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ABSTRACT

Surgical site infections are associated with significant patient morbidity
tality and are the third most frequently reported health care-associated in
suggested risk reduction strategy has been the preadmission shower or skin
with chlorhexidine gluconate (CHG). Although older clinical trials qu
clinical efficacy of cleansing with CHG, recent evidence-based scientific a
studies support two types of CHG application (ie, a 2% CHG-coated cl
CHG soap) using a standardized, timed process before hospital admiss
effective strategy for reducing the risk of postoperative surgical site
AORN J 92 (November 2010) 509-518. © AORN, Inc, 2010. doi:
j.aorn.2010.01.020
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States each year, extending hospital s
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gical site infections are the third mos
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have been seen as essential for reduc
of SSI. Unfortunately, myriad patient
ties and other intrinsic and extrinsic p
factors complicate institutional effort
patient outcomes through focused int
practices (Table 1).

An intervention that is regaining m
among clinical practitioners involves
antiseptic showering or cleansing pro
the patient’s admission for elective su
fore the era of ambulatory, or outpati
patients were admitted to the hospita
cases days before surgery and prescri
hnique septic shower the night before the surgery. This
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common practice was viewed as bene
reducing the concentration of transien
resident bacteria on the skin, thereby
risk of wound contamination. The pr
shower was considered an adjunctive
tion strategy and was not a replacem
traditional perioperative skin prep tha
component of every surgical procedu
once viewed as a standard of practice
has been relegated by some to a ques
clinical ritual in an era of evidence-b
cine.2 This article addresses the role
dine gluconate (CHG) as an effective
topical agent for skin antisepsis, evid
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cleansing processes, and use of speci
tional CHG showering or cleansing s

TABLE 1. Selected Patient and P
Characteristics Associated With
Risk of Surgical Site Infections1

Patient (intrinsic) Procedura

� Age
� Diabetes (metabolic

disease)
� Perioperative

hyperglycemia
� Tobacco use
� Concurrent infection

(distant)
� Obesity
� Malnutrition
� Immunocompromise
� Low preoperative serum

albumin level
� Corticosteroid use
� Prolonged hospitalization

before surgery
� Prior radiation to surgical

field tissue
� Staphylococcus aureus

colonization

� Lack of a p
shower

� Site shavin
before sur

� Extended
� Flawed sk
� Flawed su

prophylaxi
� Effects of

environme
hypotherm

� Break in a
technique

� Hypotherm
� Perioperat

transfusion
� Surgical te

� Hemos
� Tissue

1. Mangram AJ, Horan TC, Pearson ML, Silver LC, J
Guidelines for the prevention of surgical site infection
Infection Control Practices Advisory Committee. Am
1999;27(2):97-132.
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WHY CHG?
The ritual of perioperative skin prepp
traced back to 1867, when Joseph Li
carbolic acid aerosol to disinfect the
surgical incision and documented a s
reduction in postoperative morbidity
ity.3 The goal of skin antisepsis in th
patient is to reduce the microbial bur
surface of the skin to a subpathogeni
fore surgical incision, thereby reducin
wound contamination. An effective p
skin antiseptic, as defined in the US
Drug Administration document “Tent
Monograph for Healthcare Antiseptic
is an agent that rapidly (ie, within 10
application) reduces the number of tr
resident microorganisms in the surgic
fore wound incision and suppresses r
growth for six hours after application

Chlorhexidine gluconate has been
a topical antiseptic for more than 50
has an excellent record for both patie
clinical efficacy involving a wide num
cal applications, including skin prepp
tion of vascular access devices,5 hand
oral hygiene,7 vaginal lavage,8-10 and
sion and perioperative skin antisepsis
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of antibacterial activity that is effecti
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forming bacteria. The antiviral activi
encompasses selective enveloped viru
ing HIV.11 Its spectrum of activity ag
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dine, CHG is not inactivated by bloo
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Method of Action
The bactericidal effect of CHG is a r
binding of the CHG cationic molecul
tively charged bacterial cell walls and
bial complexes. At low concentration
causes an alteration of bacterial cell o
librium, resulting in leakage of potas
phosphorus, and inhibits growth (ie,
static). At high concentrations, CHG
rapid bactericidal effect by causing th
mic contents of the bacterial cell to p
resulting in cell death.13

Effectiveness
Although the widespread use of CHG
clinical and commercial applications
growing concern about the emergenc
bial resistance, a study involving mo
gram-positive and gram-negative clin
including strains of methicillin-resista
coccus aureus (MRSA) and vancomy
enterococci, showed a low incidence
among clinically significant strains, w
lates expressing high-level resistance
Researchers in Taiwan analyzed 240
lates recovered during a 15-year peri
2005) and found that the minimal inh
centration (MIC) required to inhibit o
of MRSA isolates (MIC90) ranged fro
to 4 mcg/mL in 1990, 0.5 mcg/mL to

