood or body fluids (grade C).

Value and choice of surgical headdress

Even though most directives recommend wearing a surgical
hood covering beard, hair and ears, thus limiting the amount
of skin surface exposed, only two studies have specifi-
cally investigated this topic: they were unable to show any
statistically significant difference in the SSI rate between
surgeons who wore a washable cap or a single-use mobcap
[35,36].

Synthesis and recommendations

It is recommended to wear a surgical headdress that covers
the hair of the scalp as well as any facial hair growth (beard),
as necessary (expert agreement). No preference can be rec-
ommended for the type of headdress (mobcap, surgical cap
or hood; single-use or washable) (grade C).

Value of surgical masks

The first RCT on this topic was performed in 1984 on a very
small sample in gynecology and was discontinued because
of the onset of three postoperative infections in the group
where no surgical mask was worn, whereas no infection was
noted in the group where masks were used [37]. In 1991,
Tunevall et al. reported the results of a RCT including 3088
patients that was unable to find any statistically significant
difference in the wound infection rate according to whether
surgeons wore a surgical mask or not (4.7% vs. 3.5%) [38]. In
2002, a RCT in ophthalmology including 221 patients com-
pared the microbial contamination rate on agar placed near
the patient’s head during cataract surgery performed by sur-
geons with or without a surgical mask [39]. A statistically
significant reduction in microbial contamination of the agar
culture was found (P <0.001), but without any clinically sig-
nificant effect as there were no patients with postoperative
infection in either group. With regard to operating room per-
sonnel during the operation, one study was unable to find
any statistically significant difference in the reduction of SSI
when a mask was worn [40]. A Cochrane review concluded
that there was no proof that wearing a surgical mask reduced
the SSI rate [41].

Synthesis and recommendations

Wearing a surgical mask is recommended, as it limits the
transmission of micro-organisms harbored in the oropharynx
and nose to the operative wound, but without any clinical
impact on the risk of SSI (grade B).
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Value and choice of overshoes and clogs in the
operating room

There are no studies that have investigated the value of
wearing clogs in the operative room to reduce the risk of SSI.
With regard to overshoes, two clinical studies were unable
to show any difference in the reduction of bacterial flora on
the operating room floor, but the clinical impact in terms of
SSI was not evaluated [42,43].

Synthesis and recommendations

No studies have shown any value of wearing clogs or shoe
covers in the operating room. The working group rec-
ommends nonetheless wearing clogs that remain in the
operating theater and are washed every day, or else dis-
posable overshoes for every surgical intervention (expert
agreement).

Wound closure

Value and modalities of complementary
wound irrigation before closure

Irrigation of the surgical wound with physiological saline
before closure has not been shown to decrease the risk of
SSI [44]. Conversely, one other study comparing the use of
physiological saline to PVI found a statistically significan-
tly superiority of PVI in terms of SSI, irrespective of the
degree of contamination according to the Altemeier classi-
fication [45]. Direct contact with aqueous PVI has been said
to alter mesothelial cell and neutrophil white cell function
and is associated with an increased risk of SSI, theoret-
ically increased by a locally induced immunosuppressive
phenomenon. However, these in vitro results have not been
confirmed clinically in vivo. Effectively, only one study has
shown a very moderate deleterious effect after colorectal
surgery where the SSI rate rose from 12.8% to 17.7% after a
second PVI wound irrigation (P=0.04) [46]. Aside from this
one study, most of the other clinical studies have shown a
small but statistically significant decrease in SSI and these
results were confirmed by one meta-analysis [47]. These
data concerned the use of aqueous PVI; there are no stud-
ies at present that have compared aqueous CHX to PVI for
incisional wound irrigation before wound closure.

Synthesis and recommendations

A second irrigation with an antiseptic solution is recom-
mended before wound closure (grade A).

Value and modalities of complementary
draping before wound closure

Several studies have evaluated the efficacy of wound closure
protocols in the prevention of SSI and among the numer-
ous preventive measures is the change of operative drapes
before wound closure. These protocols have been shown to
be efficient as the SSI rate was thus lowered by 10 to 15%
whether for pancreatic [48] or colorectal surgery [49]. How-
ever, as the effect of any individual measure has never been
analyzed alone it is not possible to evaluate the impact a
change of draping in the prevention of SSI.

