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ORIGINAL ARTICLE

Chlorhexidine-based antiseptic solutions effectively reduce
catheter-related bacteremia

Ali Mirza Onder &Jayanthi Chandar &

Anthony Billings &Rosa Diaz&Denise Francoeur&
Carolyn Abitbol &Gaston Zilleruelo

Received: 2 December 2008 /Revised: 9 February 2009 /Accepted: 11 February 2009 /Published online: 19 March 2009
# IPNA 2009

Abstract The aim of this retrospective study was to
investigate if the application of chlorhexidine-based sol-
utions (ChloraPrep®) to the exit site and the hub of long-
term hemodialysis catheters could prevent catheter-related
bacteremia (CRB) and prolong catheter survival when
compared with povidone–iodine solutions. There were
20,784 catheter days observed. Povidone–iodine solutions
(Betadine®) were used in the first half of the study and
ChloraPrep® was used in the second half for all the
patients. Both groups received chlorhexidine-impregnated
dressings at the exit sites. The use of Chloraprep®
significantly decreased the incidence of CRB (1.0 vs 2.2/
1,000 catheter days, respectively,P=0.0415), and hospital-
ization due to CRB (1.8 days vs 4.1 days/1,000 catheter
days, respectively,P=0.0416). The incidence of exit site
infection was similar for the two groups. Both the period of
overall catheter survival (207.6 days vs 161.1 days,P=

0.0535) and that of infection-free catheter survival
(122.0 days vs 106.9 days,P=0.1100) tended to be longer
for the catheters cleansed with ChloraPrep®, with no
statistical significance. In conclusion, chlorhexidine-based
solutions are more effective for the prevention of CRB than
povidone–iodine solutions. This positive impact cannot
be explained by decreased number of exit site infections.
This study supports the notion that the catheter hub is the
entry site for CRB.

Keywords Catheter survival. Catheter-related bacteremia.

Chlorhexidine. Povidone–iodine. Children

Introduction

Catheter-related bacteremia (CRB) and catheter malfunc-
tion are the two common complications of tunneled-cuffed
hemodialysis catheters (TCCs) [1, 2]. CRB strongly
contributes to patient morbidity, death and loss of vascular
access [3]. In our previous report, we found that CRB was
the most important risk factor for shorter catheter survival
[4]. The reported incidence of CRB varies from 1.1–4.2/
1000 catheter days, with a mortality rate of 5% for the adult
hemodialysis population [5–7]. For the cuffed catheters, the
colonization of the intraluminal space through the catheter
hub or following a bacteremia episode is accepted as the
more likely pathogenesis of CRB (intraluminal hypothesis)
[8]. For the temporary catheters, the entry of the pathogen
to the catheter can be through the exit site and the tunnel
around the catheter (extraluminal hypothesis) [9–11].
Among the well-known preventive measures for CRB are
the use of strict hygiene measures during placement and
maintenance of the catheters, the application of preventive
antimicrobial ointments/solutions at the exit site, the
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eradication of aStaphylococcus aureusnasal/skin carrier
state, the cleansing of catheter hubs with antimicrobial
solutions, the use of antimicrobial-coated catheters, and the
intraluminal application of antibiotic lock solutions (ABLs)
[5, 11–16].

ChloraPrep® (Enturia, Inc., Leawood, KS, USA) is a
local cleansing agent with a mixture of chlorhexidine
gluconate 2% and isopropyl alcohol 70%. The use of
chlorhexidine-based solutions for the care of catheter exit
sites has successfully decreased the incidence of CRB for
the non-cuffed temporary catheters [17–21]. Although the
importance of meticulous catheter care is emphasized in
several guideline papers, there are still unsettled debates
about which antiseptic solution would be the best choice
[22–24]. Povidone–iodine solutions (Betadine®, Bruce
Medical Supply, Waltham, MA, USA), on the other hand,
have historically been used as the standard of exit site and
hub care for TCCs [25–27].

The aim of this study was to investigate if the application
of chlorhexidine-based solutions (ChloraPrep®) to the exit
site and the hub of tunneled-cuffed hemodialysis catheters
would have any beneficial impact on the prevention of
CRB and catheter survival times when compared with the
use of povidone–iodine solutions. Since both treatment
groups received chlorhexidine-impregnated dressings at the
exit sites, and prophylaxis with tobramycin–tissue plasmin-
ogen activator (TPA) antibiotic locks was used for the
population at high risk for CRB, the major differentiating
intervention between the two groups was the catheter hub
care. The tested hypothesis was that the catheter hubs are
the major entry site for CRB-causing microorganisms for
long-term catheters. With strict surveillance using a broad-
spectrum antiseptic at the hub, CRB may be prevented
more effectively. It was unclear whether this would
translate into longer catheter survival times, since none of
the previous studies had focused on catheter survival times.
The study was designed as a retrospective chart review.

Patients and methods

This study was approved by the University of Miami,
School of Medicine Institutional Review Board (IRB). A
retrospective review was performed on the charts of 59
children on long-term hemodialysis in the pediatric dialysis
unit at the University of Miami/Holtz Children’s Hospital,
USA, from September 2004 to June 2006. All consecutive
patients were included in the study. During this period, 51/
59 (86%) children were using tunneled–cuffed catheters as
vascular access, at least for some portion of the study.
Standard tunneled–cuffed, silicone, double-lumen, hemodi-
alysis catheters (Hemocath®; Medcomp, Harleysville, PA,
USA) were used for vascular access and were placed

percutaneously by the interventional radiologist or by the
pediatric surgeon in children weighing fewer than 15 kg.
Two pediatric surgeons and three interventional radiologists
were involved in the placement and exchange of the
catheters. The sizes and lengths of the catheters were based
on the patient’s size and ranged from 8 French, 18 cm, to
14 French , 40 cm. The right internal jugular vein was used
whenever possible.

Hemodialysis protocol and catheter care

Patients underwent dialysis three to four times per week,
with hollow-fiber dialyzers appropriate for body size, on
Cobe® (Gambro Inc., Lakewood, Colorado, USA) or
Baxter® (Deerfield, Illinois, USA) hemodialysis machines.
A standard bicarbonate bath was used as dialysate. Anti-
biotics, vitamin D analogs, erythropoietin, and iron supple-
ments were infused towards the end of dialysis as needed,
through the catheter. Hemodialysis catheters were handled
only during dialysis, with no intervention between treat-
ments. The exit site was cleaned with chlorhexidine-based
solution or povidone–iodine solution, and a chlorhexidine-
impregnated dressing was applied weekly. At the end of
each hemodialysis session, each port of the catheter was
filled with 5,000 units/ml of heparin solution, according to
the volume of the ports. Patients with high-risk for recurrent
CRB were treated with tobramycin–tissue plasminogen
activator (5 mg/dl tobramycin, 2 mg/2 ml TPA) antibiotic
lock solutions 1–3 times per week (definition F, see below).
Catheter malfunction was diagnosed when goal blood flow
rate could not be maintained or when urea reduction rate
(URR) was less than 65%. Catheter malfunction was
initially treated by the instillation of 2 mg/2 ml TPA into
each lumen for 1–2 h.

Definitions

(A) Catheter-related bacteremia (CRB) was defined as the
occurrence of a positive blood culture from the catheter
with or without a positive peripheral blood culture in a
child with systemic symptoms (fever, chills, vomiting,
hypotension) and no other source of infection identi-
fied. There were no surveillance blood cultures
obtained from the catheters during the study period.

(B) Exit site infection was defined as the presence of
purulent discharge, swelling, erythema and tenderness
at the exit site with or without a positive swab culture.

(C) Polymicrobial CRB was defined as the documented
growth of at least two or more microorganisms in the
first or sequential blood cultures during the index
CRB.

(D) Infection-free survival of a catheter was defined as the
period between the placement of the catheter and the
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first positive blood culture obtained from that catheter.
All blood cultures were obtained when CRB was
clinically suspected. Censored events were removal of
that catheter for malfunction, obstruction, transfer to
another facility, elective removal of the catheter
[arteriovenous (AV) fistula, AV graft, kidney trans-
plantation] or end of study with a functional non-
infected catheter.

(E) Overall survival of a catheter was defined as the
period between the insertion of the catheter and its
removal. Censored events were the same as the ones
for infection-free survival.

(F) High-risk for recurrent CRB was defined in children
who had a previous history of more than ten episodes
of CRB per 1,000 catheter days or life-threatening
CRB with septic shock. In order to fulfill the criterion
for high-risk, the new-onset hemodialysis children had
to have experienced either two episodes of CRB in
their first 200 catheter days or one episode of CRB
with septic shock. Long-term hemodialysis patients
were evaluated by their cumulative CRB history to
qualify for high risk.

The povidone–iodine (Betadine®) era

During this era, all the patients in the unit had their exit
sites cleansed with 10% povidone–iodine solution (Beta-
dine®) at each hemodialysis session. The chlorhexidine-
impregnated dressing (Biopatch®; Johnson&Johnson
Medical Inc., Arlington, Tx, USA) was applied to the exit
site once a week after cleansing with Betadine® and was
then covered with a transparent dressing by the sterile
technique. The exit site was not disturbed in-between
hemodialysis treatments. The catheter hubs were immersed
in 10% povidone–iodine soaked sterile gauze for 5 min prior
to connection to the hemodialysis lines. Before all inter-
ventions, and at the end of the treatment sessions, the hubs
were again cleansed with 10% povidone–iodine solution.

The chlorhexidine-based solution (Chloraprep®) era

In this era the exit sites were cleansed with chlorhexidine-
based solution (chlorhexidine gluconate 2% and isopropyl
alcohol 70%, ChloraPrep®). The chlorhexidine-impregnated
dressing (Biopatch®) was applied to the exit site once a week
after cleansing with chlorhexidine-based solution and was
then covered with transparent dressing by the sterile
technique. The exit site was not disturbed in-between
hemodialysis treatments. The catheter hubs were cleansed
with chlorhexidine-based solution for 1–3 min prior to
connection to the hemodialysis lines. Before all interven-
tions, and at the end of the treatment session, the hubs were
again cleansed with chlorhexidine-based solution.

The diagnosis and management of CRB

Blood was obtained for culture from both ports of the
catheter when children presented with fever, chills, hypo-
tension or emesis during treatment. Peripheral blood was
cultured whenever possible. All symptomatic children were
examined for a clear source of infection, and, if none was
found, they were presumed to have CRB. Urine for culture
and chest X-rays were obtained whenever indicated. The
initial empiric treatment was systemic levofloxacin and
vancomycin along with tobramycin–TPA locks or tobra-
mycin–heparin locks. The systemic antibiotics and the
locks were tailored according to the sensitivities of the
CRB. Symptomatic CRB after 48–72 h of protocol was
treated by wire-guided exchange of catheter. Non-
symptomatic CRB was treated for 2 weeks until two
consecutive blood cultures 1 week apart showed no growth.

Outcome parameters

The primary end point was the occurrence of CRB.
Secondary end points were infection-free catheter survival
and overall catheter survival.

Data were obtained on serum albumin, ferritin and
hemoglobin levels from the samples collected for monthly
laboratory tests without underlying CRB for all children
during the protocol period. Each patient’s age, gender,
etiology of end-stage renal disease, cumulative catheter
days when entering the protocol, previous CRB incidence
and oral treatment with methylprednisolone (Medrol®)
were also documented. Type of CRB/exit site infection
(Gram-positive, Gram-negative or polymicrobial) and spe-
cific microorganisms causing infections were recorded.

Statistical methods

Mean, standard deviation (SD) and percentage values were
used to summarize baseline characteristics and outcome
data. All results were expressed as mean±SD.P values
of less than 0.05 were considered significant. Chi-square
tests were used to compare proportions. Pairedt test and
Fischer exact test were used to compare outcomes in the
two groups. Survival analysis for the catheter outcomes
were performed with Kaplan–Meier curves. Graphpad®
software (San Diego, CA, USA) was used to generate the
survival curves. SAS 9.1 (SAS institute, Cary, NC, USA)
was used for statistical analysis.