TABLE 2. In Vitro Susceptibility o
Surgical Site Infections to Chlorh

Organism

Methicillin-sensitive Staphylococcus aureus
Methicillin-resistant Staphylococcus aureus
Methicillin-sensitive Staphylococcus epiderm
Methicillin-resistant Staphylococcus epiderm

MIC90 � minimal inhibitory concentration required to
a. In vitro susceptibility testing performed by broth m

1. Clinical Laboratory Standards Institute. Methods f
Eighth Edition & Performance Standards for Antimicr
Institute; 2009.
in 1995, 1 mcg/mL to 8 mcg/mL in 2000,
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1 mcg/mL to 16 mcg/mL in 2005.15

conducted in the Department of Surg
Medical College of Wisconsin in Mil
staphylococcal isolates (ie, methicilli
and -resistant strains of S aureus and
dis) obtained from incisional and dev
SSIs from 2000 to 2009 were found
MIC90 values ranging from 2.5 mcg/
mcg/mL (Table 2). Three of 70 strain
MIC values equal to 10 mcg/mL. Th
ues are well below CHG skin surface
tions after application of either a 2%
mulation of CHG.16 Current findings
microbial resistance to CHG appears
tively low, especially among clinicall
gram-positive and gram-negative isol
ated with postoperative SSI; however
resistance requires periodic surveillan

PATIENT SAFETY AND
THERAPEUTIC EFFICACY
Patient safety is of paramount import
therefore any risk of adverse events a
with a skin antiseptic agent should fa
range of rare to infrequent. The incid
hypersensitivity associated with use o
been reported in several studies to be
Results of a clinical trial investigatin
surface concentrations of CHG after
using either 4% CHG soap or 2% CH

phylococcus Isolates From Postoperative
ne Gluconatea

Number of clinical isolates MIC90 (rang

15 5.0 (0.3
20 2.5 (0.3
20 5.0 (0.6
15 5.0 (0.3

r kill 90% of staphylococcal clinical isolates.
tion.1
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occurred in 4.2% and 3.3% of study
respectively.12

A labeling contraindication that of
confusion associated with the periope
CHG involves application around mu
faces, meninges (ie, neural tissues), m
and areas adjacent to the eyes. Select
models have documented meningeal
application of CHG directly onto neu
In situations in which neural tissue e
possible, CHG, when allowed to dry
has been shown to be a safe and effic
disinfectant (eg, for epidural blocks).
mouthwash oral hygiene formulation
been shown to be safe to oral mucos
and efficacious for reducing the risk
associated pneumonia.7 Vaginal appl
CHG in concentrations ranging from
1% has been shown to be safe with m
verse events.8,9 Results of a randomi
comparing 10% povidone iodine with
for vaginal hysterectomy found CHG
safe as povidone iodine for vaginal ti
These combined clinical studies have
umented that CHG is safe when used
near mucosal surfaces. Furthermore,
lowed to dry after application, there
why CHG cannot be used for epidura
cranial or spinal neurosurgical proced
cially given the excellent antimicrobi
CHG and the intrinsic risk of gram-p
tamination associated with these proc
lected patient case reports, however,
mented CHG to be risky to use near
to be ototoxic (ie, toxic to the nerves
therefore, direct use of CHG solution
bital sites, eyelids, and the inner ear
be avoided.6,21,22

AN EVIDENCE-BASED APPROA
PREOPERATIVE CLEANSING
A recent publication in the Cochrane
tion database reviewed seven clinical

volving 10,157 patients, in which patients
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no preoperative cleansing at all.2 The
the researchers chose for evaluation i
were published during a 26-year peri
1983 to 2009. The conclusion of thei
suggested that preoperative bathing o
with CHG does not result in a signifi
tion in infection involving clean surg
dures (ie, class I). It should be noted
discussion of their analysis, the autho
“One of the limitations of the review
quality of some of the studies.”2(p21)

review of the studies selected for ana
report reveals several problematic iss
study design, implementation, and an

� In the seven studies cited, there wa
mentation of a uniform standard of
some patients showered multiple tim
patients showered only once with a
soap).

� There is no evidence that an attemp
to standardize a timed duration of t
shower or cleansing process.

� The surgical population was highly
neous and included patients underg
clean, clean-contaminated, and cont
surgical procedures.

� There was no indication whether an
made to assess patient compliance
protocols.

� The authors of the review point out
nity (ie, postdischarge) follow-up d
in three of seven of the studies revi
which, from a surveillance perspect
difficult if not impossible to accura
benefit of any SSI interventional pr
numerator or denominator compone
or inaccurate.