Synthesis and recommendations

Changing surgical draping before wound closure is recom-
mended, even if this gesture has never been specifically
evaluated (grade A). Complementary draping should cover
the first and not replace it in order to prevent any contami-
nation during the change (expert agreement).

Value and modalities of changing instruments
before closure

Changing surgical instruments before closure is one of the
numerous measures in operating room protocols meant to
prevent SSI. With the exception of one, all the studies
evaluating these prevention protocols have shown that this
measure was effective [48—50]. The only study that was
unable to show any benefit of such a protocol [51] was small
compared to the others, and included heterogeneous proce-
dures (gynecologic and urological) for which the risk of SSI
was low.

Synthesis and recommendations

Changing instruments before wound closure is recommended
in gastro-intestinal surgery, even though the value of such a
change has never been specifically evaluated (grade A).

Use of Triclosan-coated sutures

Triclosan (5-chloro-2-[2,4-dichlorophenoxy] phenol) is a
large spectrum antibacterial and antifungal biocide that acts
by interfering with microbial lipidic synthesis and limits bac-
terial proliferation and colonization. Use of Triclosan-coated
sutures could partially destroy the bacteria most often
responsible for SSI on the surface of sutures. Eight meta-
analyses have been published on this topic between 2012
and 2016. The most recent of these grouped 21 randomized
trials with a total of 6462 patients undergoing various oper-
ations in gastro-intestinal, cardiac and ENT surgery [52]. In
this study, the use of Triclosan dipped sutures was associ-
ated with a statistically significant decrease in SSI, from
138/1000 to 99/1000. These good results, however, have to
be confronted with those of two well-conducted multicenter
randomized trials (included in the meta-analysis [52]) and
that on one side, specifically involved patients undergoing
abdominal surgery and on the other, analyzed the effect of
Triclosan dipped predefined suture material (Polydioxanone
and Polyglactin 910). In both of these studies, use of Tri-
closan was not associated with any statistically significant
decrease in the SSI rate [52].

Synthesis and recommendations

Triclosan dipped sutures seem to be associated with a sta-
tistically significant diminution in SSI in various surgical
specialties but not in gastro-intestinal surgery, and therefore
cannot be routinely recommended (grade A).

Operating room environment
Modalities of operating room cleaning

Operating room cleaning recommendations have been pub-
lished by the South-West France Committee for the Fight
against Noscomial Infections (Comité de coordination de
lutte contre les infections nosocomiales [CLIN]) [53]. These
measures are based on expert opinion more than on truly
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scientific arguments, considering the small number of stud-
ies available. These include: hand hygiene (hydro-alcoholic
rub) before and after each bio-cleaning, wiping all surfaces
(operating table, head, arm and leg rests, lighting and anes-
thesiology equipment) with a detergent and disinfection
solution, performed in one stroke, from clean to dirty, from
up to down. Particular attention should be paid to clean-
ing keyboards, video towers, and anesthesiology equipment.
The floor should be mopped or treated with high pressure
steam cleaning techniques (shown to be effective for deter-
sion and disinfection of operating room floors [54]). The
products that can be used are chosen from those with proven
complete antibacterial and antifungal activity [55].

Contaminated surfaces are a potential source of conta-
mination when sediment particles become suspended in
the air by the movement of personnel in the operating
room. The French Society of Hospital Hygiene (Société
frangaise d’hygiene hospitaliere [SF2H]) recommends a min-
imal interval of time for elimination of more than 90% of
the particles of at least 0.5 . present in air suspension [56].
The time necessary for particle elimination is less than or
equal to 10 minutes for operating rooms where the level of
operative site infection (ISO) risk is 7, which is usual for
particle contamination; this is compatible with activities in
gastro-intestinal surgery and transplantation according to
the recommendations of the central CLIN of Paris Hospitals.
Moreover, as bio-cleaning is a source of particles, the time
necessary for the procedure cannot be counted within the
interval of time between two operations.

