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Abstract

Despite remarkable developments in the use of surgical techniques, ergonomic advancements in the operating room,
and implementation of bundles, surgical site infections (SSIs) remain a substantial burden, associated with increased
morbidity, mortality and healthcare costs. National and international recommendations to prevent SSIs have been
published, including recent guidelines by the World Health Organization, but implementation into clinical practice
remains an unresolved issue. SSI improvement programs require an integrative approach with measures taken during
the pre-, intra- and postoperative care from the numerous stakeholders involved. The current SSI prevention strategies
have focused mainly on the role of healthcare workers (HCWs) and procedure related risk factors. The importance and
influence of patient participation is becoming an increasingly important concept and advocated as a means to improve
patient safety. Novel interventions supporting an active participative role within SSI prevention programs have not been
assessed. Empowering patients with information they require to engage in the process of SSI prevention could play a
major role for the implementation of recommendations. Based on available scientific evidence, a panel of experts
evaluated options for patient involvement in order to provide pragmatic recommendations for pre-, intra- and
postoperative activities for the prevention of SSIs. Recommendations were based on existing guidelines and expert
opinion. As a result, 9 recommendations for the surgical patient are presented here, including a practice brief in the
form of a patient information leaflet. HCWs can use this information to educate patients and allow patient engagement.
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Background
Surgical site infections (SSIs) continue to constitute a
major challenge to healthcare institutions as a leading
cause of healthcare associated infections (HAIs) [1]. The
detrimental consequences of SSIs are associated with
poorer patient outcomes, affecting mortality, morbidity
and increasing healthcare associated expenditure [2, 3].
SSIs are the most common cause of HAIs in income-
poor settings and the second most common cause of
HAIs in resource-rich countries [4, 5]. Data from low

and middle-income countries showed an overall inci-
dence rate of 5.6%, whilst 2.6% reported in the USA and
1.6% in Germany [5–7]. Yet, a large part of HAIs,
including SSIs is preventable.
There are various factors contributing to the risk of

SSI occurrence and preventative measures require an
integrative approach that focuses through the pre-, intra-
and postoperative care involving all the stakeholders.
Numerous multimodal preventive intervention programs
based on guidelines, surgical site care bundles, and
surgical safety checklists have been established [8–10].
Despite several advancements in procedures, the optimal
reduction of SSIs remains a challenge. To date, most SSI
preventive measures have focused on the surgical team
with patient participation intervention on SSI prevention
unexplored hence, effectiveness of this intervention
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remains to be assessed [11]. In the past few years, active
engagement of the patient in the processes of healthcare
has gained momentum on a global scale as a means to
improve patient safety [12]. There has been a greater
emphasis and a marked emergence of more active
patients, who are characterized as being better informed,
having a more participatory role and being involved
in decision-making process concerning their health
[13, 14]. Patient participation in SSI preventive pro-
grams refers to interventions ranging from patient
education to ensure a clean skin pre- surgery to empower-
ing patients to remind HCWs to not shave the surgical
site; to perform hand hygiene prior contact with the surgi-
cal site; to assist in preserving a warm body temperature
throughout surgery and other actions outlined here. This
strategy might be useful but its effectiveness has not been
researched.
We aimed to identify basic and pragmatic recommen-

dations for patients to be empowered by healthcare
workers (HCWs) to seek information at an early stage
and actively engage throughout their surgical journey.
We analyzed several international guidelines that are
considered standards at a global level and identified vari-
ous effective elements of pre-, intra- and postoperative
care where patient can play an important role to ensure
that preventative measures have been implemented. The
primary audience for these recommendations is the
surgical patient and HCWs including infection control
specialists, surgeons, nurses and others providing direct
patient care, as the basis for developing patient educa-
tion material and supporting patients throughout their
surgical journey with SSI preventive measures.

Methods for the development of recommendations
Five key infection prevention and control experts and
infectious disease specialists, with a special interest in
surgical site infections formed the expert panel (PG,
JRB, AW, JK, AV), and convened a day-long meeting
to discuss the topic. All members are scientifically
renown in peer-reviewed journals and have made es-
sential contributions in the development of inter-
national guidelines for the prevention of surgical site
infections.
In the absence of evidence on patient participation in

SSI prevention, a systematic literature review was not
possible. International published guidelines on pre-,
intra- and postoperative measures for SSI prevention,
mainly from the World Health Organization (WHO),
Centers for Disease Control and Prevention (CDC) and
their reference lists were searched to identify relevant
studies [10, 15, 16]. Of note, for the recently published
WHO SSI prevention guidelines, 27 systematic reviews
were conducted to support the evidence of published
recommendations [15, 16].