� Finally, skin antisepsis (ie, preadmi
perioperative skin prepping) is an a
component of an overall thoughtful
bathed tional process; the Cochrane analysis provides
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no data as to what other interventio
may or may not have been in place
the surgical procedures were perfor

Five23-27 of the seven studies cited i
Cochrane analysis were conducted befo
thus did not include advances in patien
nology (ie, surgical technique, wound m
and standardization of surgical and nur
(ie, evidence based) that have occurred
vening 20 years. Other more recent evi
gests that cleansing of the skin surface
fective antiseptic agent will result in a
reduction in HAIs.

The value of CHG as an effective p
skin antiseptic agent has been well doc
both the medical and surgical literature
surgical practitioner demonstrated that
CHG to the skin surface resulted in a g
bial log reduction compared with povid
Furthermore, the antimicrobial activity
measured by skin surface microbial log
persisted several hours after application
with povidone iodine.16 Three recent s
culture studies of obstetric/gynecologic
ankle, and shoulder surgical procedures
mented the benefit of a CHG formulati
without alcohol to reduce skin surface
colonization at the surgical site before
compared with iodine containing comp
agents.10,28,29

More than 20 years ago, Kaiser et
Garibaldi et al31 demonstrated in two
randomized, prospective clinical trial
patients that bathing with 4% CHG w
effective at reducing staphylococcal s
tion than using povidone iodine or an
soap. It is interesting to note that alth
study was sufficiently powered to eva
reduction, both studies documented t
application of 4% CHG was superior
shower (P � .05) in reducing staphy
(ie, wound) contamination. In a recen
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ters in men after radical prostatectom
ative five-day cleansing regimen (ie,
cleansing of perineal and abdominal
4% CHG immediately before placem
artificial urinary sphincter resulted in
reduction in perineal bacterial coloniz
time of surgery compared with clean
nonantiseptic soap and water.32 The a
gested that “reduction in perioperativ
nization by use of a chlorhexidine sc
sult in a lower rate of artificial urinar
colonization at implantation and subs
infection.”32(p1328)

Unfortunately, surrogate culture st
directly address the infection prevent
duction benefit of CHG showering or
before surgery. Several prospective, e
based studies conducted in a high-ris
population, however, documented the
prevention benefits of bathing or clea
patient’s skin with a 2% formulation
a polyester cloth to reduce the risk o
related HAIs in the medical intensive
or long-term care patient population.5

evidence-based benefit observed in ea
well-designed clinical studies was ass
with establishing a uniform standard
which was then applied to all patient
catheter-associated infections.

In a recent surgical study involvin
patients undergoing total joint replace
searchers gave patients 2% CHG-imp
polyester cloths with written instructi
ing the process the patient should use
the surgical site the night before surg
patient’s admission to the hospital, h
staff members helped the patient clea
ative and adjacent site a second time
she went to the OR.36 The researcher
total of 1,464 patients undergoing tot
cedures in their analysis: 727 in a thr
preintervention period and 737 in the
postintervention implementation perio
hinc- cantly, in the preintervention period, the standard

AORN Journal 513



tient
g the
audit
entio
te of
e pos
ducti
ntrol
stifyin
show
ing e

ION

ed as
ng th
nt m

s.10-13

olunt

ed practice
CHG or
HG on a
ations of
ceed the
for inhibit-

urgical site
tructed
al published
ncentrations
anatomic
sae, right
n the origi-
cted pilot
once in the
fit of specific
ompared
who re-
g instruc-
nd group B

L)
hicillin-

Pe

� .001
� .0001
� .0001

.
antecubital

ns were given to

concentration
mcg/mL); data

nd analysis of

: can high

November 2010 Vol 92 No 5 EDMISTON ET AL
of practice involved providing the pa
povidone iodine solution for cleansin
surface the night before surgery. An
SSI rate for the three-month preinterv
riod revealed a total joint infection ra
whereas the SSI rate was 1.59% in th
vention period, representing a 50% re
compared with the preintervention co
val.36 This is an important finding ju
part, the rationale for a preadmission
cleansing strategy in patients undergo
surgical procedures.

EVIDENCE-BASED PREADMISS
CLEANSING STRATEGIES
Chlorhexidine gluconate is document
superior to povidone iodine in reduci
crobial skin burden of transient/reside
flora and improving clinical outcome
A 2008 study conducted in healthy v

TABLE 3. Mean Chlorhexidine Gl
Compared With MIC90 (5 mcg/mL
Resistant Staphylococcus aureus

Pilotb

(4% CHG soap) (4

Group 1f 3.7 � 2.5
Group 2g 7.8 � 5.6
Group 3h 9.9 � 7.1

CHG � chlorhexidine gluconate; MIC90 � minimal in
a. Mean CHG concentrations (�standard deviation)

fossa), right and left legs (ie, popliteal fossa), and a
b. In the pilot study, 4% CHG group (n � 30) random

volunteers.
c. N � 60 participants randomized to groups 1-3, 2
d. [CCHG/MIC90] � ratio of skin surface mean CHG c

