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Abstract
Background: Postoperative surgical site infections (SSI) are the third most common
healthcare-associated infection. Even though several studies have pointed out the benefits
from skin disinfection prior to surgery in order to reduce SSI, it remains unclear how to
optimize the skin disinfection procedure.
Aim: The aim was to find evidence for how many times preoperative disinfection showers
should be performed in order to reduce bacterial colonies and minimize the risk of SSI.
Method: A comprehensive literature search of multiple databases published from 1986 to
2008, supplemented by a manual search of the references in all relevant articles. Protocols
were used in quality assessment and the data synthesis is descriptive in a narrative form.
Results: The ten studies included had different designs, interventions, and samples, which
makes it difficult to compare them. Moreover, the quality of the reviewed studies varied and
only four had a high level of evidence. Therefore the results failed to give an unambiguous
answer about the optimal number of preoperative showers, so only assumptions can be made.
It is quite obvious, however, that preoperative disinfection showers with Chlorhexidine
gluconate (CHG) are effective from a microbiological point of view since eight of the
reviewed studies showed a sharply reduced skin flora after using CHG.
Conclusions: Currently, clear evidence for how many times preoperative disinfection
showers should be performed to minimise the risk of SSI is missing. This highlights the need
for further research that focuses on the number of preoperative disinfection showers in
relation to SSI, in order to obtain optimal effect. Until then it would be wise to follow
previously made recommendation of 3-5 preoperative showers. Moreover, in order to have the
intended effect of preoperative disinfection, it is important that healthcare professionals have
the knowledge to guide patients with information and clear instructions of the disinfection
shower procedures.
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BACKGROUND
Infections go back to the beginning of life itself and have always been a problem in our health
care systems. Healthcare associated infections are still one of the most common
complications, leading to longer hospital stays, increased costs and, not least, suffering for the
patients which cannot be calculated in costs. Postoperative surgical site infections (SSI) are,
after urinary tract infections and pneumonia, the third most common healthcare associated
infection (Emori et al. 1993; Burke 2003; Gravel et al. 2007). Studies have shown that
patients who acquire SSI double the length of their hospital stays and the risk of death
(Dellinger 2005). In Sweden, the Swedish National Board of Health and Welfare
(Socialstyrelsen 2006) strongly recommends patients who are about to undergo surgery where
skin bacteria can cause serious infections, to prepare themselves by showering with CHG 3-5
times before surgery. Even though several studies have pointed out the benefits from skin
disinfection prior to surgery (Bröte et al. 1976; Zandi 2000; Segal 2006) it remains unclear
how to optimise the skin disinfection procedure. Evidence-based information is therefore
needed that can guide healthcare professionals in making appropriate decisions regarding
preoperative skin preparation procedures. Preoperative skin preparation is a process involving
both preoperative shower/bath as well as the disinfection of the surgical site immediate prior
to surgery. Current study focus only on preoperative shower/bath.

Already during the 1850’s, Florence Nightingale was a pioneer and reformer of hospital
sanitation methods, although she was unaware that bacteria are the cause of infections
(LaForce 1993). In the late 1860’s Lister introduced the concept of asepsis into the practice of
surgery and started to disinfect skin, suture materials, and wounds, leading to a reduction in
mortality after amputations. These actions later became supported by the discovery made by
Pasteur of bacteria and their impact of putrefaction (Lidwell 1987). During the 20th century
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the aseptic technique was developed and decreased the rate of infections, improving
possibilities in surgery. However, despite the progress of medical treatment, such as
introduction of chemotherapy and antibiotics, healthcare-associated infections still frequently
occur. Large European multicentre studies have shown an overall prevalence of healthcare
associated infections of 4-10% (Harbarth et al. 1999; Gravel et al. 2007).

The resident skin flora exists both on the skin surface and deep skin layers. Twenty percent of
the skin flora consists of resident bacteria and cannot be removed by washing or skin
disinfection (Selwyn et al. 1972). The transient skin flora can be found in the mouth and nose,
as well as in wounds, and is easily reduced by washing or skin disinfection (Tammelin et al.
2003; Nielsen et al. 1975). Chlorhexidine gluconate (CHG) used in antiseptic sponges is a
skin disinfection product, which reduces the risk of microbial contamination. CHG attaches to
the skin and has a prolonged effect, which can be an advantage during long-lasting surgery
(Edmiston et al. 2007; Newsom et al. 1988; Mangram et al. 1999; Ayliffe et al. 1988;
Lowbury et al. 1974). It has been demonstrated that the numbers of bacteria do not return
until five days after disinfection with CHG (Lilly et al. 1979). By then, the surgical incision is
normally healed (Newsom and Rowland 1988; Lindholm 2003). Further, it has been
demonstrated that CHG has a cumulative effect if used repeatedly, and Lilly et al. (1979)
showed a 99 % reduction of the skin flora after five hand disinfections with CHG. Then there
was a sharp rise in the numbers of bacteria, which was explained as bacteria present in deeper
skin-layers being brought to the surface by the massaging effects of handwashing (Lilly et al.
1979).