Results

There were 59 children on hemodialysis in our center
during this study. Fifty-one (86%) of these children
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underwent hemodialysis using a long-term catheter for at
least for part of the study period. Eight patients were using
an arteriovenous graft/fistula as their vascular access
throughout the study. There were 24 male patients (41%)
and 35 female patients (59%). Their mean age was 13.4±
8.2 years (range 2–21 years). Their racial distribution was 31
African-American, 22 Hispanic and six Caucasian. The
primary etiology for end-stage renal disease was obstructive
nephropathy/renal dysplasia–hypoplasia/neurogenic bladder
in 21 patients, chronic glomerulonephritis in 14 patients,
lupus nephritis/vasculitis in 12 patients, human immunode-
ficiency virus (HIV) nephropathy in eight patients, and
unknown/other in four patients.

Table1 describes the patients’ comparative demographic
characteristics during the Betadine® era and the ChloraP-
rep® era. There was no statistically significant difference
when the two groups were compared for age, gender,
primary etiology, the use of immunosuppressive agents,
previous catheter days prior to the study or the previous
CRB rates. Serum hemoglobin levels were higher in the
ChloraPrep® group (10.6 g/dl vs 10.8 g/dl,P=0.0281). The
ChloraPrep® group also had significantly lower serum
ferritin levels than the Betadine® group (509.9 mg/dl vs
664.4 mg/dl, P=0.0034). Serum albumin concentrations
were not statistically different between the two groups.

There were 116 catheters used in the study period.
Ninety-six were in the right internal jugular, 18 in the left
internal jugular, and two were in the right subclavian.
Fourteen of the catheters were first time catheters for
patients with newly diagnosed end-stage renal disease (six
in the Betadine® era and eight in the Chloraprep® era).

This study involved a total of 20,784 catheter days.
There were 34 episodes of CRB in 51 children. The overall
incidence of CRB was 1.6/1,000 catheter days during this
period. Sixteen were Gram-positive, 12 were Gram-
negative and six were polymicrobial. Coagulase-negative
Staphylococcusspecies were the most common Gram-
positive isolates (38%). The most frequent Gram-negative
isolate wasKlebsiella pneumoniae(25%). There was no

difference in the prevalence of Gram-positive, Gram-
negative and polymicrobial CRB between the two groups.
There was a statistically significant difference in the
incidence of CRB between the Betadine® era and the
ChloraPrep® era (2.2 vs 1.0/1,000 catheter days,P=
0.0415). Table2 provides information on the distribution
of CRB types.

The most common reason for patients to lose their
catheters was CRB (47/116; 41%). Thirteen catheters were
replaced by wire-guided exchange in the first 48–72 h of
the CRB (8/64 for the Betadine® and 5/52 for the
Chloraprep® eras,P>0.05). The mean overall period of
catheter survival was longer for the Chloraprep® era,
without reaching statistical significance (207.6 days for
Chloraprep® vs 161.1 days for Betadine®;P=0.0535).
There was no difference in infection-free survival time
between the two groups. The comparative infection-free
and overall catheter survival times for the two eras are
demonstrated by Kaplan–Meier survival analysis curves in
Figs.1 and2, respectively. The two groups had very similar
incidences of exit-site infections (ESI), but CRB rate was
lower for the Chloraprep® group. The Chloraprep® group
had fewer hospitalization days due to CRB than did the
Betadine® group (1.8 days vs 4.1 days/1,000 catheter days;
P=0.0416). The incidence of catheter malfunction and
breakdown requiring catheter exchange were similar for the
two eras. Table3 compares the two eras for the primary and
secondary end-points of the study.

There were no allergic reactions/contact dermatitis with
either Betadine® or Chloraprep® application during this
study period.

Discussion

To our knowledge, this retrospective study was the first to
investigate the effect of catheter cleansing method on
overall and infection-free catheter survival times for
tunneled-cuffed hemodialysis catheters. Our study demon-

Characteristic Betadine® era (n= 39) ChloraPrep® era (n=35) P

Age (years) 13.9±4.7 12.8±4.3 NS 0.1789

Gender; male (%) 14 (36%) 19 (54%) NS 0.1152

Primary etiology (HIV%) 7 (18%) 5 (14%) NS 0.6746

Primary etiology (GN, vasculitis) 18 (46%) 15 (43%) NS 0.7794

Immunosuppressant use 10 (26%) 12 (34%) NS 0.4236

Previous catheter days 345.1±597.7 457.9±699.8 NS 0.4116

Previous CRB rate 5.0±2.2 4.6±2.9 NS 0.4843

Serum hemoglobin (g/dl) 10.6±1.7 10.83±1.6 0.0281

Serum albumin (g/dl) 3.4±0.7 3.4±0.5 NS 0.6746

Serum ferritin (mg/dl) 664.4±715.4 509.9±442.7 0.0034

Table 1 Comparative demo-
graphic characteristics in the
Betadine® era and the ChloraP-
rep® era. Twenty-two patients
overlapped in both treatment
groups (n number of patients,
GN glomerulonephritis,NSnot
significant)
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strated that the application of ChloraPrep® significantly
decreased the incidence of CRB in long-term catheter use.
There was no difference in the distribution of the types of
CRB. ChloraPrep® improved the overall survival period of
the catheters, not reaching statistical significance. If there
had been more catheters involved in this study and a longer
observation period, statistical differences might have been
observed for both overall and infection-free survival of the
catheters. These positive effects cannot be explained by the
use of ChloraPrep® at the exit site, since there was no
difference in the incidence of exit site infection between the
two groups.

The success of chlorhexidine-based solutions can be
explained by some of its characteristics. It is a purely
topical agent, with minimal to no absorption by the skin,
and without any reported systemic toxic effects. After its
initial application, the residual antimicrobial effect of
chlorhexidine is longer than that of povidone–iodine [28].
Moreover, chlorhexidine gluconate is a cationic biguanide
with a broad spectrum of antimicrobial activity. When it is
combined with an alcohol solution, it is shown to be active
against most of the pathogens that are known to be
responsible for ESI and CRB in long-term catheter usage
for hemodialysis patients [18–20, 29]. As a last point,
different body solutions can deactivate povidone–iodine
solutions, which has not been described in chlorhexidine

[30, 31]. There have been very few reports for the
resistance patterns for chlorhexidine gluconate [32].

The overall CRB rate in this study period was lower than
that reported in the literature. It was also the lowest CRB
rate reported from our institution. The beneficial effects of
the use of prophylactic antibiotic locks for patients at high-
risk for CRB, the treatment of all CRB episodes with
appropriate systemic antibiotics and antibiotic lock solu-
tions, the use of chlorhexidine-impregnated dressings at the
exit site and the appropriate length of catheter hub care at
every treatment all contributed to this decreased CRB rate.
This made the task of reaching statistical significance
between the two groups even harder. Therefore, if the use
of chlorhexidine can decrease the CRB rate for a population
with an already low CRB incidence, it potentially may have
more significant impact in hemodialysis units with higher
baseline CRB rates.

The overall and infection-free survival times of the
catheters during this study period seemed shorter than those
in our previous reports [2, 4]. The two major differences in
the current periods were the aggressive use of prophylactic
antibiotic locks and then the use of Chloraprep®. But
surprisingly, the significant improvement in CRB incidence
did not generate its expected impact on the catheter survival
times. When we re-analyzed our data, one important factor
was the increased number of catheters that were censored
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Fig. 1 Kaplan–Meier curves for infection-free survival times of the
catheters in the chlorhexidine-based (Chloraprep®) and povidone–
iodine based (Betadine®) cleansing eras. The infection-free survival
periods were not statistically different, even though the chlorhexidine
group’s survival time tended to be longer than that of the Betadine®
group (122.0±54.3 days vs 106.9±56.7 days,P=0.1100 by the log-
rank test)
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Fig. 2 Kaplan–Meier curves for the overall survival time of the
catheters in the chlorhexidine-based (Chloraprep®) and povidone–
iodine based (Betadine®) cleansing eras. The overall survival times of
the catheters used in the Chloraprep® group were longer than those
used in the Betadine® group, but it did not reach statistical
significance (207.6±136.0 days vs 161.1±107.2 days,P=0.0535 by
the log-rank test)

Type Betadine® era (n=24) ChloraPrep® era (n=10) P

Gram-positive CRB 12 (50%) 4 (40%) NS 0.6076

Gram-negative CRB 8 (33%) 4 (40%) NS 0.7210

Polymicrobial CRB 4 (17%) 2 (20%) NS 0.8230

Total CRB 24 (100%) 10 (100%) NA

Table 2 Incidence of different
CRB types between the Beta-
dine® era and the ChloraPrep®
era (n number of CRBs,NSnot
significant,NA not applicable)
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from the statistical analysis because their use had been
terminated while they were functioning. More patients
underwent kidney transplantation, more patients went
through AV fistula surgeries, unfortunately with primary
or secondary failures, and, lastly, many functioning cathe-
ters were censored because they had been functional at the
end of the study. During the period reported here, there
were also more children less than 10 years old. The
advantage of a study that involves a longer observation
period is that more catheters reach their natural endpoints,
be it because of CRB, thrombosis or malfunction. In fact,
when we analyzed all the catheter survival times within the
study period without any censorship, we observed longer
survival times in both groups and both eras. Furthermore,
the difference in overall survival time was statistically
significant, and the difference in infection-free survival was
with a smallerP value. Therefore, we speculate that, with
longer observation periods, not only would we observe
longer survival periods but also we might be able to
demonstrate the survival advantage of aggressive surveil-
lance against CRB.

There are no clear data on whether the antimicrobial effect
of chlorhexidine is more prominent in certain microorgan-
isms/CRB types than in others. In this study there was a
slight increase in the percentage of Gram-negative CRB
during the ChloraPrep® era. It did not reach statistical signif-
icance, but, in larger numbers and with longer observation
periods, this finding or similar other findings might reach
statistical significance. An alternative explanation could be a
more pronounced decrease in Gram-positive CRB. This was
previously demonstrated in adult intensive care patients with
uncuffed central venous catheters [20]. This selection
characteristic of any antimicrobial/disinfectant would be
an unwanted effect. This point is a very important one that
needs to be investigated in a prospective trial.

This study, surprisingly, demonstrated improved serum
hemoglobin levels and decreased serum ferritin levels
during the ChloraPrep® era. We do not have the values

for total iron infusion doses or the Epogen doses during the
two periods to check if there is another explanation for this
finding. However, that is unlikely, because, during the study
time, both the approach to anemia and the methods of
treating it were literally the same in the two eras. This
improvement could also be an indirect sign of better
controlled inflammation, which is now considered to be a
hidden component of end-stage renal disease/chronic renal
replacement therapy. The less frequent hospitalization during
this era gives further support to the idea that the micro-
inflammation might have been better controlled. One simple
explanation for this impact may be less incidence of CRB.

There are several short-comings to our study. The
retrospective nature and the overlapping patient populations
are the two main limitations. There might have been unique
and unaccounted for characteristics of either of the
treatment periods that might have affected the outcomes,
other than the cleansing methods used. Despite the fact that
there was no study protocol, the daily practice in the
hemodialysis unit was strictly followed by the nurses and
the clinicians for each of the eras. Limited surveillance data
from the monthly laboratory reports is another limitation of
our study. If it were possible to assess the level of micro-
inflammation by the conventional inflammatory markers,
the effect of cleansing technique to control the inflamma-
tion could be assessed more precisely.

In conclusion, chlorhexidine-based solutions are more
effective for the prevention of CRB than are povidone–
iodine solutions. This positive impact cannot be explained
by decreased number of exit site infections. The use of
chlorhexidine as the hub cleanser has the potential to offer
longer catheter survival times. Improved serum hemoglobin
concentrations and ferritin levels may suggest better
controlled inflammation. This study supports the hypothesis
that the catheter hub is the more likely entry site in CRB
during long-term catheter usage. Persistent and more
effective surveillance at the catheter hub may offer
decreased CRB rates and even longer catheter survival.