To this end, the panel identified 9 fundamental recom-
mendations based on evidence and on expert advice and
consensus when evidence was scarce. Based on the
recommendations clear and pragmatic implementation
strategies were developed in the form of a patient’s infor-
mation leaflet containing proactive information patients
require to engage in the prevention of their surgical site
infection during the pre-, intra- and postoperative care
(Additional file 1). This information is intended to en-
hance the knowledge of the surgical patient towards SSI
prevention thus inviting the patient to actively engage in
the processes of care. The practical recommendations can
be adapted by healthcare facilities in different patient edu-
cation formats. The leaflet was pretested for readability
among individuals of patient representative groups and
adjusted according to the remarks provided. The recom-
mendations and the implementation strategy summarized
in brief action points for patients to participate during
their surgical journey are presented in Table 1.

Education opportunities to improve patient engagement
The information content provided here in a leaflet format
has the potential to be translated in other languages and
adaptable to local circumstances for use in multiple forms of
communication and patient education strategies (Additional
file 1). Educational interventions are likely to be more
effective if they are multifaceted and broadly applicable to
meet various health literacy needs across the general popula-
tion [17]. The evolving healthcare system is marked by the
emergence of more active patients and the patient is recog-
nized as a key stakeholder, requiring more information that
facilitates a participatory role [18]. Surgeons, nurses and
other HCWs might consider various educational programs
(written material, illustrations, images, computer technology,
smartphone mobile applications, serious games, audio, video
and demonstrations) to meet different learning needs and
achieve active patient engagement. Utilization of social
media and contemporary internet based resources has
grown rapidly in the last decade with platforms such as
Facebook, Twitter, YouTube, and blogs as emerging
resources for patients seeking health information [19]. How-
ever, lack of quality information drives individuals to seek
information from untrusted sources [14]. Such platforms
may offer novel ways to share information on prevention of
SSIs well in advance prior to the surgery before the patient
is admitted to the hospital during pre- hospital admission
visits, telephone conversations and repeated at different
intervals throughout a patient’s surgical care pathway (i.e on
admission, immediately before surgery, after surgery and
prior to discharge from a facility). This information can be
made easily accessible on the facility websites, on electronic
devices given to patients and other formats, whilst providing
trusted resources and empowering patients with information
regarding their care.
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Healthcare workers’ role to encourage patient
engagement
HCWs behavior can have a major effect and their sup-
port is crucial for successful patient engagement activ-
ities surrounding SSI prevention. Importantly, HCWs
need to acknowledge that an active participatory role
throughout the surgical journey may have an influence
on patient action to prevent SSI. From in-depth focus
groups with patients, Rawson et al. described that HCWs
are failing to engage their patients with the decision-
making process surrounding infections and their man-
agement thus, leading to misinformation, frustration

and anxiety [14]. Poor communications by HCWs, low
health literacy, lack of knowledge and quality of informa-
tion of the subject have been reported as main obstacles
to patient engagement driving individuals to seek informa-
tion from untrusted online sources [14, 20, 21]. The de-
tailed patient information provided here is designed in an
easy to understand language surrounding patient activities
to prevent the occurrence of SSI following surgery. None-
theless, when providing education to patients on the rec-
ommendations presented here, HCWs must be mindful of
patients’ health literacy needs, ensuring that this proactive
information is adopted to meet the individual needs and

Table 1 Summary of recommendations and key actions for patients to participate in SSI prevention program

Recommendations Key actions for patients

1. Staphylococcus aureus screening
and decolonization

For high risk surgery, nasal screening for methicillin-sensitive S. aureus (MSSA) or methicillin-resistant
S. aureus (MRSA) carriage is recommended

Decolonization treatment with mupirocin 2% ointment with or without a combination of chlorhexidine
gluconate body wash prior to surgery is needed for nasal carriage of MSSA or MRSA