Several studies have pointed out the benefit of preoperative disinfection and Zandi (2000)
found no postoperative SSI in 800 patients who underwent two skin disinfections prior to
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liposuction surgery. However, diverse results are represented in the literature, and Segal
(2006) argued that although preoperative showers reduce infection-causing bacterial colonies
they cannot be directly associated with a reduction in SSI. Further, a Cochrane review aimed
at find evidence for preoperative showering with antiseptics preventing SSI concludes that
patients who performed a single preoperative shower had a higher rate of SSI than patients
who had more than one preoperative shower. However, no clear evidence of benefits of
preoperative showering or bathing with CHG over other wash products in order to reduce
surgical site infection was found (Webster and Osborne 2009). Another review article,
investigating the effect of disinfecting the specific site of surgery immediately before incision,
found insufficient evidence to support or refute the use of skin disinfection at operative sites
(Edwards et al. 2004). None of these studies aimed to investigate the most effective number of
preoperative showers to prevent SSI. Moreover, the contrary results found in the literature
justify a systematic review to guide practice in this area.

AIM
This study aimed to find evidence for how many times preoperative disinfection showers
should be performed in order to reduce bacterial colonies and minimise the risk of
postoperative surgical site infections.

METHOD
Study selection
In the process of specifying the assessment problem and determining inclusion criteria a
structure presented by Flemming (1998) (Table 1) was used and the question at issue was
“what is the most effective number of preoperative disinfection showers to reduce bacterial
colonies and prevent surgical site infections?” This review explored the outcomes of different
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numbers of preoperative showers and different antiseptic solutions in studies with randomized
or non-randomized experimental design. All categories of sample were included, from
patients to healthy individuals, as well as a variety of healthcare-settings. Studies were
included if the outcome was measured in relation to preventing surgical site infections or
reducing skin bacteria flora. The systematic procedure for literature search and evidence
interpretation described by the Swedish Council on Technology Assessment in Health Care
(SBU 1993) was used as guidance.

Literature search
The literature search was carried out during 2007/2008 using standard methods and covered
databases such as PubMed, CINAHL, and Cochrane Library. Initially, an unstructured
literature search was carried out in PubMed. This search provided not only a hint of the
amount of literature, but also guidance on the construction of inclusion- and exclusion criteria.
The inclusion criteria were: articles about preoperative disinfection of the skin, published
1986 or later, elective surgery, randomised controlled studies, and clinical trials. Exclusion
criteria were: articles about preoperative disinfection of hands or materials, published before
1986, languages other than English, and articles without an abstract.

The search strategy in each database included terms covering the supposed content and
different types of study designs of interest combined with AND or OR. Search terms were
“preoperative bathing”, “preoperative care” (MeSH), and “baths”. Every abstract was read
and selection based on the inclusion- and exclusion criteria was made. The first search was
conducted in PubMed with the search term “preoperative bathing” and resulted in forty-three
articles. However, after further limitations according to the inclusion- and exclusion criteria,
only 12 articles remained, nine of which were found to be relevant after reading the abstracts.

7

The second search in PubMed, using the MeSH term “preoperative care”, resulted in 3,154
articles. When combining “preoperative care” AND “baths”, seven articles remained, all of
which had already been found in the first search. The third search was conducted in CINAHL
with the same terms and resulted in three articles, none of them matching the inclusion- and
exclusion criteria. A fourth search was then performed, using the Cochrane database, that
resulted in ten articles; but only three of these matched the inclusion- and exclusion criteria,
and these had already been found in previous searches. Finally, a manual search was
conducted by studying references from a research summary made by the Swedish National
Board of Health and Welfare (Socialstyrelsen 2006), which resulted in one relevant study. In
total, ten articles were found suitable for further review.

Quality assessment
All articles were read and revised by the first (JM) and second (AP) authors. A protocol made
by Willman and Stoltz (2006) was used with the goal of critically reviewing the ten selected
articles. The protocol focused on description and validation of study-design, intervention, and
clinical value. The criteria for study quality and level of evidence were established according
to SBU (SBU.se) (table 2).