Table 3 Comparison of outcomes for the two different treatment groups. Twenty-two patients overlapped in both treatment groups (n number,
NSnot significant,ESI exit-site infections)

Parameter Betadine® era (n=39) ChloraPrep® era (n=35) P

Total number of catheter days 10,960 days 9,824 days NS 0.9866

Total number of CRB episodes 24 10 0.0041

CRB/1,000 catheter days 2.2 1.0 0.0415

Exit site infections 3 infections/2 patients infected 2 infections/2 patients infected NS 0.9129

ESI/1,000 catheter days 0.3 0.2 NS 0.7393

Hospitalization for CRB/1,000 catheter days 4.1 days/7 patients admitted 1.8 days/3 patients admitted 0.0416

Overall catheter survival time (days±SD) 161.1±107.2 207.6±136.0 NS 0.0535

Infection-free catheter survival time (days±SD) 106.9±56.7 122.0±54.3 NS 0.1100

Number of catheters lost to malfunction/breakage 21/64 (33%) 20/52 (38%) NS 0.5309
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ABSTRACT

For health care institutions, intraoperative prep agents are a critical link in combating
surgical site infections and the associated economic burden. The question remains,
is there an intraoperative prep agent that is truly superior to the others? We
conducted a literature review to examine available empirical evidence related to
intraoperative prep agents used in our health system for open abdominal, general
surgery procedures: povidone-iodine, chlorhexidine gluconate, parachoroxylenol,
and iodine povacrylex in 74% isopropyl alcohol. Intraoperative surgical skin prep
studies were limited in providing empirical evidence to support one superior prep
agent. Each prep agent has a speciÞc mechanism of action along with speciÞc
advantages and disadvantages. We concluded that no one perioperative skin prep
agent is superior in all clinical situations. Factors to consider when choosing an
appropriate intraoperative skin prep agent include contraindications, environmental
risks, the patientÕs allergies and skin condition, the surgical site, the manufacturer
recommendations for the prep agent, and surgeon preference.AORN J92 (December
2010) 662-671. © AORN, Inc, 2010. doi: 10.1016/j.aorn.2010.07.016

Key words: surgical site infection, infection prevention, intraoperative prep
agents, antiseptic skin prep, chlorhexidine gluconate, povidone-iodine, para-
choroxylenol, isopropyl alcohol.

Surgical-site infections (SSIs) are the most
common of all health care-associated
infections in the surgical population,

accounting formore than 6 million (38%) of all
health care adverse events and 14% to 16% of
all health care-associated infections.1-3 Accord-
ing to the American College of Surgeons, SSIs

annually result in 3.7 million additional hospital
days with $845 million spent nationally,4 which
equates to 7.0 to 8.2 extra hospital days per
case and a potential cost of more than $25,000
per event.4-6

Postoperative wound infections have Þscal
ramiÞcations for both the patient and the health
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http://www.aorn.org/CE. The contact hours for
this article expire December 31, 2013.
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care facility. An SSI can more than double the
patientÕs health care-related expenses as well as
adversely affect the patientÕs quality of life, func-
tional status, and satisfaction.7 An SSI can in-
crease the hospital costs for major surgery Þve-
fold; hospitals spend millions of dollars each year
related to treatment costs and increased length of
stay.7

As of October 2008, the revised Medicare re-
imbursement policy for health care facilities no
longer includes the costs associated with treat-
ment of speciÞc SSIs.1,8,9 This change in policy
has challenged health care administrators and pro-
viders to thoroughly examine current internal SSI
prevention measures.1,8

It is critical that health care providers acknowl-
edge the effects of SSIs on patient outcomes and
the associated economic burden. Intraoperative
prep agents are a vital link in combating SSIs, but
questions remain:

� Is there empirical research available that
clearly identiÞes a superior prep agent?

� What is the best intraoperative prep agent to
reduce the risk of SSI?

The purpose of this literature review was to ex-
amine the speciÞc empirical evidence related to
the intraoperative skin prep agents used for gen-
eral surgical procedures. The information from
this review expands the body of clinical nursing
knowledge and evidence-based practice, particu-
larly for perioperative nurses. Health care institu-
tions may use these Þndings as a foundation for
formulating recommendations focused on patient-
centered care topics, such as quality of care,
safe patient outcomes, length of stay, and
reimbursement.

BACKGROUND
The patientÕs own ßoras are the most common
source of an SSI.3,5,8,10,11Intact patient skin
inherently provides resistance to infection by
creating a protective barrier.8 A surgical inci-
sion intentionally compromises intact patient
skin, unavoidably allowing a portal of entry

for endogenous and exogenous contaminate
sources.3,8,10 Resident bacteria on the skin are
considered very difÞcult to remove, further
highlighting the signiÞcance of effective skin
asepsis.12 An increase in wound infection risk
occurs when the microbial counts on the sur-
face of the skin are more than 105 microorgan-
isms per gram of tissue.3,8 Therefore, strict ad-
herence to the basic principles of aseptic
technique is a crucial responsibility of perioper-
ative nurses that directly affects the potential
for a postoperative SSI.8 Intraoperative skin
preparation is critical in reducing microbial
counts and killing microorganisms.5,8,11,13

AORN publishes recommendations annually
for standards of practice for perioperative nurses.
According to AORN, the purpose of intraopera-
tive skin preparation is to provide antisepsis of
the surgical site.10 Skin preparation limits the risk
for SSI by

� removing bioburden (ie, soil and transient mi-
croorganisms) from the patientÕs skin,

� decreasing resident microorganism counts
quickly while not irritating tissue, and

� preventing regrowth and rebound of
microorganisms.10

Perioperative nurses play an integral role in de-
creasing the risk of SSI by using rigorous adher-
ence to aseptic technique and by using impecca-
ble skin preparation technique.10

METHODS
We searched the PubMed¨ and the Cumulative
Index of Nursing and Allied Health Literature
(CINAHL¨) Plus databases and limited our re-
sults to articles published in English. Key words
searched includedintraoperative, perioperative,
skin, prep, prepping, preparation, skin prepara-
tion, surgical, Techni-Care®, DuraPrep™, chlor-
hexidine,povidone-iodine,and surgical wound
infection/prevention and control.To yield a
greater number of articles related to intraopera-
tive prep agents, we expanded the inclusive
dates from Þve years to 15 years. In addition,
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we reviewed the reference lists of the selected
articles to identify primary literature of interest
dating back to 1978. The articles yielded infor-
mation on a variety of available intraoperative
surgical prep agents, each agent having a dif-
ferent mechanism of action and speciÞc advan-
tages and disadvantages.

ANALYSIS
At the time of this literature review, the prep
agents in our health system included povidone-
iodine, chlorhexidine gluconate (CHG), para-
choroxylenol (PCMX), and iodine povacrylex
(0.7% available iodine) in 74% isopropyl alcohol
(DuraPrep). Relevant articles from the literature
searches were distributed among the research
team members for review, analysis, and synthesis.
Each team member used a literature review grid
to facilitate consistency in data collection and
article review. Two examples of use of the review
grid are shown inTable 1. Research team mem-
bers met biweekly to discuss the articles and to
identify gaps in the literature related to SSIs and
skin prep agents.

RESULTS
The literature review resulted in 89 Òhits,Ó and we
chose and analyzed 29 of the articles based on
relevance to the topic. The excluded articles in-
volved animal studies and nonpertinent patient
populations. All the studies reviewed clearly dem-
onstrated a link between appropriate surgical skin
preparation and the incidence of SSI.8,10,13Only a
limited number of research reports focused on the
four skin prep agents used at our facility; there-
fore, we also included surgical hand scrub studies
in this literature review. Surgical hand scrubs
have the same goal of removing microorganisms
and inhibiting rebound and regrowth.12,14 We
found studies that compared two or three of the
prep agents but not a direct comparison of all
four intraoperative prep agents. The studies were
all published between 1978 and 2010.

Povidone-iodine (Betadine®)
Povidone-iodine, commonly referred to as scrub
and paint, was discovered in 1812 by a French
chemist and is documented to have been Þrst used
on wounds in 1839.15 Povidone-iodine was
quickly recognized for its antimicrobial activity15

and was introduced as an antiseptic agent in
1953.16 Although it is one of the longest estab-
lished and widely used antiseptic agents in the
surgical domain,16 povidone-iodine has the poten-
tial to cause local pain and skin irritation.17

Povidone-iodine has been studied both as a
surgical hand scrub and as a surgical skin prep.
The mechanism of action of povidone-iodine is
the release of free iodine that binds to bacte-
ria.3,8,10,16This agent has excellent activity
against gram-positive bacteria and good activity
against gram-negative bacteria.3,8,10Povidone-
iodineÕs free iodine attracts and binds with or-
ganic substances, thus modifying or decreasing its
antiseptic effectiveness in the presence of blood.16

Povidone-iodine is classiÞed as moderate in rela-
tion to the rapidity of action and provides mini-
mal persistent and residual activity.3,8,10

Povidone-iodine has been shown to decrease
the incidence of wound infection18 and is consid-
ered a highly effective skin preparation for sur-
gery.19 Povidone-iodine is a broad-spectrum
agent, which is a key component of an effective
skin preparation.3 Removing organic substances
such as blood, pus, or fat from the surgical site
yields optimal results with use of a povidone-
iodine agent.16

The disadvantages of povidone-iodine as an
intraoperative prep agent are difÞcult to determine
because of the longevity of this agent, which has
resulted in a lack of recent empirical studies.
Povidone-iodine is a US Food and Drug Adminis-
tration (FDA) approved, fast-acting, broad-
spectrum agent that has beneÞcial and desirable
characteristics as an intraoperative prep agent.
Without conclusive evidence to demonstrate
otherwise, povidone-iodine will remain a viable
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TABLE 1. Literature Review Grid

Article Participants Design Results
Strengths and
weaknesses

Evidence and/or
implications for

a practice
change?

Level of
evidence*

Chlorhexidine-alcohol
versus povidone-
iodine for surgical-
site antisepsis27

Adult surgical
patients 18 years
or older
undergoing
clean-
contaminated
surgery

� Randomly assigned
skin prep of
chlorhexidine-
alcohol or
povidone-iodine

� Setting: 6 hospital
sites

� Followed patients
for 30 days after
surgery for
development of
surgical site
infection (SSI)

� N � 849 with
� 409 in the chlorhexidine-

alcohol group
� 440 in the povidone-iodine

group
� SigniÞcantly fewer SSIs in the

chlorhexidine-alcohol group
(9.5% v 16.1%; P � .004)

� Chlorhexidine-alcohol group
had fewer superÞcial incisional
infections (4.2 v 8.6;P � .008),
chlorhexidine-alcohol group
had fewer deep incision
infections (1% v 3%;P � .05)

� Chlorhexidine-alcohol and
povidone-iodine group had
similar results related to organ/
space infections (4.4% v 4.5%)

� Strengths:
� Randomized study
� Adequate sample size
� Statistically signiÞcant

results
� Weaknesses:

� Limited to just comparing
chlorhexidine-alcohol to
povidone-iodine; a better
comparison would be
against iodine-base with
alcohol solution

� More than 50% of the
researchers received
monies or education
grants from the
manufacturer of the prep
agent used in the study

This article suggests
that chlorhexidine-
alcohol is a superior
product to
povidone-iodine for
wound class 2
procedures

A � Prospective,
randomized
clinical trial

(table continued)
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TABLE 1. (continued) Literature Review Grid

Article Participants Design Results
Strengths and
weaknesses

Evidence and/or
implications for

a practice
change?

Level of
evidence*

Effects of
preoperative skin
preparation on
postoperative wound
infections rates: a
prospective study of
3 skin preparation
protocols28

� Adult surgical
patients 18
years or older
undergoing
general
surgery

� Elective or
emergent
cases,
inpatients and
outpatients

� Placed in one of
the 3 prep agent
groups being
studied based on
the date of surgery:

� 01/01/06 to
06/30/06:
povidone-iodine

� 07/01/06 to
12/31/06: 2%
chlorhexidine
and 70%
isopropyl
alcohol

� 01/01/07 to
06/30/07:
iodine
povacrylex in
isopropyl
alcohol

� Setting: single large
academic medical
center

� Followed patients
for 30 days after
surgery for
development of SSI

� N � 3,209 with
� 987 in the povidone-iodine

group
� 994 in the chlorhexidine and

70% isopropyl alcohol group
� 1,228 in the povacrylex in

isopropyl alcohol group
� SSI lowest in the povacrylex in

isopropyl alcohol group (3.9%)
compared to povidone-iodine
group (6.4%); the highest rates
were observed in the 2%
chlorhexidine and 70%
isopropyl alcohol group (7.1%)
(P � .002)

� Greatest difference in SSI
observed in the incidence of
superÞcial SSIs

� SSIs related to surgical wound
classiÞcation similar results, with
SSI lowest in the povacrylex in
isopropyl alcohol group (5.9%)
compared to povidone-iodine
group (8.7%) and highest with
2% chlorhexidine and 70%
isopropyl alcohol group (10.7%)
(P � .021)

� No difference observed related
to the incidence of deep or
organ/space SSIs

� Strengths:
� Compared commonly

used prep agents for
surgical patients

� ScientiÞc rationale for
non-randomization (to
analyze the effects of a
widespread
implementation of a
protocol commonly seen
in hospital practice;
maximize consistency of
prep application; shorten
time frame to control for
other variables)

� Adequate sample size
� Statistically signiÞcant

results
� Weaknesses:

� Non-randomized study
design

� Sample size of the
isopropyl alcohol group
was larger based on the
opening of additional ORs

This article suggests
that both iodophor-
based prep agents
are superior
products when
compared to 2%
chlorhexidine and
70% isopropyl
alcohol and
concludes, based on
the results of this
study, that surgeons
and the institution
prefer iodine
povacrylex in
isopropyl alcohol for
intraoperative skin
preparation

A � Single center,
prospective,
phase 4,
unblinded
protocol
implementation
comparison study

* A � strong randomized clinical trial (RCT); B� strong case control, cohort studies, weak RCT; C� case control, cohort; D � expert opinion, case study.
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intraoperative prep agent and remains a common
agent used in intraoperative prep.