Apply decolonization treatment at least the night and the morning before your surgery
Decolonization treatment for 3–5 days before the surgery if possible

2. Smoking Inform your doctor about your smoking history before surgery

Quit smoking 4 weeks or longer before your surgery

3. Hair removal Shaving is strongly discouraged

Do not remove hair at the site of the planned incision when at home Hair should only be removed
with an electrical clipper

4. Hand hygiene Clean your hands before eating a meal; after visiting the toilet or using commode/urinal; before and
after touching your drip (IV line) or drainage bag/tube

Visitors should not touch your wound or dressings

Speak up if you do not see HCWs clean their hands

5. Body temperature Ask about the procedures followed to keep you warm throughout surgery

Take a hot shower shortly before the surgery

Avoid “cooling down”

Ask for extra blankets to keep yourself warm during transportation

Speak up, if you feel cold before or after surgery and ask for a blanket

6. Preoperative showering and bathing Make sure your skin is clean before surgery

Shower or bathe (full body) with either soap (antimicrobial or non-antimicrobial) on the night before
and/or in the morning of the surgery

7. Diabetes mellitus See your doctor at least one month before your scheduled surgery

Maintain stable blood glucose levels before, during and after surgery

Inform HCWs about your routine insulin regime

8. Wound care after surgery The wound dressing should be kept in place for 48 h after surgery

If change of dressing is necessary, this should be done under a clean technique

Ensure that HCWs clean hands immediately before changing your dressing

Visitors should not touch your wound or the dressing when visiting you

Make sure you know and understand how to care for your wound before leaving the hospital

Report any redness, pain, swelling or fever to HCWs

9. Multidrug-resistant organism risk (MDRO) Inform HCWs about any travel history or previous recent hospitalisation

Inform of any known carriage of any MDRO such as MRSA, Extended Spectrum β-Lactamase (ESBL)
producing or Carbapenem-resistant Enterobacteriaceae (CRE)
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that it is understandable. Emphasis is placed on encour-
aging an educational environment that stimulates patients
to participate in their surgical care, by getting involved in
a discussion, inviting and allowing time for questions and
clarifications on the information provided. A recent
systematic literature review has confirmed the import-
ance of HCWs encouragement as a key component
empowering patients to take action on the recom-
mended safety behaviors [22].

Recommendation 1: Staphylococcus aureus screening and
decolonization
What can the patient do?

� If you are undergoing high risk surgery including
cardiothoracic and orthopedic surgery ask your
healthcare worker for a nasal screening test to
identify methicillin-sensitive Staphylococcus aureus
(MSSA) or methicillin-resistant Staphylococcus
aureus (MRSA) carriage

� If you are a nasal carrier of MSSA or MRSA you
should receive decolonization treatment with
intranasal applications of mupirocin 2% ointment
with or without a combination of chlorhexidine
gluconate (CHG) antiseptic body wash prior to
surgery

� The treatment should be applied at least the night
and the morning before your surgery. If possible you
should receive decolonization treatment for 3–5 days
before the surgery. In this case, the decolonization
treatment can be done at home and you should be
provided with information or a patient information
leaflet on the correct use of the treatment application
method.

Rationale
Staphylococcus aureus nasal carriage increases a patient’s
risk for developing a healthcare-associated infection with
this microorganism, at least after cardiothoracic and
orthopedic surgery [3, 23, 24]. Preoperative screening for
nasal carriage and subsequent treatment of carriers with
mupirocin ointment and chlorhexidine gluconate washes,
reduces the risk for the development of hospital-acquired
S. aureus infections by 79% for deep infections and 55%
for superficial infections [25]. Also, the mean duration of
hospital stay is reduced in treated carriers by approxi-
mately 2 days. A cost benefit analysis shows that the strat-
egy is cost-effective and saves lives [25].
Mupirocin nasal ointment is an effective, safe and rela-

tively cheap treatment for the eradication of carriage.
Nevertheless mupirocin resistance has been reported,
and therefore mupirocin should be used wisely for the
recommended period of time [23, 25]. Alternatives to

mupirocin and chlorhexidine gluconate (CHG) are cur-
rently under investigation.
Some facilities have experienced problems with the

implementation of screening and instead perform uni-
versal decolonization preoperatively in the absence of
screening [9, 26]. As the majority of patients do not
carry S. aureus and treatment in this group is not effect-
ive, this is not the optimal strategy and should be con-
sidered with caution as it may contribute to mupirocin
resistance. However, it is considered a better alternative
than no decolonization at all.