There is no formal proof that disinfection of surfaces (if
they are not macroscopically dirty) after each operation
reduces the risk of infection. According to the experts of
the SF2H, as long as the surfaces do not enter into direct
contact with the operative site, the risk of infective trans-
mission is low [56]. Therefore, the experts strongly agreed
to recommend that all operating room surfaces be cleaned
and disinfected after every operation, including mopping
of the floors. For operations that are associated with soil-
ing, mopping must be completed by manual lavage with a
detergent and disinfecting product. For patients infected
with or carriers of multi-resistant bacteria or for contami-
nated (Altemeier Class lll) or dirty (Altemeier Class IV) [57]
surgeries, additional specific measures, such as airway dis-
infection, are not called for [56].

Finally, the regional CLIN stipulates that all operating
room surfaces be disinfected and that the floor be cleaned
with a detergent/disinfectant solution after every operative
session.

Synthesis and recommendations

Our group did not make any particular modification of the
recommendations proposed by the regional CLIN (expert
agreement).

Management of patients with latex allergy

The mainstay of management is elimination of latex aller-
gens. The measures that reduce the risk of contact with
latex allergens intervene at several levels:

e direct contact: absence of contact between the patient
and latex is assured by use of latex-free material, the
cornerstone of secondary prevention of latex allergy. This
means that all carts in the operating room be latex-free,
and that there is an evening-before check that all equip-
ment that will be used the next day is latex-free;

¢ inhalation: to limit the quantity of aero-allergens that are
dispersed when the surgeons take off their gloves, and
therefore the risk of allergic reaction, it seems preferable
to schedule the high-risk patient as the first case. If this is
not possible, a delay of at least one hour between opera-
tions is necessary to resolve the problem of air-suspended
particles. Likewise, the bio-cleaning team should wear
latex-free gloves;

e organization: several secondary prevention hospital pro-
tocols have been published [58]. A severe anaphylactic
reaction to latex during a urologic operation was reported
recently. This accident is full of information in several
aspects.

Drug prophylaxis (antihistaminiic and/or steroids) has not
been shown to be effective [59]. Certain authors have even
suggested that some forerunner signs of allergy could be
retarded and lead to delay in diagnosis.

Synthesis and recommendations in case of
recognized allergy to latex

Using latex material is strictly contra-indicated. Only latex-
free material should be used (grade A). The experts
recommend setting up a cart with latex-free material only.
The cart must be complete, and its placement known to
all health care personnel (grade A). Airborne allergens are
least for patients who are first on the operation schedule
(grade A). In case of organizational problems, latex-free
material must be used for the entire operation program.
Patients with recognized latex allergy should wear an identi-
fication bracelet labelled « latex allergy » and this should be
clearly indicated in the patient record (grade C). Drug pro-
phylaxis for patients with latex allergy is not recommended
(grade C).

Management of patients who are multi-drug
resistant bacteria (MDRB) carriers

The French Society of Hospital Hygiene (Société francaise
d’hygiene hospitaliére; SFHH) published recommendations
on this topic in 2009 [60]. These recommendations recall
the characteristics of multi-drug resistant bacteria (MWDRB):
commensal bacteria, multi-drug resistance to regularly-used
antibiotics, hand-borne transmission mechanism overriding
the risk of mutation/adaptation in the presence of antibi-
otics, endemic in all hospitals in France and emergent highly
resistant bacteria (eMDRB) (commensal intestinal bacteria
resistant to vancomycin or imipenem).

The recommendations of the SF2H are not to schedule
a patient with MDRB at the end of the daily operative list
as long as all precautions have been taken to avoid any
inopportune contact and that adequate bio-cleaning can be
performed [61]. This recommendation is founded on the fact
that if all precautions are correctly taken, the risk of cross-
over transmission in the operating room are nearly nil, which
means that no specific measures are necessary specifically
for MDRB carriers.