Chlorhexidine Gluconate
Chlorhexidine gluconate with and without alcohol
has been studied extensively as a surgical hand
scrub and surgical skin preparation. The mecha-
nism of action for this broad-spectrum agent is
disruption of the cell membranes by cytologic and
physiologic changes that lead to cell death, spe-
ciÞcally targeting vegetative gram-positive and
gram-negative bacteria. This agent has excellent
activity against gram-positive bacteria and good
activity against gram-negative bacteria.3,8,10,11

Chlorhexidine gluconate has been shown to re-
main effective in the presence of serum and pro-
tein-rich biomaterial, such as blood.5,11 Chlo-
rhexidine gluconate is classiÞed as moderate in
relation to the rapidity of action and has excellent
persistent and residual activity.3,8,10,11,20

Extensive studies have demonstrated that CHG
lowers bacteria counts compared with povidone-
iodine and parachoroxylenol as a surgical hand
scrub.12,14,21,22Because of CHGÕs persistent and
residual activity, it is considered a highly effec-
tive surgical hand scrub,11,14,21,22consistently
demonstrating log reductions below baseline crite-
ria as deÞned by the FDA.1,2,21Hibiclens¨, a
brand of CHG, was the Þrst surgical hand scrub
approved as safe and effective by the Topical An-
timicrobials Committee of the FDA and continues
to be commonly used throughout health care set-
tings. Results of numerous studies have supported
CHG as effective in decreasing bacteria on the
skin,1,5,23which correlates with decreased blood-
stream and central line infections. These Þndings
support the use of CHG as beneÞcial with re-
peated applications over an extended period of
time.1,21,23

Research results also support bathing or show-
ering twice before surgery with a 4% CHG agent
as an effective measure to decrease the potential
for postoperative infections.1,8,10,11Given the re-
ported Þndings of the effectiveness of the 2%

CHG cloth in decreasing bloodstream and central
line infections, two interesting questions arise:

� Is a 2% CHG cloth as effective as the estab-
lished 4% CHG bath/shower application to
decrease the potential for SSIs?

� If yes, would one application of the 2% CHG
cloth be adequate to achieve the same results
as the twice bathing or showering with the 4%
CHG agent?

These questions highlight an additional gap in
evidence and warrant further exploration.

The disadvantages of CHG are speciÞc contra-
indications for use. Chlorhexidine gluconate con-
tact may cause corneal damage, ototoxicity, and
neurotoxicity.10,11,15Furthermore, because of po-
tential toxicities, CHG is not recommended for
use on eyes, ears, brain and spinal tissues, mucus
membranes, or genitalia, or for individuals with a
known sensitivity.10,11,15Chlorhexidine gluconate
has been reported to be inactivated by saline solu-
tion24 and may have a drying effect on the skin.15

Parachoroxylenol
Parachoroxylenol, also known as PCMX, is con-
sidered to be a broad-spectrum agent with a
mechanism of action that disrupts cell membranes
by preventing the uptake of essential amino acids.
This agent demonstrates good activity against
vegetative gram-positive bacteria and fair activity
against gram-negative bacteria.3,8,10,15Results of
previous studies of parachoroxylenol have sug-
gested it is 99.9% effective against methicillin-
resistantStaphylococcus aureusand other com-
mon organisms.15 Parachoroxylenol is classiÞed
as moderate with regard to the rapidity of action
and persistent and residual activities.3,8,10Para-
choroxylenol immediately bonds with the dermis
and is not denatured by organic material, thus
parachoroxylenol has a tolerance for organic ma-
terial, such as blood, and remains active in sa-
line solution.15 Parachoroxylenol is considered
nontoxic, with no tissue contraindications.8,10,15

Although this review yielded limited evidence
to support parachoroxylenol as a Þrst choice
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antimicrobial agent, it has been introduced as a
safe intraoperative skin prep alternative for surgi-
cal sites that involve mucus membranes.

The disadvantages of parachoroxylenol are not
well documented in the literature. Among the
studies available that evaluated parachoroxylenol
as a surgical hand scrub, the agent has demon-
strated less effective results than other agents in-
cluded in this review.11,14,21,22As an intraopera-
tive skin prep agent, parachoroxylenol also
demonstrates less effective results than other skin
prep agents.20 Currently, there is not an abun-
dance of data regarding this prep agent and thus,
additional investigation is needed.3,8

Iodine-base With Alcohol (DuraPrep)
Alcohol alone is considered to have excellent
gram-positive and gram-negative activity with a
mechanism of action to denature proteins.3,8,10

Alcohol is considered immediately germicidal,
classiÞed excellent with regard to rapidity of ac-
tion but does not demonstrate persistent residual
activity.3,8,10However, the combination of alco-
hol and iodine (DuraPrep) has demonstrated
greater effectiveness than each of these agents
used independently in combating SSIs.20 This
increased effectiveness may be a result of the im-
mediate germicidal action of alcohol and the re-
sidual activity of iodine.

The majority of DuraPrep research focuses on
orthopedic procedures. The purpose of this litera-
ture review was to explore prep agents speciÞ-
cally used in open abdominal, general surgery
procedures, therefore we did not include research
articles that focused on DuraPrep in orthopedic
procedures. We found limited research that ad-
dressed the use of DuraPrep in open abdominal,
general surgery procedures, thus demonstrating a
gap in the knowledge and evidence speciÞc to
this prep agent and population.

A disadvantage of DuraPrep is the productÕs po-
tential for causing surgical Þres because it has an
alcohol base. The alcohol content in this skin prep
agent is an undesirable catalyst in the OR because

of its ßammability.1,3 Along with speciÞc SSIs, sur-
gical Þres are considered Ònever eventsÓ (ie, pre-
ventable events that may cause serious injury or
death) by the Centers for Medicare and Medicaid
Services and are considered 100% preventable.9,25

An overview of the advantages and disadvantages of
the prep agents included in this literature review is
provided inTable 2.

DISCUSSION
Several factors must be considered when choosing
an appropriate intraoperative skin preparation,
including a nursing assessment of contraindica-
tions. Advantages and disadvantages of the prep
agents must be weighed carefully to facilitate pos-
itive patient outcomes, speciÞcally, to decrease
the incidence of SSIs. Given the current status
of the economy, hospitals must consider the
cost:beneÞt ratio for each prep agent and ask the
question, ÒAre health care systems paying for a
product whose performance is evidence based?Ó

Environmental risks are another factor to con-
sider when choosing an appropriate intraoperative
skin preparation. Although rare, surgical Þres are
a signiÞcant risk in any OR. Ignition sources (eg,
electrosurgery, lasers) are used commonly in sur-
gery; therefore, the potential of a surgical Þre is
increased any time alcohol-based or ßammable
skin prep agents are used.25,26 According to a
2009 ECRI Institute guidance report, 70% of sur-
gical Þres are caused by an electrosurgery unit
and 10% are related to laser use, both of which
are common ignition sources in any OR setting.26

Furthermore, surgical Þres rank third on the ECRI
InstituteÕs technology hazard alerts.26

Health care providers are responsible for
choosing an appropriate intraoperative prep agent
for each patient. An ideal prep agent should

� decrease the microorganism count,
� be effective against a broad spectrum of

microorganisms,
� be fast acting, and
� have a persistent effect against rebound and

regrowth.8,10

December 2010 Vol 92 No 6 ZINN ET AL

668 AORN Journal



Before making a Þnal decision on a surgical skin
prep agent, health care providers should consider the
patientÕs allergies and skin condition, the surgical
site, the manufacturer recommendations for the prep
agent, and surgeon preference.8,10 Based on this
literature review for intraoperative skin preparations
speciÞc to general surgical procedures, and consider-
ing all the advantages and disadvantages, we con-
cluded that there is not one superior skin prep agent
for use in abdominal procedures.

LIMITATIONS
Intraoperative surgical skin prep studies were limited
in providing empirical evidence to support one
superior prep agent. Each prep agent has a speciÞc

mechanism of action along with speciÞc advantages
and disadvantages to consider when selecting a prep
agent to use for surgery. Many factors must be con-
sidered when choosing a prep agent, such as patient
allergy, surgical site, and surgeon preference. All
prep agents are FDA approved and meet require-
ments for efÞcacy. No prep agent is categorized as
superior. The Centers for Disease Control and Pre-
vention has not made formal recommendations for
the use of intraoperative prep agents, citing a lack of
well-controlled studies related to skin preparation
and SSIs on speciÞc surgical procedures. Rather, the
Centers for Disease Control and Prevention focuses
on the intent of the aseptic skin preparation, the

TABLE 2. Comparison of Prep Solutions

Advantages Disadvantages

Povidone-iodine
(Betadine¨)

� Excellent gram-positive activity
� Good gram-negative activity
� Broad spectrum
� Moderate rapidity of action
� Long established as an effective agent

� Minimal persistent and residual activity
� Decreased effectiveness in the presence of

blood and organic material
� Lack of recent empirical evidence

Chlorhexidine
gluconate
(Hibiclens¨)

� Excellent gram-positive activity
� Good gram-negative activity
� Broad spectrum
� Moderate rapidity of action
� Excellent persistent and residual activity

� Contraindicated for use on eyes, ears, brain
and spinal tissue, genitalia, mucus
membranes

� Inactivated in the presence of saline
solution

� Drying effect on the skin

Parachoroxylenol
(PCMX)

� Good gram-positive activity
� Good/fair gram-negative activity
� Broad spectrum
� Moderate rapidity of action
� Moderate persistent/residual activity
� Considered nontoxic with no tissue

contraindications
� Remains effective in the presence of blood and

organic material and in the presence of saline
solution

� Has demonstrated less effective results in
studies for hand scrubs

� Not well documented in the literature as an
intraoperative prep solution

Iodine-base with
alcohol
(DuraPrepª)

� Excellent gram-positive activity
� Excellent gram-negative activity
� Broad spectrum
� Moderate rapidity of action
� Long established as an effective agent
� Alcohol provides immediately germicidal

activity

� Highly ßammable
� Limited research related to application in

general surgery
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environment in the OR, staff attire, drapes, and the
technique used to prep the patient.1,3 In other words,
there is no published gold standard related to a su-
perior prep agent to decrease the incidence of SSIs.
In addition, a variety of products must be available
to meet the needs of the diverse patient populations
encountered in the perioperative setting.10

The team did not evaluate the literature exclu-
sively pertaining to 2% CHG with 70% isopropyl
alcohol (ChloraPrep¨) because this product was
not available in our hospital system at the time of
our literature review. A recent study27 claimed
superior results for patients who underwent intra-
operative surgical preparation with ChloraPrep
versus povidone-iodine. This study did not in-
clude all of the four prep agents used in our hos-
pital system, which was one reason we did not
use it in our literature review. In addition, more
than half of the researchers in this study disclosed
receiving monetary considerations from the manu-
facturer of ChloraPrep.27 In another recent
study,28 ChloraPrep was not found to be a supe-
rior prep agent compared with povidone-iodine
and iodine povacrylex in isopropyl alcohol
(DuraPrep). The Þndings indicated that compared
with ChloraPrep both iodophor-based compounds
performed better and resulted in lower SSI rates.28

IMPLICATIONS FOR NURSING
Nurses are participating in multidisciplinary col-
laboration in many hospitals to provide knowl-
edge and recommendations for evidenced-based
clinical practice issues. The Þndings of this litera-
ture review provide the foundation for future ret-
rospective and prospective studies to empirically
evaluate surgical skin agents. Information gained
from future research may be used to help formu-
late surgical prep solution recommendations for
perioperative nurses, surgeons, infection preven-
tion practitioners, other health care providers, pol-
icy makers, administrators, third-party payers, and
the general population interested in SSIs.