After reviewing the articles individually, the results were compared and a final level of
evidence of each study was established. Based on the level of evidence for each study, results
were gathered and the grades of scientific foundations were established following SBU
(SBU.se) (table 3).

RESULT
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The ten articles included (Table 4) regarding the most effective number of preoperative
showers were published between 1987 and 2008. After reviewing the studies, no conclusion
could be established, due to the different overall designs. Byrne et al. (1990) was a pilot study
with a small sample of healthy individuals. Eight studies used randomising procedures into
different numbers of groups (Byrne et al. 1991; Earnshaw et al. 1989; Edmiston et al. 2008;
Garibaldi 1988; Hayek et al. 1987; Kaiser et al. 1988; Rotter et al. 1988; Wihlborg 1987) and
finally one study had a prospective follow–up design (Paulson 1993). Four studies
investigated the differences between diverse numbers of preoperative showers (Byrne et al.
1990; Kaiser et al. 1988; Paulson 1993; Wihlborg 1987). Only one of these studies gained a
medium level of evidence (Wihlborg 1987). Therefore the four studies together offer
insufficient scientific foundation. Six studies described the superior effect of chlorhexidine on
bacteria in comparison to other antiseptic solutions (mainly Povidone-Iodine and soap) and
their focus was not on finding the most effective number of preoperative showers in order to
minimise the risk of SSI (Byrne et al. 1991; Earnshaw et al. 1989; Edmiston et al. 2008;
Garibaldi 1988; Hayek et al. 1987; Rotter et al. 1988).

One preoperative shower
Wihlborg (1987) included 1,530 surgical patients, randomised into three different groups. The
first group washed the entire body with two consecutive applications of chlorhexidine on the
day before surgery. The second group washed only the area of the body submitted to surgery,
using chlorhexidine. The third group did not wash at all. The study gained a medium level of
evidence and showed that one preoperative shower, with two consecutive applications of
chlorhexidine, resulted in fewer SSI compared to no preoperative shower (p>0,01). A
disinfection of only the incision area proved to be insufficient in order to escape
contamination of bacteria from the body. Using a preoperative shower resulted in significantly
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fewer SSI (p<0,05) compared to disinfection of only the area of incision. Garibaldi (1987)
randomized 700 patients into four different groups preoperatively showering with
chlorhexidine, povidone-iodine, soap, or not showering at all. Seven percent of the patients,
who had no shower preoperatively, showed a contaminated wound intraoperatively, in
comparison with 4 % of the patients who showered with chlorhexidine preoperatively. No
statistically valid comparisons in infection rates among the study groups were made because
of the small study population.

Two preoperative showers
Kaiser et al. (1988) demonstrated that two preoperative showers resulted in a significant
reduction of staphylococcal colonies (p<0.005) in comparison to one shower. However, this
study gained a limited level of evidence because of the small sample of 36 subjects divided
into six different groups. In another non-randomised study, involving 2,015 subjects, patients
showered twice preoperatively with chlorhexidine, soap, or with a placebo. The number of
infections among the patients showering with chlorhexidine was 9 % compared to 12.8 % in
the soap group and 11.7 % in the placebo group (p<0,05) (Hayek et al. 1987). The study of
Edmiston et al. (2008) compared skin surface concentrations of CHG achieved after
showering with 4% CHG soap or cleansing the skin surface with an innovative 2% CHGimpregnated polyester cloth. Mean CHG skin surface concentration were significantly higher
in the group with two 4% CHG showers (morning and evening) compared to levels observed
in the group with only one 4% HCG shower (evening). On the other hand there was no
statistical difference noted in CHG skin concentration in patients who showered once in the
morning and the group with two showers. These studies (Hayek et al. 1987; Edmiston et al.
2008) reached a high level of evidence.
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A randomized, double-blind multicenter study including 2,813 subjects investigated the use of
two preoperative showers with chlorhexidine or a placebo in order to prevent SSI (Rotter et
al. 1988). The study contained a well-described method and was valued as having high level
of evidence. However, the results showed no significant difference between the incidence of
postoperative SSI after preoperative showering, either in the chlorhexidine or placebo group
(p>0,1).

In a study with a moderate level of evidence Earnshaw et al. (1989) randomised two groups of
patients (n=64 and n=66 respectively) who underwent revascularisation. The first group used
chlorhexidine and the second group used soap when showering preoperatively. The results
could not prove the benefits from two preoperative showers either with chlorhexidine or soap.
On the contrary, this study showed that the frequency of infections was twice as high in the
chlorhexidine group as in the group using soap, though the difference was not significant.