Recommendation 2: Smoking
What can the patient do?

� Inform your doctor about your smoking history well
in advance prior to your surgery

� Quit smoking 4 weeks or longer before your surgery.
Ask for nicotine replacement to help you stop
smoking at least temporarily

Rationale
Smoking is a recognised independent risk factor for surgical
site infections [27]. Smokers have a higher incidence of
complications after surgery compared with non-smokers
across all surgical specialties. Former smokers appear to
have a lifetime higher risk of healing complications com-
pared with patients who never smoked. Current smokers
have increased rates of respiratory complications such as
postoperative pneumonia and SSIs. Smoking increases
other complications such as wound hematoma, discharge,
or dehiscence in the immediate postoperative period.
Smoking affects the normal wound healing process and
may increase the risk of developing SSIs [27, 28]. Factors
responsible for the increased risk of postoperative compli-
cations include: nicotine, nitric oxide, and carbon monox-
ide. Smoking causes endothelial dysfunction, inflammation,
and progression of atherothrombotic disease. Consequently,
smoking cessation is recommended in the preoperative
period. This seems to be an effective measure to reduce
postoperative complications even if it is introduced as late
as four weeks before surgery [27].

Recommendation 3: Hair removal
What can the patient do?

� At home, do not remove hair at the site of the
planned incision (even if asked to do so). The skin
may experience microscopic cuts and abrasions that
microorganisms can enter and colonize these cuts. If
you are shaving on a regular basis you will need to
stop shaving near the surgical area at least five days
before your surgery to prevent superficial infections
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� While being in the hospital, ask the healthcare
worker in charge of you, if any hair removal is
deemed necessary. If you have local anesthesia or if
someone wants to remove hair at the planned
incision site using a razor, speak up. Shaving is
strongly discouraged. If necessary, hair should only
be removed with an electrical clipper [29]

Rationale
The hair removal procedure has been performed histor-
ically, because it is thought that the presence of hair can
interfere with the exposure of the incision, the suturing
of the incision and the application of adhesive wound
dressings [30]. Nonetheless, hair does not need to be re-
moved preoperatively unless the hair in or around the
incision site interferes with the operation. While the data
for the timing of hair removal are less convincing, in
general, hair removal should be done as shortly before
the operation, as possible. The preferred method of hair
removal is by using a clipper [29, 30]. Using a razor can
irritate the skin and lead to micro lesions. Consequently,
microorganisms can progressively colonize the affected
skin and thus significantly increase (double) the chance
of a postoperative infection. While depilating creams are
probably comparable to clippers in regard to postopera-
tive wound infections, some patients may experience
skin irritation and in general the procedure seems less
practical and requires additional cleaning with water
afterwards [29, 30].

Recommendation 4: Hand hygiene
What can the patient do?

� Clean your hands by using an alcohol-based hand
rub or, if your hands are visibly dirty, soap and
water.
� before eating a meal
� after visiting the bathroom or using commode/

urinal
� before and after touching your wound or wound

dressing
� before and after touching your drip (IV line) or

drainage bag/tube
� Make sure that healthcare workers clean their hands

before assessing your wound, preferably with an
alcohol-based hand rub solution

� Speak up if you do not see healthcare worker clean
their hands before touching you

� Visitors should not touch your wound or dressings.
If they need to be involved in wound care they
should follow the same preventive measures as
healthcare workers

Rationale
As much as 50–70% of all healthcare-associated infections
are transmitted through the hands of HCWs due to lack
of adherence to good hand hygiene practice [31, 32]. Ap-
propriate hand hygiene of HCWs remains the most effect-
ive strategy to protect patients from healthcare-associated
infections and limit the spread of antimicrobial resistant
bacteria [31, 33, 34]. Yet, compliance with hand hygiene
among HCWs is persistently substandard with an average
of only 38.7% (range 5–89%) [12, 33].
There is strong evidence supporting implementing

hand hygiene activities using multimodal strategies to
improve compliance and reduce healthcare associated
infections [33–36]. Additionally, involving patients to re-
mind HCWs about their hand hygiene could lead to a
sustained increase in compliance when combined with
other multimodal strategies. McGuckin et al. showed
that when patients were educated on admission to re-
mind staff to clean their hands, hand hygiene practices
of HCWs improved significantly, with a marked increase
in soap consumption from 34 to 94% [37]. Other studies
have shown a beneficial effect from improved hand hygiene
practices in patients [38–40]. In a before-and-after retro-
spective study, Gagne et al. implemented a program to
promote hand hygiene of patients and visitors, show-
ing a 51% reduction in healthcare associated MRSA
infections [38].