Editor’s note: Publication of this article does not
imply AORN endorsement of speci�c products.
PubMed is a registered trademark of the US
National Library of Medicine, Bethesda, MD.
CINAHL, Cumulative Index to Nursing and Allied
Health Literature, is a registered trademark of
EBSCO Industries, Birmingham, AL. Techni-Care
is registered trademark of Care-Tech® Laborato-
ries, St Louis, MO. DuraPrep is a trademark of
3M, St Paul, MN. Betadine is a registered trade-
mark of Purdue Products, Stamford, CT. Hibi-
clens is a registered trademark of Mölnlycke
Health Care, Norcross, GA. ChloraPrep is a reg-
istered trademark of CareFusion, San Diego, CA.
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CONTINUING EDUCATION PROGRAM

2.2
www.aorn.org/CEIntraoperative Skin Prep Agents:

Is There a Difference?

PURPOSE/GOAL

To educate perioperative nurses about the properties of different surgical skin prep
solutions used to help prevent surgical site infections.

OBJECTIVES

1. Discuss the purpose of intraoperative skin preparation.
2. Explain how four common surgical skin prep agents work.
3. Identify the advantages associated with four common surgical skin prep agents.
4. Identify the disadvantages associated with four common surgical skin prep

agents.
5. Discuss health care provider considerations for choosing a particular surgical

skin prep agent.

The Examination and Learner Evaluation are printed here for your conve-
nience. To receive continuing education credit, you must complete the Exami-
nation and Learner Evaluation online at http://www.aorn.org/CE.

QUESTIONS

1. The patientÕs ßoras are is the most common
source of a surgical site infection.
a. true b. false

2. The purpose of intraoperative skin preparation
is to
1. provide antisepsis of the surgical site.
2. remove bioburden from the patientÕs skin.
3. decrease resident microorganisms counts

quickly.
4. prevent regrowth and rebound of micro-

organisms.
a. 1 and 3 b. 2 and 4
c. 1, 2, and 4 d. 1, 2, 3, and 4

3. The mechanism of action of povidone-iodine is the
a. disruption of cell membranes by cytologic and

physiological changes.
b. release of free iodine that binds to bacteria.
c. denaturation of proteins.
d. disruption of cell membranes by preventing the

uptake of amino acids.

4. Povidone-iodine
1. attracts and binds to organic substances.
2. has excellent activity against gram-positive

bacteria.
3. is a broad-spectrum agent.
4. is inactivated by saline solution.

a. 1 and 4 b. 2 and 4
c. 1, 2, and 3 d. 1, 2, 3, and 4

EXAMINATION
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5. Chlorhexidine gluconate has been shown to re-
main effective in the presence of serum and
protein-rich biomaterial, such as blood.
a. true b. false

6. Disadvantages of chlorhexidine gluconate include
that it
1. is not effective against gram-positive bacteria.
2. is not recommended for use on brain and spi-

nal tissues.
3. may cause corneal damage.
4. may be inactivated by saline solution.

a. 1 and 2 b. 1 and 4
c. 2, 3, and 4 d. 1, 2, 3, and 4

7. Some studies have suggested that _________ is
99.9% effective against methicillin-resistant
Staphylococcus aureusand other common
organisms.
a. chlorhexidine gluconate
b. iodine-base with alcohol
c. parachoroxylenol
d. povidone-iodine

8. The combination of alcohol and iodine has dem-
onstrated greater effectiveness in combating sur-

gical site infections than each of the agents used
independently, which may be a result of the
1. immediate germicidal action of alcohol.
2. residual activity of iodine.
3. immediate bond of iodine with the dermis.
4. residual activity of alcohol.

a. 1 and 2 b. 3 and 4
c. 1, 2, and 3 d. 1, 2, 3, and 4

9. Before making a Þnal decision about which skin
prep agent to use, health care providers should
consider
1. the patientÕs allergies and skin condition.
2. the surgical site.
3. manufacturer recommendations of the prep

product.
4. surgeon preference.

a. 1 and 2 b. 3 and 4
c. 1, 2, and 3 d. 1, 2, 3, and 4

10. The Centers for Disease Control and Prevention
has not made formal recommendations for the use
of intraoperative prep agents.
a. true b. false

The behavioral objectives and examination for this program were prepared by Rebecca Holm, MSN, RN, CNOR, clinical editor,

with consultation from Susan Bakewell, MS, RN-BC, director, Center for Perioperative Education. Ms Holm and Ms Bakewell

have no declared afÞliations that could be perceived as potential conßicts of interest in publishing this article.
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CONTINUING EDUCATION PROGRAM

2.2
www.aorn.org/CE

Intraoperative Patient Skin Prep
Agents: Is There a Difference?

This evaluation is used to determine the extent to
which this continuing education program met your
learning needs. Rate the items as described below.

OBJECTIVES

To what extent were the following objectives of this
continuing education program achieved?

1. Discuss the purpose of intraoperative skin
preparation.Low 1. 2. 3. 4. 5. High

2. Explain how four common surgical skin prep
agents work. Low 1. 2. 3. 4. 5. High

3. Identify the advantages associated with four com-
mon surgical skin prep agents.
Low 1. 2. 3. 4. 5. High

4. Identify the disadvantages associated with four
common surgical skin prep agents.
Low 1. 2. 3. 4. 5. High

5. Discuss health care provider considerations for
choosing a particular surgical skin prep agent.
Low 1. 2. 3. 4. 5. High

CONTENT

6. To what extent did this article increase your
knowledge of the subject matter?
Low 1. 2. 3. 4. 5. High

7. To what extent were your individual objectives
met? Low 1. 2. 3. 4. 5. High

8. Will you be able to use the information from this
article in your work setting? 1. Yes 2. No

9. Will you change your practice as a result of read-
ing this article? (If yes, answer question #9A. If
no, answer question #9B.)

9A. How will you change your practice?(Select all
that apply)
1. I will provide education to my team regarding

why change is needed.
2. I will work with management to change/imple-

ment a policy and procedure.
3. I will plan an informational meeting with phy-

sicians to seek their input and acceptance of
the need for change.

4. I will implement change and evaluate the ef-
fect of the change at regular intervals until the
change is incorporated as best practice.

5. Other:

9B. If you will not change your practice as a result of
reading this article, why?(Select all that apply)
1. The content of the article is not relevant to my

practice.
2. I do not have enough time to teach others

about the purpose of the needed change.
3. I do not have management support to make a

change.
4. Other:

10. Our accrediting body requires that we verify the
time you needed to complete the 2.2 continuing
education contact hour (132-minute) program:

This program meets criteria for CNOR and CRNFA recertiÞcation, as well as other continuing education requirements.

AORN is accredited as a provider of continuing nursing education by the American Nurses Credentialing CenterÕs Commission on Accreditation.

AORN recognizes these activities as continuing education for registered nurses. This recognition does not imply that AORN or the American Nurses Credentialing Center
approves or endorses products mentioned in the activity.

AORN is provider-approved by the California Board of Registered Nursing, Provider Number CEP 13019. Check with your state board of nursing for acceptance of this
activity for relicensure.

Event: #10505; Session: #4052 Fee: Members $11, Nonmembers $22

The deadline for this program is December 31, 2013.

A score of 70% correct on the examination is required for credit. Participants receive feedback on incorrect answers. Each
applicant who successfully completes this program can immediately print a certiÞcate of completion.

LEARNER EVALUATION

674 AORN Journal � December 2010 Vol 92 No 6 © AORN, Inc, 2010



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

New Products
Anonymous
Critical Care Nurse; Aug 2006; 26, 4; ProQuest Career and Technical Education
pg. 56



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.



Improving Quality of Surgical Care and Outcomes:
Factors Impacting Surgical Site Infection after

Colorectal Resection
VIRGINIA OLIVA SHAFFER, M.D., CAITLIN D. BAPTISTE, B.S., YUAN LIU, P H.D., JAHNAVI K. SRINIVASAN, M.D.,

JOHN R. GALLOWAY, M.D., PATRICK S. SULLIVAN, M.D., CHARLES A. STALEY, M.D., JOHN F. SWEENEY, M.D.,
JOE SHARMA, M.D., THERESA W. GILLESPIE, P H.D., M.A

From Emory University School of Medicine, Atlanta, Georgia

Surgical site infections (SSIs) result in patient morbidity and increased costs. The purpose of this
study was to determine reasons underlying SSI to enable interventions addressing identified
factors. Combining data from the American College of Surgeons National Surgical Quality Im-
provement Project with medical record extraction, we evaluated 365 patients who underwent
colon resection from January 2009 to December 2012 at a single institution. Of the 365 patients, 84
(23%) developed SSI. On univariate analysis, significant risk factors included disseminated
cancer, ileostomy, patient temperature less than 36 °C for greater than 60 minutes, and higher
glucose level. The median number of cases per surgeon was 36, and a case volume below the
median was associated with a higher risk of SSI. On multivariate analysis, significant risks as-
sociated with SSI included disseminated cancer (odds ratio [OR], 4.31; P \ .001); surgery per-
formed by a surgeon with less than 36 cases (OR, 2.19; P 5 .008); higher glucose level (OR, 1.06;
P 5 .017); and transfusion of five units or more of blood (OR, 3.26; P 5 .029). In this study we found
both modifiable and unmodifiable factors associated with increased SSI. Identifying modifiable
risk factors enables targeting specific areas to improve the quality of care and patient outcomes.

S URGICAL SITE INFECTIONS(SSIs) lead to tremendous
morbidities in patients and increased costs for

hospitals. Infection rates after colorectal surgery have
been noted to be as high as 30 per cent.1 Several ini-
tiatives have aimed to reduce the risk of SSIs.2–4Factors
such as choice of perioperative antibiotics have been
shown to be important in reducing SSIs.5 Other factors
such as normothermia have been shown to have an in-
verse relationship to SSIs.6 In this single-institution
evaluation of SSI, 22 per cent of readmissions were the
result of SSIs. Based on data from the American Col-
lege of Surgeons National Surgical Quality Improve-
ment Program (NSQIP), which compares infection rates
at similar hospitals, this institution was a high outlier
in SSIs after colectomy when compared with peer in-
stitutions. The exact reasons for this higher rate are
unclear. The goal of this study was to investigate
the factors associated with developing a SSI. If these
factors are identified and modifiable, then they can be

potentially altered to decrease SSI rates after colon re-
section and improve patient outcomes.

The primary hypotheses were that certain factors
contributed to higher risk of developing a SSI: males;
body mass index (BMI), above normal; diabetes;
low albumin; higher Charlson comorbidity score7; low
hematocrit; having received a transfusion; or the
presence of a colostomy or ileostomy at the beginning
or end of the operation. We also hypothesized that
hypothermia (patients who had body temperatures less
than 36°C during the operation, continued at less than
36°C for longer than 60 minutes, or whose temperature
was less than 36°C at the end of the case) increased the
risk of developing a wound infection, and patients
whose abdomen was prepped with something other
than Chloraprep were at increased risk of developing
a wound infection; and if they did not receive appro-
priate antibiotics or appropriate redosing, they were
also at increased risk of developing a SSI. An addi-
tional hypothesis was that smokers, people with higher
than American Society of Anesthesiologists (ASA)
Class 3, and people on steroids have an increased risk
of a wound infection, and that diabetics and patients
with glucose values over 200 mg/dL are also at in-
creased risk of SSI.

Presented at the Annual Scientific Meeting and Postgraduate
Course Program, Southeastern Surgical Congress, Savannah, GA,
February 22–25, 2014.