[ie, MIC90] required to inhibit or kill 90% of staphy
obtained from Table 2.

e. P value � comparison of CHG skin surface conce
variance).

f. Showering/cleansing with CHG once (ie, evening
g. Showering/cleansing with CHG once (ie, morning
h. Showering/cleansing with CHG twice (ie, evening

Adapted with permission from Edmiston CE Jr, Krep
topical antiseptic levels be achieved on the skin surfa
the Medical College of Wisconsin demons
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cleansing the skin surface with 2% C
polyester cloth, skin surface concentr
CHG can be achieved that greatly ex
CHG concentration (MIC90) required
ing or killing staphylococci skin or s
isolates, including MRSA.16 We cons
Table 3 in this article from the origin
study data by combining the mean co
of skin surface CHG at five different
sites (ie, right and left antecubital fos
and left popliteal fossae, abdomen). I
nal analysis, data from groups of sele
participants (N � 10) who showered
morning with 4% CHG without bene
instructions (ie, pilot group 2) were c
with data from groups of participants
ceived specific standardized showerin
tions (group A used 4% CHG soap a

ate (CHG) Skin Surface Concentrations (mcg/m
Staphylococcal Surgical Isolates Including Met
90)

CHG subgroupsa

Ac Bc

G soap) (2% CHG wipes) [CCHG/MIC90]d

� 5.9 436.1 � 91.2 0.7 v 4.9 v 87.2
� 26.5 991.3 � 58.2 1.5 v 15.8 v 198.3
� 19.5 1745.7 � 204.3 1.9 v 25.3 v 349.1

concentration required to inhibit or kill 90% of staphylococcal clinical isolates
mL, derived from 5 separate anatomic sites including right and left arms (ie,
n.
groups 1-3, 10 participants per group; no showering or cleansing instructio

pants per group.
ations [ie, CCHG] in the pilot study; subgroups A and B compared with CHG
skin or surgical isolates, including methicillin-resistant S aureus (MIC90 � 5

between pilot study groups and subgroups A and B (ie, two sample t test a
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ry).
urgery, morning of surgery).
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the mean skin concentrations of CHG
ipants in pilot group 1 who showered
evening and participants in pilot grou
showered in the evening and morning
with 4% CHG. Although the data fro
were obtained from healthy volunteer
surface concentrations should be view
sentative of concentrations found in p
dergoing elective surgery when follow
same systematic standardized shower

The researchers observed a signific
ence (P � .001) in mean skin surfac
tions of CHG in the 4% or 2% CHG
compared with individuals in the pilo
separate analysis of the ratio of mean
concentrations of CHG compared wit
staphylococcal skin and surgical site
vealed that a single shower with 4%
out specific instructions (ie, pilot gro
evening resulted in a ratio of 0.7 [CC

and represents subtherapeutic skin lev
Chlorhexidine gluconate skin surface
group 3 pilot participants who showe
morning, evening) revealed a mean s
concentration of CHG that was 1.9 ti
MIC90 (5 mcg/mL) for staphylococca
clinical isolates. Conversely, individu
showered twice (ie, morning, evening
standardized process with either 4%
2% (polyester cloth) CHG demonstra
CCHG/MIC90 skin surface ratio rangin
tively from 25.3 to almost 350 times
tration required to inhibit or kill stap
skin and clinical isolates, including M

This study documented that a thou
dardized preadmission showering stra
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The Centers for Disease Control a
tion and AORN have endorsed the pr
preadmission showering or skin clean
both organizations recommending CH
antiseptic agent of choice.37,38 Furthe
AORN and perioperative investigator
ommended a minimum of two CHG
before hospital admission.38,39 From
based clinical literature, it would app
4% CHG soap formulation and the 2
coated polyester cloths are equally ef
infection prevention if health care pro
patients a standardized set of instruct
application of the antiseptic agents.

Figure 1 lists a generalized set of
structions, describing the process of C
istration using 4% soap or a 2% coat
cloth before hospital admission. Writ
tions describing the application proce
the 4% or 2% formulation should be
patients undergoing an elective surgic
dure. Although CHG has a safety pro
to that of povidone iodine, health car
should instruct patients to immediate
of the antiseptic agent and liberally r
with water if they experience a burni
or irritation after application.

CONCLUSION
In 2010, the current scientific and ev
(Level 1) clinical literature supports u
CHG-coated cloth or 4% CHG soap
dardized, timed process before hospit
as an effective infection prevention s
reducing the risk of postoperative SS
the recent documentation of the failu
Surgical Care Improvement Project to
risk of SSIs, it is evident that other a
risk reduction strategies are warrante
care providers are to significantly dec
morbidity and mortality related to po
ns of SSIs in the elective surgical patient population.40,41
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