The potential severity in case of infection and the risk
of diffusion of eMDRB when the necessary precautions are
not taken, have led the High Committee of Public Health
[62] to specifically recommend that the index patient be iso-
lated and managed by dedicated personnel, and that other
patients who potentially could have been in contact with
the index patient, be confined to the same health care area.
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The efficacy of these measures has been confirmed several
times.

Synthesis and recommendations

The recommendation is that it is not necessary to modify the
operative scheduling order of patients with MDRB as long
as all precautions have been taken to avoid any inoppor-
tune contact and that appropriate cleaning is undertaken
between two operations (expert agreement). Conversely
patients with eMDRB should be scheduled last on the oper-
ation schedule, and the transfer to the operating theater
should be managed by dedicated personnel (grade C).

Other measures in the operating room

Noise in the operating theater

The negative effect of noise in the operating theater has
been shown extensively [63]: noise decreases the capacity of
concentration, short-term memory, modifies the quality of
communication, decreases overall professional performance
and can compromise patient safety. Moreover, exposure to
excessive noise has long-term consequences such as loss of
acoustic acuity, and increased risk of cardiovascular disease
(hypertension, premature death, myocardial infarction).

Synthesis and recommendations

It is strongly recommended to limit the volume of sound in
the operating room, and in particular, to avoid any conver-
sations that do not have any direct relation with health care
(grade B).

Music in the operating room

One randomized study compared execution scores for vari-
ous surgical tasks performed on a laparoscopic simulator by
novice surgeons under three different settings: no music,
deactivating (relaxing) music or activating music [64]. The
highest scores were obtained when the surgeons listened
to deactivating or no music while activating or dynamic
music decreased the technical performances. Of note, the
authors also observed that tasks were best performed and
more rapidly when the music was judged to be ‘‘pleasant’’.
The same type of study was performed with other surgeons,
experts in laparoscopic surgery, and suggested that classi-
cal music had a positive effect on the technical precision
of surgeons [65]. Lastly, classical music has been found to
enhance laparoscopic learning [66].

Synthesis and recommendations

In accordance with the preceding recommendation con-
cerning auditive volume in the operating room, routinely
listening to music cannot be recommended (grade A). Listen-
ing to music is acceptable but only if chosen by the operator,
and with the agreement of the rest of the team; music should
be ‘‘non-activating’’ and low volume (grade B).

Impact of operating room traffic and opening
of doors during surgery

The only RCT on this topic was published in 2016 and evalu-
ated the effect of restricted circulation of personnel in the
operating room (no observers or students, non-use of the
main door during the operation), compared to ‘‘free circu-
lation’’ on the risk of SSI after neurosurgical operations [67].
There was no decrease of the risk of infection in the group
observing *‘traffic restrictions’’.

Synthesis and recommendations
No restrictions can be recommended with regard to the num-
ber of persons in the operating room (grade A).

Impact of the presence of students

Students need to be exposed to the operating room dur-
ing their training. Most physicians, operating room personnel
and even patients recognize the pedagogical value of a sur-
gical clerkship rotation during training including observing
what goes on in an operating room. It is difficult, how-
ever, to evaluate how the presence of medical student
observers influences the progress of a surgical operation and
outcomes, mainly because there are so many confounding
factors. Moreover, several studies have shown that the atti-
tude of surgeons towards students had a determining role
in their choice of becoming surgeons or not and that this
influence was often under-estimated by the surgeons them-
selves. While actual passing out (loss of consciousness) is
a relatively rare occurrence, one Canadian study showed
that pre-syncopal symptoms or faintness were experienced
by 42% of students [68]. These malaises are important to
consider because they can lead to falls, that could disturb
the operation and affect the impression students have of
the operating room and surgery. Lastly, there are no data
relative to the impact of the presence of students in the
operating room on the risk of SSI or the duration of opera-
tion.

Synthesis and recommendations

Exposure to the operating room should be mandatory during
training of medical students (expert agreement). Surgeons
should be aware that their behavior in the operating
room can influence students (gradeC). Routine explana-
tion of premonitory signs, adequate eating and hydration
before exposure are preventive measures to avoid malaise
(grade C).
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