Address correspondence and reprint requests to Virginia Oliva
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Methods

Patient Cohort

A retrospective cohort study of 365 patients who
underwent a partial or total colon resection without
proctectomy was conducted at a single institution us-
ing the American College of Surgeons NSQIP data
representing January 2009 to December 2012. These
data included 13 uniqueCurrent Procedural Termi-
nology (CPT)descriptions: eight open and five lapa-
roscopic procedure types. The primary outcome was
developing a SSI by NSQIP criteria. NSQIP criteria
are an infection that occurs within 30 days after the
operation of the skin and subcutaneous tissue and at
least one of the following: purulent drainage, organ-
isms isolated from an aseptically obtained culture of
fluid or tissue, and at least one the following: pain or
tenderness, localized swelling, redness, or heat or an
incision that was deliberately opened, unless the cul-
ture is negative, or diagnosed by the surgeon as having
a SSI.

Procedural Details

The variables obtained from the NSQIP database
included: SSI status (yes/no), age, gender, race, ASA
class, smoking status, diabetes, presence of dissemi-
nated cancer, transfusion of at least 5 units of packed
red blood cells within 72 hours perioperatively, steroid
use, BMI, CPT, hematocrit, albumin, creatinine, and
surgeon volume. Additional information for each pa-
tient was obtained through medical chart extraction.
These variables were: ileostomy or colostomy pres-
ence at the beginning and/or end of the case, appro-
priate redosing antibiotics intraoperatively, appropriate
use of preoperative antibiotics that include gastroin-
testinal micro-organism coverage, type of surgical
preparation used on the abdomen, intraoperative body
temperatures less than 36°C, length of time the pa-
tient was less than 36°C, temperature at the end of the
case, the lowest postanesthesia care unit temperature
recorded, Charlson comorbidity score, and glucose
measurements within 48 hours postoperatively. The
purpose of this data collection and analysis was to
determine risk factors for SSI at one institution and
target areas for improvement and risk prevention or
reduction.

Statistical Analysis

The summary statistics were calculated for contin-
uous variables and frequency table was used for cate-
gorical variables. The univariate association with
wound infection was carried out byx2 test for cate-
gorical covariates and analysis of variance for

continuous covariates. The unadjusted association with
wound infection was also tested by univariate logistic
regression to obtain an odds ratio. Logistic regression
model was used to build multivariable model by
backward elimination with stay criteria ofP < 0.2.
Receiver operating characteristic analysis was used to
identify the optimal cut point for some continuous
predictors to wound infection. The analysis was con-
ducted using SAS 9.3 (SAS Institute, Cary, NC) and R 1.1
(http://CRAN.R-project.org/package4 optimalcutpoints).
Tables and figures were made using Microsoft Excel
(Redmond, WA) and GraphPad Prism 4 (GraphPad
Software, Inc., La Jolla, CA). Significant level was set
at 0.05.

Results

Of 365 patients in the study population, 84 (23%)
developed a SSI. Tables 1 and 2 summarize patient
characteristics and demographics for the patients in the
study.

In the univariate logistic regression analysis, the
following variables were statistically significant with
P < 0.05 (Fig. 1): disseminated cancer, ileostomy
presence at the beginning of the case, surgeon volume,
patient body temperature below 36°C for greater than
60 minutes, length of time patient temperature below
36°C, and highest glucose within 48 hours. In this
study, a patient with disseminated cancer had a 3.99
increased odds of developing a SSI and the presence of
an ileostomy at the beginning of the case conferred
a 5.86 increased odds of developing a SSI. If the sur-
gery was performed by a surgeon with less than 36
colectomies, the odds of developing a SSI increased by
1.72. For every 10 minutes the patient’s temperature
was less than 36°C, the odds of developing a SSI in-
creased 1.03, but if the hypothermia lasted less than
60 minutes, the odds decreased by 44 per cent. When
the highest glucose was examined as a continuous
variable, for every 10-mg/dL increase in glucose, the
odds of developing a SSI increased by 1.06.

In the multivariate logistic regression model, the
following variables were statistically significant with
P < 0.05 (Fig. 2): disseminated cancer, surgeon vol-
ume, highest glucose within 48 hours, and whether the
patient had a transfusion of at least five units of packed
red cells. A patient with disseminated cancer had
a 4.31 increased odds of developing a SSI. A surgeon
with less than 36 cases increased the odds of the patient
developing a SSI by 2.19. When the highest glucose
within 48 hours was examined as a continuous vari-
able, for every 10-mg/dL increase in glucose, the pa-
tient had an additional 6 per cent increase chance of
developing a SSI.
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Discussion

In this study we looked at several factors and patient
characteristics obtained from the American College of
Surgeons NSQIP combined with medical chart ex-
traction to develop a predictive model for SSIs. Both
modifiable and unmodifiable factors were found to be
associated with SSI. When adjusted for the other
covariates, independent risk factors associated with
developing a SSI included disseminated cancer, a sur-
geon with less than the median number of cases (36
cases), transfusion requirement of five units or greater

packed red cells, and higher glucose levels within 48
hours of surgery.

Studies have indicated that the type of preoperative
antibiotics given is an important risk factor in SSI8;
however, this was not the case in our study population.
A possible explanation is that there were 29 different
antibiotic combinations used and thus diluted the
possible effects of antibiotic type. Updated recom-
mendations published in 2011 advice intraoperative
redosing based on renal function to control surgical
site infections.9 This variable was not statistically
significant in this study, likely because 98.6 per cent of

TABLE 2. Patient Characteristics

Mean Median Range

Age (years) 56.8 57 19–92
BMI (kg/m2) 27.5 26 13.7–53.3
Hematocrit (%) 35.2 35.8 15.2–48.9
Glucose within 48 hours (mg/dL) 166 153 75–463
Albumin (g/dL) 3.43 3.5 1.3–4.8
Creatinine (mg/dL) 1.01 0.89 0.4–8.67
Charlson comorbidity score 4.72 5 1 to 11
Surgeon volume (no. of cases) 45.1 36 1 to 95
Lowest body temperature (°C) 35.6 35.6 33.9–37.8
Temperature at end of case (°C) 36.6 36.6 35.0–39.7
Lowest PACU temperature (°C) 36.4 36.4 35.5–37.7

BMI, body mass index; PACU, postanesthesia care unit.

TABLE 1. Patient Characteristics

Variable n 4 365 Percent

Wound infection No 281 77
Yes 84 23

Gender Male 190 52.1
Race Asian 6 1.6

Black 89 24.4
Unknown 9 2.5
White 261 71.5

ASA class 1 2 0.5
2 126 34.6
3 200 54.9
4 33 9.1
5 3 0.8

Smoker Yes 58 15.9
Diabetes No 320 87.7

Noninsulin-dependent 25 6.8
Insulin-dependent 20 5.5

Disseminated cancer Yes 36 9.9
Transfusion (5 units) Yes 21 5.8
Steroid use Yes 43 11.8
Ileostomy_end Yes 41 11.2
Colostomy_end Yes 35 9.6
Ileostomy_beginning Yes 8 2.2
Colostomy_beginning Yes 5 1.4
Antibiotic redosing Yes 352 98.6
Appropriate antibiotic coverage Yes 329 90.1
Surgical preparation (Chloraprep) Yes 298 81.6
Surgeon volume (median 36) # 36 184 50.4
Temperature < 36°C for # 60 minutes Yes 198 56.6
Laparoscopy Yes 127 34.8
Highest glucose (48 hours) # 200 290 80.1

ASA, American Society of Anesthesiologists.
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patients were redosed with antibiotics in the operating
room. In some studies, normothermia has been found to
have an inverse relationship with SSI.6 Our data suggest
this is true in our patient population: for every 10 min-
utes longer a patient’s body temperature was less than
36°C, he or she had an additional two per cent increase
chance of developing an SSI. This was significant in our
univariate regression analysis but did not hold statistical
significance in our multivariate model. Confounding
variables are likely contributing to this effect.

Hyperglycemia is associated with SSIs in di-
abetics.10 This study found that, independent of di-
abetic status, for every 10-mg/dL increase, patients
have an additional six per cent increase chance of
developing an SSI. Perioperative blood transfusions
are associated with SSIs.11, 12 Our study results were
consistent with this association from previous reports,
and in our multivariate model, transfusion of five units
or greater of packed red blood cell was associated with

a 3.26 increased odds of developing an SSI. This may
be the result of the immunosuppressive effects of blood
transfusion or because it is a marker of disease severity.
A recent study found inflammatory bowel disease to be
associated with increased SSI;13 we found dissemi-
nated cancer to be highly associated with developing
an SSI (odds ratio, 4.3). Advanced tumor stage has
been found to be an independent risk factor for in-
fectious complications,14 although we did not specif-
ically look at tumor stage in our study.

There are conflicting data on the use of bowel
preparation and the use of oral antibiotics with bowel
preparation; however, recent studies have supported
the use of oral antibiotics when using a bowel prepa-
ration. Unfortunately, our medical records were lim-
ited in this retrospective study and we were unable to
accurately decipher which patients had been bowel
prepped or the type of bowel preparation used. Future
studies should encompass this variable.

FIG. 1. Univariate regression analysis. Uni-
variate regression analysis with odds ratio and 95
per cent confidence interval denoted by the lines.
The scale is logarithmic. OnlyP values < 0.05 are
shown. Dotted line shows X4 1.

FIG. 2. Multivariate regression model. Multi-
variate regression analysis with odds ratio and 95
per cent confidence interval denoted by the lines.
The scale is logarithmic. Dotted line shows X4 1.
All P values are shown and asterisk showsP <
0.05.
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Surgeon volume was found to be inversely related to
SSI rate in our study. The exact reasons for this are
unclear. Perhaps less experienced surgeons took longer
to perform the surgery or do not have a ‘‘standard’’ way
of doing the operation and thus introduce more vari-
ability. Future studies should further investigate the
reasons for the importance of surgeon volume as it
relates to SSI.

This study was limited by its retrospective, non-
randomized, and single-institution study design. In an
attempt to overcome some of the limitations of a da-
tabase study, a medical chart review was conducted as
an adjunct to the NSQIP database information. This
study was further limited by the information in the
medical record. Temperature and glucose measure-
ments were not done at standard intervals for all pa-
tients. This limited the type of analysis and conclusions
we could make. Additionally, there were 23 surgeons
and 29 different antibiotic combinations used during
the 3-year study period. This decreased the ability to
make reliable conclusions about the data. Because
preoperative antibiotic choice has been shown to be
an important factor in preventing SSI, standardizing
antibiotic choices at our institution will be an im-
portant step. Future endeavors include implementing
standardized protocols for clinical practice and stan-
dardized protocols for recordkeeping so better anal-
ysis can be done and ideally patients can be ran-
domized to a control and experimental group.

The aim of this study was to determine the risk
factors associated with SSI with the future goal of
addressing these factors to decrease the institutional
SSI rate after colon resection and improve patient
outcomes. We found both modifiable and unmodifi-
able factors associated with SSI. Disseminated cancer
was strongly associated with developing an SSI.
Modifiable factors included surgeon volume, peri-
operative transfusion, and glucose control. These
findings will guide our future steps in implementing
standardized protocols for transfusion indications,
temperature monitoring, and glucose monitoring and
control. These protocols will need to be developed by
a core group of experienced surgeons who perform the
majority of colon resections in this patient population.
Drawing from the evidence base that exists, along with
expert opinion and group consensus, we will establish
new guidelines to be followed to reduce SSI at this
institution and compare findings with other NSQIP
institutions.
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ABSTR ACT

BACKGROUND
Since the patient’s skin is a major source of pathogens that cause surgical-site infec-
tion, optimization of preoperative skin antisepsis may decrease postoperative infec-
tions. We hypothesized that preoperative skin cleansing with chlorhexidine–alcohol 
is more protective against infection than is povidone–iodine.

METHODS
We randomly assigned adults undergoing clean-contaminated surgery in six hospi-
tals to preoperative skin preparation with either chlorhexidine–alcohol scrub or 
povidone–iodine scrub and paint. The primary outcome was any surgical-site infec-
tion within 30 days after surgery. Secondary outcomes included individual types of 
surgical-site infections.

RESULTS
A total of 849 subjects (409 in the chlorhexidine–alcohol group and 440 in the 
povidone–iodine group) qualified for the intention-to-treat analysis. The overall 
rate of surgical-site infection was significantly lower in the chlorhexidine–alcohol 
group than in the povidone–iodine group (9.5% vs. 16.1%; P = 0.004; relative risk, 
0.59; 95% confidence interval, 0.41 to 0.85). Chlorhexidine–alcohol was signifi-
cantly more protective than povidone–iodine against both superficial incisional 
infections (4.2% vs. 8.6%, P = 0.008) and deep incisional infections (1% vs. 3%, 
P = 0.05) but not against organ-space infections (4.4% vs. 4.5%). Similar results were 
observed in the per-protocol analysis of the 813 patients who remained in the study 
during the 30-day follow-up period. Adverse events were similar in the two study 
groups.