Recommendation 5: Body temperature
What can the patient do?

� It is important that you do not cool down before
and during the surgical procedure

� Ask your doctor or nurse about the procedures
followed to keep you warm throughout surgery

� Take a hot shower shortly before the surgery is
scheduled and stay under the cover after your
shower, so as to preserve warm body temperature

� Avoid “cooling down” and do not put on the surgical
gown and stay uncovered long before the surgery
commences

� Ask for extra blankets to keep yourself warm during
transportation from the ward to and from the
operating room

� Speak up, if you feel cold before or after surgery and
ask for a blanket

Rationale
Mild perioperative hypothermia, which is common during
surgery, may increase patients’ susceptibility to periopera-
tive surgical site infections by causing vasoconstriction
and impaired immunity [41].
Despite an ongoing discussion within the scientific

community, there is evidence of reduced rates of SSIs
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when a stable body temperature is maintained (core
temperatures near 36.0–36.5 °C) and this so called
“normothermia”, is part of many guidelines to prevent
surgical site infections [42]. In short duration, for a clean
surgical procedure, this can be achieved by active
warming 30 min prior to surgery; in abdominal surgery,
intra-operative active warming (e.g. forced-air warming
blanket) has shown to reduce the rate of surgical site
infections [43].
Less is known about “passively keeping warm”. While

“passively keeping warm” was not scientifically com-
pared to “unintentional cooling down”, experts believe
that all measures should be taken to ensure that a warm
body temperature is maintained. A hot shower shortly
before the operation may relieve tension or even ease
anxiety (due to oxytocin release) but the patient’s overall
body temperature might drop if the patient is not cov-
ered immediately afterwards. In general, patients should
avoid “cooling down” e.g. by changing into hospital
gowns and laying on top of their bed long in advance be-
fore surgery. Patients should ask for an extra blanket
when feeling cold and should maintain a warm body
temperature even during transportation and at the hold-
ing bay of the operation theatre.

Recommendation 6: Preoperative showering and bathing
What can the patient do?

� Make sure your skin is clean before you are due for
surgery

� Shower or bathe (full body) with either soap
(antimicrobial or non-antimicrobial) or an antiseptic
agent on the night before and/or in the morning of
the day you are scheduled for surgery

Rationale
The rationale behind whole body bathing or showering
before surgery is to make the skin as clean as possible by
removing the transient flora and some resident flora.
Showering with an antiseptic reduces the amount of
bacteria found on the skin but the effect on surgical site
infections in the scientific evidence remains inconclusive
[44]. There is no specific recommendation favoring one
antiseptic agent over another. Some product may cause
hypersensitivity or skin irritation for specific patients
therefore an alternative product might be needed. There
are no benefits for using body wipes or disposable
disinfectant washcloths as compared to shower with un-
medicated bar soap have been reported in the evidence
for the prevention of surgical site infections. Also there
is no specific recommendation in terms of optimal tim-
ing for showering prior to surgery, the total amount of
soap or antiseptic application [44, 45].

Recommendation 7: Diabetes mellitus
What can the patient do?

� If you have diabetes see your doctor at least one
month before your scheduled surgery

� It is crucial to maintain stable blood glucose levels
before, during and after surgery

� When hospitalised inform your doctor or nurse
about your routine insulin regime

Rationale
Hyperglycemia is significantly associated with an in-
creased risk for SSIs. Blood glucose levels rise during
and after surgery due to surgical stress. Hyperglycemia
impairs numerous host defense mechanisms and the risk
of SSI increases [46, 47]. It is essential to control serum
blood glucose levels for all surgical patients, including
patients without diabetes. Well-controlled blood glucose
levels have a significant benefit in reducing the risk of
SSI development.