Three preoperative showers or more
A significant reduction of the skin flora (p<0,01) after three preoperative chlorhexidine
showers was presented by Byrne et al. (1991) in a study with moderate level of evidence. The
study was randomised and blinded and after five days the patients were recolonied. Byrne et
al. (1990) also tried to confirm the optimal number of CHG showers in a prior pilot study. Ten
young and healthy study objects, aged 24-35, performed CHG showers, six times during six
days. The greatest reduction of skin flora was demonstrated after two showers, and then the
reduction was decreased after the third and fourth showers. On the other hand, the reduction
increased again after the fifth shower. A significant skin flora reduction of 77.49 % (p<0,005)
was seen after the second shower. Despite this, the authors finally did recommend three
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showers preoperatively because of the possibility that the patients do not perform a wash
thoroughly enough (Byrne et al. 1990).

Paulson (1993) let five healthy individuals, aged 18-70 years, shower preoperatively with
chlorhexidine during five days. Skin sampling, using agar plates, was conducted before the
first shower, within ten minutes, and three and six hours after showering on days one, two,
and five. The results showed a significant reduction of bacteria ten minutes after the first
shower (p<0,05), which remained after three and six hours. The study also showed a
cumulative effect in the reduced numbers of bacteria every day. This study gained only a
limited level of evidence due to the small sample size.

Discovery of notice
The study by Kaiser et al. (1988) demonstrated interesting results when different types of
antiseptics were compared, finding that soap increased the amount of bacteria cumulatively.
Kaiser explained this paradoxical effect of using soap as being caused by those areas with
fewer bacteria becoming contaminated by bacteria from other areas of the body containing
more bacteria, for example the groin. This conclusion is supported by two other studies
(Garibaldi 1987; Hayek et al. 1987).

DISCUSSION
This systematic review aimed to bring clarity on how many times preoperative disinfection
showers should be performed in order to prevent SSI. The studies included all had different
designs, however, making it difficult to compare them with each other. Moreover, the quality
of the ten reviewed studies varied and only four had a high level of evidence. Limitations such
as small samples and/or methodology shortcomings were reasons for being valued as having a
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limited level of evidence. In a majority of the reviewed studies, the number of disinfection
showers was treated as a secondary matter and reasons why the particular number of showers
was chosen were not further explained (Byrne et al. 1991; Edmiston et al. 2008; Earnshaw et
al. 1989; Garibaldi 1988; Hayek et al. 1987; Rotter et al. 1988; Wihlborg 1987). Only four
studies investigated the outcome of different numbers of preoperative showers (Byrne et al.
1990; Kaiser et al. 1988; Paulson 1993; Wihlborg, 1987) and only one of these was
considered to have a medium level of evidence. The other three studies had limited evidence
value which suggests that the scientific foundation is limited and the strengths of evidence
concerning grades of recommendations are weak. Therefore the results failed to give an
unambiguous answer about the optimal number of preoperative showers, and only
assumptions can be made. However, it is quite obvious that preoperative disinfection showers
with CHG constitute an effective skin disinfectant from a microbiological point of view since
eight of the reviewed studies showed a sharply reduced skin flora after use of CHG products
(Byrne et al. 1990; Edmiston et al. 2008; Kaiser et al. 1988; Wihlborg 1987; Paulsson 1993;
Garibaldi 1988; Hayek et al. 1987; Byrne et al. 1990). It is apparent that further research
focusing on the optimal number of preoperative skin disinfection procedures with multicenter
randomised controlled designs is needed.

A cumulative effect of repeated showers with chlorhexidine was found in four of the reviewed
studies (Byrne et al. 1990; Edmiston et al. 2008; Kaiser et al. 1988; Paulson 1993). However,
the skin disinfection procedures were not always explicitly described and it was difficult to
identify whether “a shower” meant a repeated or single shower. Only one of the reviewed
studies confirmed that failure to implement a standardised, validated strategy for preoperative
showering will likely result in potential gaps in effective CHG concentrations on the surface
of the skin (Edmiston et al. 2008). According to recommendations from The Swedish
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National Board of Health and Welfare (Socialstyrelsen 2006), three preoperative repeated
disinfection showers should be performed. This means to apply CHG soap to the whole body
including the hair, protecting eyes and mucosa, and that after rinsing the procedure should be
repeated. After each application, the 4% CHG should remain on the skin surface for up to six
minutes. If two showers in the reviewed studies meant the same as one repeated shower
described above one assumption could be that the Swedish recommendations actually are
comparable to six single showers and that patients today are invited to shower twice as many
times as necessary. This could neither be considered to be cost-effective nor friendly to the
skin. According to the Guideline for Prevention of Surgical Site Infection (Mangram et al.
1999) it is important that healthcare organizations implement policies to prevent transmission
of microorganisms from personnel to patients and the document is primarily intended for use
by surgeons and all other personnel directly responsible for the prevention of nosocomial
infections. Besides the importance of compliance regarding guidelines for basal hygiene
routines among healthcare professional’s clinical practical guidelines for preoperative skin
disinfection should also include instructions that are easy to understand and follow for the
patients. Further, in order to be able to compare results and draw valid conclusions future
research must also include well-described disinfection procedures.