CONCLUSIONS
Preoperative cleansing of the patient’s skin with chlorhexidine–alcohol is superior 
to cleansing with povidone–iodine for preventing surgical-site infection after clean-
contaminated surgery. (ClinicalTrials.gov number, NCT00290290.)
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Despite the implementation of pre -
operative preventive measures, which 
include skin cleansing with povidone– 

iodine, surgical-site infection occurs in 300,000 
to 500,000 patients who undergo surgery in the 
United States each year.1-6 Since the patient’s skin 
is a major source of pathogens, it is conceivable 
that improving skin antisepsis would decrease 
surgical-site infections.7 The Centers for Disease 
Control and Prevention (CDC) recommends that 
2% chlorhexidine-based preparations be used to 
cleanse the site of insertion of vascular catheters.8 
However, the CDC has not issued a recommenda-
tion as to which antiseptics should be used pre-
operatively to prevent postoperative surgical-site 
infection in the 27 million operations performed 
annually in the United States.9 Furthermore, no 
published randomized studies have examined the 
effect of one antiseptic preparation as compared 
with another on the incidence of surgical-site in-
fection. The main objective of this study was to 
compare the efficacy of chlorhexidine–alcohol with 
that of povidone–iodine for preventing surgical-
site infections.

METHODS

STUDY DESIGN
We conducted this prospective, randomized clin-
ical trial between April 2004 and May 2008 at six 
university–affiliated hospitals in the United States. 
The institutional review board at each hospital 
approved the study protocol, and written informed 
consent was obtained from all patients before en-
rollment. This investigator-initiated trial was con-
ceived by the first author, who also acted as the 
study sponsor, recruited the sites, gathered the 
data, wrote the first and final versions of the man-
uscript, and decided in consultation with the other 
authors to submit the paper for publication. All 
authors vouch for the completeness and accuracy 
of the data. One of the authors, who is a statisti-
cian, analyzed the data. The single author from 
Cardinal Health (manufacturer of the antiseptic 
agents studied) substantially contributed to the de-
sign and conception of the study and critically re-
vised the manuscript but played no role in data 
collection or analysis. All other authors had full 
access to the data and substantially contributed 

to the analysis and interpretation of the data and 
the writing of the manuscript.

PATIENTS
Patients 18 years of age or older who were under-
going clean-contaminated surgery (i.e., colorectal, 
small intestinal, gastroesophageal, biliary, thorac-
ic, gynecologic, or urologic operations performed 
under controlled conditions without substantial 
spillage or unusual contamination) were eligible 
for enrollment. Exclusion criteria were a history 
of allergy to chlorhexidine, alcohol, or iodophors; 
evidence of infection at or adjacent to the opera-
tive site; and the perceived inability to follow the 
patient’s course for 30 days after surgery.

INTERVENTIONS
Enrolled patients were randomly assigned in a 1:1 
ratio to have the skin at the surgical site either 
preoperatively scrubbed with an applicator that 
contained 2% chlorhexidine gluconate and 70% 
isopropyl alcohol (ChloraPrep, Cardinal Health) 
or preoperatively scrubbed and then painted with 
an aqueous solution of 10% povidone–iodine (Scrub 
Care Skin Prep Tray, Cardinal Health). More than 
one chlorhexidine–alcohol applicator was used if 
the coverage area exceeded 33 by 33 cm. To help 
match the two groups and address potential in-
terhospital differences, randomization was strat-
ified by hospital with the use of computer-gener-
ated randomization numbers without blocking.

EFFICACY OUTCOMES
The primary end point of the study was the occur-
rence of any surgical-site infection within 30 days 
after surgery. The operating surgeon became aware 
of which intervention had been assigned only after 
the patient was brought to the operating room. 
Both the patients and the site investigators who 
diagnosed surgical-site infection on the basis of 
criteria developed by the CDC9 remained unaware 
of the group assignments. Secondary end points 
included the occurrence of individual types of sur-
gical-site infections. These were classified as su-
perficial incisional infection (which involved only 
skin and subcutaneous tissue and excluded stitch-
related abscesses), deep incisional infection (which 
involved fascia and muscle), or organ-space infec-
tion (which involved any organ or space other than 
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the incised layer of body wall that was opened or 
manipulated during the operation).9

CLINICAL ASSESSMENT
Preoperative evaluation included a medical history 
taking, physical examination, and routine hema-
tologic and blood chemical laboratory tests. The 
surgical site and the patient’s vital signs were as-
sessed at least once a day during hospitalization, 
on discharge, at the time of follow-up evaluation, 
and whenever surgical-site infection occurred. Af-
ter discharge, the investigators called the patients 
once a week during the 30-day follow-up period 
and arranged for prompt clinical evaluation if in-
fection was suspected. Whenever surgical-site in-
fection was suspected or diagnosed, clinically 
relevant microbiologic samples were cultured. In-
vestigators who were unaware of the patients’ 
group assignments assessed the seriousness of 
all adverse events and determined whether they 
were related to the study.

STATISTICAL ANALYSIS
The average baseline rate of surgical-site infection 
at the six participating hospitals was 14% after 
clean-contaminated surgery with povidone–iodine 
skin preparation, and we estimated that substitut-
ing chlorhexidine–alcohol for povidone–iodine 
would reduce this rate to 7%. Therefore, we planned 
to enroll approximately 430 patients in each study 
group who could be evaluated in order for the 
study to have 90% power to detect a significant 
difference in the rates of surgical-site infection be-
tween the two groups, at a two-tailed significance 
level of 0.05 or less.

The criteria for including patients in the in-
tention-to-treat analysis included randomization 
and the possibility of applying each of the study 
antiseptic preparations (which required perfor-
mance of surgery). Inclusion in the per-protocol 
analysis required the application of the study 
preparation before clean-contaminated surgery 
and completion of the 30-day follow-up. An inde-
pendent data and safety monitoring board com-
posed of an infectious-disease physician, a sur-
geon, and a statistician met annually to review 
the conduct of the study. No formal criteria were 
set for stopping the study.

The significance of differences between the 
two study groups in terms of patient character-
istics was determined with the use of the Wilcoxon 

rank-sum test for continuous variables and Fisher’s 
exact test for categorical variables. For efficacy 
outcomes, we compared the proportions of pa-
tients in the two study groups who could be evalu-
ated and who had any type of surgical-site infec-
tion, using Fisher’s exact test and calculating the 
relative risk of infection and 95% confidence in-
tervals. The consistency of the effects of the study 
intervention on infections across different types 
of surgery was examined with the use of an inter-
action test. To determine whether the results were 
consistent across the six participating hospitals, 
a prespecified Breslow–Day test for homogeneity 
was performed. To compare the proportions of 
patients in the two study groups who were free of 
surgical-site infection as a function of the length 
of time since surgery, we performed log-rank tests 
on Kaplan–Meier estimates based on analyses in 
which data for patients who did not have infec-
tions were censored 30 days after surgery. Both 
the frequency of isolating certain organisms and 
categories of organisms and the incidence of ad-
verse and serious adverse events were compared 
between the study groups with the use of Fisher’s 
exact test. All reported P values are based on two-
tailed tests of significance and were not adjusted 
for multiple testing.

We conducted univariate and multivariate analy-
ses to assess whether risk factors contributed to 
the occurrence of surgical-site infection. The uni-
variate analysis for categorical factors was per-
formed with the use of Fisher’s exact test. For 
continuous factors, we used a single-variable lo-
gistic-regression model that involved generalized 
estimating equations (GEE) to account for hospi-
tal site as a random effect. A multivariate logis-
tic-regression analysis that also adjusted for the 
hospital site as a random effect (by means of GEE) 
was performed to assess factors deemed signifi-
cant (P�0.10) by univariate analysis or considered 
clinically important. The assessed risk factors were 
prespecified in the protocol, and the statistical 
methods were preplanned except for the inclusion 
of hospital site as a random effect. Since some 
types of surgery did not result in infection in ei-
ther study group, a dichotomous variable — “ab-
dominal” surgery (including colorectal, biliary, 
small intestinal, and gastroesophageal operations) 
versus “nonabdominal” surgery (including thorac-
ic, gynecologic, and urologic operations) — was 
created for the GEE logistic-regression model.
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RESULTS

PATIENTS
A total of 897 patients were randomly assigned to 
a study group: 431 to the chlorhexidine–alcohol 
group and 466 to the povidone–iodine group 
(Fig. 1). Of the 849 patients who qualified for the 
intention-to-treat analysis, 409 received chlorhex-
idine–alcohol and 440 received povidone–iodine. 
Thirty-six patients were excluded from the per-
protocol analysis: 25 underwent clean rather than 
clean-contaminated surgery, 4 dropped out of the 
study 1 or 2 days after surgery, and 7 died before 
completion of the 30-day follow-up (4 in the chlor-
hexidine–alcohol group and 3 in the povidone–
iodine group). Therefore, 813 patients (391 in the 
chlorhexidine–alcohol group and 422 in the po-
vi done–iodine group) were included in the per-pro-

tocol analyses. The patients in the two study 
groups were similar with respect to demographic 
characteristics, coexisting illnesses, risk factors 
for infection, antimicrobial exposure, and dura-
tion and types of surgery (Table 1, and Table 1 in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org). All patients 
received systemic prophylactic antibiotics within 
1 hour before the initial incision, and there were 
no significant differences in the type or number 
of antibiotics given to the two study groups, even 
when only patients who underwent colorectal 
surgery were considered (Table 2 in the Supple-
mentary Appendix).

RATES OF INFECTION
For the patients in the intention-to-treat popula-
tion, the overall rate of surgical-site infection was 

897 Underwent randomization

1003 Patients were screened

106 Were excluded from randomization

431 Were assigned to receive
chlorhexidine–alcohol

466 Were assigned to receive
povidone–iodine

26 Did not receive study drug
and surgery was not done

22 Did not receive study drug
and surgery was not done

409 Received chlorhexidine–
alcohol and were included

in intention-to-treat analysis

440 Received povidone–
iodine and were included

in intention-to-treat analysis

18 Were excluded from per-
protocol analysis

12 Had clean instead of clean-
contaminated surgery

2 Dropped out of study
4 Died during 30-day follow-up

391 Completed 30-day follow-up
and were included in
per-protocol analysis

18 Were excluded from per-
protocol analysis

13 Had clean instead of clean-
contaminated surgery

2 Dropped out of study
3 Died during 30-day follow-up

422 Completed 30-day follow-up
and were included in
per-protocol analysis

Figure�1.�Screening,�Randomization,�and�Follow-up�of�Study�Participants.
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significantly lower in the chlorhexidine–alcohol 
group (9.5%) than in the povidone–iodine group 
(16.1%, P = 0.004) (Table 2). The relative risk of 
any surgical-site infection among patients whose 
skin was preoperatively cleansed with chlorhexi-
dine–alcohol versus povidone–iodine was 0.59 
(95% confidence interval [CI], 0.41 to 0.85). Sim-
ilarly, chlorhexidine–alcohol was associated with 
significantly fewer superficial incisional infections 
(relative risk, 0.48; 95% CI, 0.28 to 0.84) and deep 
incisional infections (relative risk, 0.33; 95% CI, 
0.11 to 1.01). However, there were no significant 
differences between the two study groups in the 
incidence of organ-space infection (relative risk, 
0.97; 95% CI, 0.52 to 1.80) or sepsis from surgi-
cal-site infection (relative risk, 0.62; 95% CI, 0.30 
to 1.29).

The per-protocol analysis yielded similar effi-
cacy results. The Kaplan–Meier estimates of the 

risk of surgical-site infection (Fig. 2) showed a 
significantly longer time to infection after surgery 
in the chlorhexidine–alcohol group than in the 
povidone–iodine group (P = 0.004 by the log-
rank test).