Recommendation 8: Wound care after surgery
What can the patient do?

� The wound dressing should be kept in place for
48 h after surgery unless indications such as
bleeding/exudate or abnormal pain are present

� If there is excess wound leakage and a change of
dressing is necessary, this should be done under a
clean technique (aseptic technique)

� Ensure that healthcare worker performs hand
hygiene (clean hands) and puts gloves on
immediately before changing your dressing

� Visitors should not touch your wound or the dressing
when visiting you. If they need to help, they need to
follow the mentioned infection prevention measures.

� Make sure you know and understand how to care
for your wound before leaving the hospital

� If any symptoms of wound infection are present
(redness, pain, swelling, fever) inform your doctor
or nurse

Rationale
The wound is covered with a sterile dressing following
surgery and while the wound is healing. Based on best
practice and expert opinion, the wound should remain
covered for 48 h following surgery, as this is period
where initial healing over the wound takes place [48]. A
surgical wound dressing is important to absorb leakage
and to protect from microorganisms. There is no recom-
mendation towards a particular dressing type; however a
dressing such as semi permeable film, which is in use,
would be appropriate [49]. It is important to change the
surgical wound dressing under specific actions that
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prevent transmission of microorganisms. These require
preparation of a surface area that prevents touch con-
tamination of equipment; HCWs use gloves and apron
and do not touch any other equipment in the surround-
ing environment.

Recommendation 9: Multidrug-resistant organism (MDRO)
risk
What can the patient do?
Inform your doctor:

� About your travel history within the last year or
previous recent hospitalisation abroad, in particular
if you have been recently hospitalised in countries
within Southern and Eastern Europe, Middle East
and North Africa (since these countries are
recognized as high risk for MDRO)

� Known carriage of any MDRO such as MRSA,
Extended Spectrum β-Lactamase (ESBL) producing
or Carbapenem-resistant Enterobacteriaceae (CRE)

Rationale
Healthcare-associated infections are a major patient
safety issue worldwide. The pace of increase in life ex-
pectancies and the ageing population is accompanied by
greater prevalence of chronic diseases among hospita-
lised patients [50]. This, together with an increased use
of diagnostics and therapeutic procedures affecting the
host defenses will pose a significant challenge for the
prevention of healthcare associated infections in the fu-
ture [51]. Furthermore, resolving the threat presented by
antimicrobial resistance (AMR) remains a challenge for
healthcare systems threatening patient safety and leading
to increased use of broad-spectrum antibiotics [52].
Controlling multidrug-resistant organisms (MDROs) is
important because MDROs are resistant to usual anti-
microbial therapy, increase patient morbidity and mor-
tality, add to the cost of treatment, have the potential to
spread and act as a reservoir of resistance genes for the
transmission to other organisms. While MDRO is a
global phenomenon, there are significant regional differ-
ences in terms of prevalence and patients who have been
hospitalised in healthcare institutions abroad, are more
likely to be colonized with MDRO [52, 53].
Patients with infections or carriers of pathogenic/re-

sistant microorganisms admitted to hospital are poten-
tial sources of infection for patients and HCWs. Thus
emphasizing the importance of surveillance and adher-
ence to infection prevention and control policies for
these patients [52, 53]. Of note, admission screening of
patients at high risk of MDRO carriage (e.g. patients
who have been previously hospitalised in healthcare
institutions abroad) allows for additional transmission

based precautions (e.g. contact precautions, single rooms)
and efforts to limit the spread of MDROs.

Conclusions
The impact of SSIs both on patients and healthcare or-
ganizations is profound; therefore efforts should focus
on implementing diverse multidisciplinary prevention
strategies. Patient engagement in preventing SSI might
be an effective and useful strategy adding to the already
existent surgical site care bundles. Yet, this topic is still
at its infancy and deserves further rigorous studies to
support the effectiveness of patient focused interventions
in preventing surgical site infections. The elements rec-
ommended here, require further testing to define the op-
timal “bundle” that is effective and is regarded as
acceptable part of quality improvement by HCWs and pa-
tients as well. Furthermore, patient engagement has the
potential to help implementing current SSI guidelines into
routine clinical practice. This aspect should be addressed
through improving interventions that support patient edu-
cation and encourage an active participatory role through-
out the surgical care.
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