Several conflicting results were shown in the reviewed studies. One of the studies advocates
two preoperative showers by using the study subject as their own controls (Byrne et al. 1990),
while two other studies were unable to prove benefits from showering twice when comparing
chlorhexidine with placebo (Rotter et al. 1988, Earnshaw et al. 1989). One reason why no
significant difference was obtained between the chlorhexidine and placebo group may depend
on the patient characteristics. For example, the sample in the study of Rotter et al. (1988)
consisted of patients who only underwent “clean surgery”, where the incidence of SSI is
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considered to be marginal. Thus, no significant difference could be expected. On the other
hand, the sample in Earnshaw et al. (1989) study consisted of vascular high-risk patients, e.g.
those suffering from distal derma necrosis and it is well known that the risk of SSI is
potentially higher in patients with contaminated wounds (Mangram et al 1999). It is also wellknown that that the incidence of postoperative wound infection depends on several risk
factors such as age, antibiotic prophylaxes, time of operation, malignancy etc (Wihlborg
1987) and that to completely eliminate SSI is a complex problem depending not solely on the
number of preoperative showers. The external validity could therefore be debated as it
somewhat doubtful whether results from the different studies can be generalised to all kind of
surgery patients.

One striking finding to consider was that one of the reviewed articles revealed that soap
sharply increased the amount of bacteria, with a cumulative effect (Kaiser et al. 1988). This
negative effect of soap was also supported by two other studies (Garibaldi 1987, Hayek et al.
1987). On the other hand, Earnshaw et al. (1989) demonstrated higher frequencies of
infections among patients washing with chlorhexidine in comparison with patients using soap.
The difference was however, not significant. Thus, a possible recommendation based on the
findings of the three above studies would be to avoid showers with soap before surgery.
Another recommendation according Edmiston et al. (2008) is that the use of 2% CHGimpregnated cloths should be preferable over using 4% CHG soap since the design of the
polyester cloth was likely more efficient, allowing greater penetration of the active agent into
the deeper recesses of the skin. However, the use of both soap and of 2% CHG cloths needs to
be further evaluated before any recommendation based on a scientific foundation can be
made.
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Limitations of the review
One limitation of this review was that only English language studies were included in the
search strategies, which may have led to the omission of some relevant published articles.
Another limitation was that merging the results was not possible due to the diverse designs
and interventions in the reviewed studies and therefore the authors could provide only a
narrative description of the ten reviewed studies. The difficulty in finding literature that
focuses on the number of preoperative disinfection showers was also reflected in the review
by Webster and Osborne (2009) which states that there were inconsistencies in both
interventions and control procedures between studies. But since the purpose of the Webster
and Osborne (2009) review was to examine the preoperative showers effect on SSI, the
number of showers was mentioned only briefly.
The intention of the present study was to find more recent studies than The Swedish National
Board of Health and Welfare (Socialstyrelsen 2006) are using as a basis for their
recommendations; therefore one of the inclusion criteria was articles printed in 1985 or later.
However, during the literature search it became obvious that research regarding preoperative
skin disinfection has mostly focused on effects from different disinfection products and not
the optimal use of these products. The reason that only a few recent studies were found may
be that this is considered as well-understood area not needing any further exploration since it
has been known since the late 19th century that disinfection is important in healthcare (Lidwell
1987).

CONCLUSION
Currently clear evidence for how many times preoperative disinfection showers should be
performed in order to minimise the risk of postoperative surgical site infections is missing.
This highlights the need for further research that focuses on the number of preoperative
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disinfection showers in relation to SSI in order to obtain optimal effect. Until then, however,
it would be wise to follow the recommendation of 3-5 preoperative showers made by The
Swedish National Board of Health and Welfare (Socialstyrelsen 2006). Moreover, in order to
have the intended effect of preoperative disinfection, it is very important that healthcare
professionals have this knowledge in order to guide patients with information and clear
instructions of the disinfection shower procedures.
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