The interaction between treatment group and 
type of surgery (abdominal vs. nonabdominal) was 
included in a logistic-regression model with the 
main effects of group and surgery type and was 
found not to be significant (P = 0.41). When con-
sidered separately in a subgroup analysis (Table 3), 
the rate of infection after abdominal surgery was 
12.5% in the chlorhexidine–alcohol group versus 
20.5% in the povidone–iodine group (95% CI for 
the absolute difference [chlorhexidine–alcohol mi-
nus povidone–iodine], �13.9 to �2.1 percentage 
points). For patients undergoing nonabdominal 
surgery, the rate of infection was 1.8% in the 
chlorhexidine–alcohol group versus 6.1% in the 

Table�1.�Baseline�Characteristics�of�the�Patients�(Intention-to-Treat�Population).*

Characteristic

Chlorhexidine–�
Alcohol

(N�=�409)
Povidone–Iodine

(N�=�440) P�Value

Male sex (%) 58.9 55.9 0.40

Age (yr) 53.3+14.6 52.9+14.2 0.87

Systemic antibiotics

Initiated preoperatively (%) 100 100 >0.99

Duration of preoperative administration (days)

Mean 1.1±1.2 1.1±0.8 >0.99

Range 1–20 1–11

Received postoperatively (%) 51.7 48.9 0.41

Duration of surgery (hr) 3.0±1.5 3.0±1.5 >0.99

Abdominal surgery (%) 72.6 70.0 0.41

Colorectal 45.5 43.4 0.58

Biliary 10.8 12.3 0.52

Small intestinal 10.0  7.7 0.28

Gastroesophageal 6.4 6.6 0.89

Nonabdominal surgery (%) 27.4 30.0 0.41

Thoracic 10.8 13.0 0.34

Gynecologic 10.3 9.1 0.56

Urologic 6.4 8.0 0.42

Preoperative shower (%) 26.7 27.0 0.94

With 4% chlorhexidine gluconate (%) 16.1 18.9 0.32

With 10% povidone–iodine (%) 7.3 5.2 0.26

With 0.6% triclocarban soap bar (%) 3.2 3.0 >0.99

* Plus–minus values are means ±SD.
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povidone–iodine group (95% CI for the absolute 
difference, �7.9 to 2.6 percentage points).

Both the intention-to-treat analysis (Table 3) 
and the per-protocol analysis showed lower rates 
of surgical-site infection in the chlorhexidine–
alcohol group than in the povidone–iodine group 
for each of the seven types of operations studied. 
Although the trial was not powered to compare 
the rates of infection for subcategories of patients, 
infection occurred significantly less often in the 
chlorhexidine–alcohol group than in the povi-
done–iodine group in the intention-to-treat analy-
sis for patients who underwent small intestinal 
surgery (P = 0.04) or abdominal surgery (P = 0.009) 
or who did not shower preoperatively (P = 0.02).

The Breslow–Day tests indicated homogeneity 
in showing no significant differences between 
hospitals with respect to the incidence of either 
any type of surgical-site infection (P = 0.35) or indi-
vidual types of infection (P�0.19). Even so, we ac-
counted for hospital site in all logistic-regression 
models by including this term as a random effect 
through the use of GEE.

ANALYSES OF RISK FACTORS
The multivariate logistic-regression analysis iden-
tified the following risk factors for surgical-site 
infection in the intention-to-treat population: use 
of povidone–iodine, abdominal surgery, alcohol 
abuse, liver cirrhosis, cancer, diabetes mellitus, 
malnutrition, gastrointestinal disease, longer dura-
tion of surgery, longer duration of placement of 
surgical drain, and preoperative shower with po vi-
done–iodine (Table 3 in the Supplementary Ap-

pendix). Since an analysis of risk factors other 
than the assigned intervention constitutes an ex-
ploratory analysis, which involves multiple simul-
taneous statistical tests, it could inflate the prob-
ability of a false positive finding (type II error).

MICROBIOLOGIC CAUSES OF INFECTION
Culture of the surgical site in 60 of 61 infected 
patients yielded growth of organisms (a total of 
107 isolates), and similar proportions of infected 
patients in the two study groups (23 of 39 [59%] 
in the chlorhexidine–alcohol group and 37 of 71 
[52%] in the povidone–iodine group) had an iden-
tifiable microbiologic cause of infection (Table 4 
in the Supplementary Appendix). Gram-positive 
aerobic bacteria (63 isolates) outnumbered gram-
negative aerobic bacteria (25 isolates) by a factor 
of 2.5, and 38% of cultures were polymicrobial. 
There were no significant differences in the fre-
quency of isolating certain categories of organisms 
or particular organisms in the chlorhexidine–alco-
hol group (total of 44 isolates) as compared with 
the povidone–iodine group (total of 63 isolates), 
with the exception of streptococci, which were less 
common in the former group (1 of 44 [2.3%] vs. 
10 of 63 [15.9%], P = 0.03).

ADVERSE EVENTS
In the intention-to-treat analysis, adverse events 
occurred in equal proportions among the patients 
in the chlorhexidine–alcohol group and the pov-
idone–iodine group (228 of 409 [55.7%] and 256 
of 440 [58.2%], respectively), as did serious adverse 
events (72 of 409 [17.6%] and 70 of 440 [15.9%], 

Table�2.�Proportion�of�Patients�with�Surgical-Site�Infection,�According�to�Type�of�Infection�(Intention-to-Treat�
Population).

Type�of�Infection

Chlorhexidine–�
Alcohol

(N�=�409)
Povidone–Iodine

(N�=�440)
Relative�Risk

(95%�CI)* P�Value†

no. (%)

Any surgical-site infection 39 (9.5) 71 (16.1) 0.59 (0.41–0.85) 0.004

Superficial incisional infection 17 (4.2) 38 (8.6) 0.48 (0.28–0.84) 0.008

Deep incisional infection 4 (1.0) 13 (3.0) 0.33 (0.11–1.01) 0.05

Organ-space infection 18 (4.4) 20 (4.5) 0.97 (0.52–1.80) >0.99

Sepsis from surgical-site infection 11 (2.7) 19 (4.3) 0.62 (0.30–1.29) 0.26

* Relative risks are for chlorhexidine–alcohol as compared with povidone–iodine. The 95% confidence intervals were cal-
culated with the use of asymptotic standard-error estimates.

† P values are based on Fisher’s exact test.
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respectively) (Table 4, and Table 5 in the Supple-
mentary Appendix). Findings were similar in the 
per-protocol analysis. Three patients (0.7%) in each 
study group had an adverse event (pruritus, ery-
thema, or both around the surgical wound) that 
was judged to be related to the study drugs; how-
ever, no serious adverse events were judged to be 
related to the study drugs. There were no cases of 
fire or chemical skin burn in the operating room. 
A total of seven patients died: four (1.0%) in the 
chlorhexidine–alcohol group who did not have sur-
gical-site infections and three (0.7%) in the povi-
done–iodine group who died from sepsis due to 
organ-space infection.

DISCUSSION

Randomized studies have compared the efficacy 
of different types10-13 or doses14,15 of systemic 
antibiotics for preventing surgical-site infection 
but not the effect of preoperative skin antisepsis. 
In this randomized study, the application of chlor-
hexidine–alcohol reduced the risk of surgical-site 
infection by 41% as compared with the most com-
mon practice in the United States of using aque-
ous povidone–iodine.7 This degree of protection 

is similar to the 49% reduction in the risk of vas-
cular catheter–related bloodstream infection in a 
meta-analysis that showed the superiority of skin 
disinfection with chlorhexidine-based solutions 
versus 10% povidone–iodine.16 Although the over-
all rates of surgical-site infection of 10 to 16% in 
this study are higher than those reported in some 
previous studies,17,18 they are similar to the pre-
study rates at the participating hospitals and those 
reported in other studies13 and are lower than the 
rates reported in trials that used the CDC defini-
tion of infection and had adequate follow-
up,11,12,19 as we did in this trial. On the basis of 
our findings, the estimated number of patients 
who would need to undergo skin preparation with 
chlorhexidine–alcohol instead of povidone–iodine 
in order to prevent one case of surgical-site infec-
tion is approximately 17.

Although both the antiseptic preparations we 
studied possess broad-spectrum antimicrobial ac-
tivity,9 the superior clinical protection provided 
by chlorhexidine–alcohol is probably related to its 
more rapid action, persistent activity despite ex-
posure to bodily fluids, and residual effect.20 The 
superior clinical efficacy of chlorhexidine–alcohol 
in our study correlates well with previous micro-
biologic studies showing that chlorhexidine-based 
antiseptic preparations are more effective than 
iodine-containing solutions in reducing the bac-
terial concentration in the operative field for vagi-
nal hysterectomy21 and foot-and-ankle surgery.22,23 
Although the use of f lammable alcohol-based 
products in the operating room poses the risk, 
though small, of fire or chemical skin burn, no 
such adverse events occurred in this study or the 
other studies.21-23

In this trial we universally enforced standard-
of-care preventive measures (e.g., administering 
systemic prophylactic antibiotics within 1 hour 
before the first incision was made and, if need-
ed, clipping hair immediately before surgery),9,24 
but hospitals were allowed to continue their pre-
existing practices, which offer potential but not 
established protective efficacy (e.g., preoperative 
showering).25 However, we controlled the effect of 
differences in hospital practices by using hospital-
stratified randomization, which ensured close 
matching of the two study groups as well as trial 
results that are applicable to a broadly represen-
tative population of hospitalized patients.

Because antiseptics act only against organisms 
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Figure�2.�Kaplan–Meier�Curves�for�Freedom�from�Surgical-Site�Infection��
(Intention-to-Treat�Population).

Patients who received chlorhexidine–alcohol were significantly more likely 
to remain free from surgical-site infection than were those who received 
povidone–iodine (P = 0.004 by the log-rank test). In the chlorhexidine–alco-
hol group, 39 patients had events (9.5%) and data from 370 patients 
(90.5%) were censored; in the povidone–iodine group, 71 patients had 
events (16.1%) and data from 369 patients (83.9%) were censored. 
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that reside on the patient’s integument, the over-
all superior protection afforded by chlorhexidine–
alcohol was attributed primarily to a reduction in 
the rates of superficial and deep incisional infec-
tions that were caused mostly by gram-positive 
skin flora. Since two thirds of surgical-site infec-
tions are confined to the incision,9,11 optimizing 
skin antisepsis before surgery could result in a 
significant clinical benefit. 
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Table�3.�Proportion�of�Patients�with�Surgical-Site�Infection,�According�to�Type�of�Surgery�(Intention-to-Treat�
Population).

Type�of�Surgery Chlorhexidine–Alcohol Povidone–Iodine

Total�No.�
of�Patients

Patients�with�
Infection

Total�No.�
of�Patients

Patients�with�
Infection

no. (%) no. (%)

Abdominal 297 37 (12.5) 308 63 (20.5)

Colorectal 186 28 (15.1) 191 42 (22.0)

Biliary 44 2 (4.6) 54 5 (9.3)

Small intestinal 41 4 (9.8) 34 10 (29.4)

Gastroesophageal 26 3 (11.5) 29 6 (20.7)

Nonabdominal 112 2 (1.8) 132 8 (6.1)

Thoracic 44 2 (4.5) 57 4 (7.0)

Gynecologic 42 0 40 1 (2.5)

Urologic 26 0 35 3 (8.6)

Table�4.�Clinical�Adverse�Events�(Intention-to-Treat�Population).

Clinical�Adverse�Event
Chlorhexidine–Alcohol

(N�=�409)
Povidone–Iodine

(N�=�440) Absolute�Difference* P�Value†

no. (%)
percentage points 

(95% CI)

Adverse events in �5% of pa-
tients in either group

228 (55.7) 256 (58.2) �2.4 (�9.1 to 4.2) 0.49

Drug-related adverse events‡ 3 (0.7) 3 (0.7) 0.1 (�1.1 to 1.2) >0.99

Serious adverse events in 
>1% of patients in either 
group

72 (17.6) 70 (15.9) 1.7 (�3.3 to 6.7) 0.52

Serious drug-related adverse 
events

0 0 — —

Death 4 (1.0) 3 (0.7) 0.3 (�0.9 to 1.5) 0.72

* The absolute difference is shown as the rate in the chlorhexidine–alcohol group minus the rate in the povidone–iodine 
group.

† P values were calculated with the use of Fisher’s exact test.
‡ Drug-related adverse events included pruritus, erythema, or both around the surgical wound and are reported even 

though the rate was not 5% or higher in either group.
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