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Abstract The aim of this retrospective study was to
investigate if the application of chlorhexidine-based solutions (ChloraPrep®) to the exit site and the hub of longterm 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 hospitalization 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=
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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 malfunction 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 a Staphylococcus aureus nasal/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 plasminogen 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 broadspectrum 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, hemodialysis catheters (Hemocath®; Medcomp, Harleysville, PA,
USA) were used for vascular access and were placed
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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. Antibiotics, vitamin D analogs, erythropoietin, and iron supplements were infused towards the end of dialysis as needed,
through the catheter. Hemodialysis catheters were handled
only during dialysis, with no intervention between treatments. The exit site was cleaned with chlorhexidine-based
solution or povidone–iodine solution, and a chlorhexidineimpregnated 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 identified. 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 transplantation] or end of study with a functional noninfected 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 (Betadine®) at each hemodialysis session. The chlorhexidineimpregnated 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 interventions, 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 chlorhexidinebased 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 interventions, and at the end of the treatment session, the hubs were
again cleansed with chlorhexidine-based solution.
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The diagnosis and management of CRB
Blood was obtained for culture from both ports of the
catheter when children presented with fever, chills, hypotension 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 tobramycin–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. Nonsymptomatic 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 specific 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. Paired t 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 immunodeficiency virus (HIV) nephropathy in eight patients, and
unknown/other in four patients.
Table 1 describes the patients’ comparative demographic
characteristics during the Betadine® era and the ChloraPrep® 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 Gramnegative and six were polymicrobial. Coagulase-negative
Staphylococcus species were the most common Grampositive isolates (38%). The most frequent Gram-negative
isolate was Klebsiella pneumoniae (25%). There was no
Table 1 Comparative demographic characteristics in the
Betadine® era and the ChloraPrep® era. Twenty-two patients
overlapped in both treatment
groups (n number of patients,
GN glomerulonephritis, NS not
significant)

difference in the prevalence of Gram-positive, Gramnegative 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). Table 2 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 and 2, 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. Table 3 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)
Gender; male (%)
Primary etiology (HIV%)
Primary etiology (GN, vasculitis)
Immunosuppressant use
Previous catheter days
Previous CRB rate
Serum hemoglobin (g/dl)
Serum albumin (g/dl)
Serum ferritin (mg/dl)

13.9±4.7
14 (36%)
7 (18%)
18 (46%)
10 (26%)
345.1±597.7
5.0±2.2
10.6±1.7
3.4±0.7
664.4±715.4

12.8±4.3
19 (54%)
5 (14%)
15 (43%)
12 (34%)
457.9±699.8
4.6±2.9
10.83±1.6
3.4±0.5
509.9±442.7

NS 0.1789
NS 0.1152
NS 0.6746
NS 0.7794
NS 0.4236
NS 0.4116
NS 0.4843
0.0281
NS 0.6746
0.0034

Pediatr Nephrol (2009) 24:1741–1747
Table 2 Incidence of different
CRB types between the Betadine® era and the ChloraPrep®
era (n number of CRBs, NS not
significant, NA not applicable)

1745

Type

Betadine® era (n=24)

ChloraPrep® era (n=10)

P

Gram-positive CRB
Gram-negative CRB
Polymicrobial CRB
Total CRB

12 (50%)
8 (33%)
4 (17%)
24 (100%)

4 (40%)
4 (40%)
2 (20%)
10 (100%)

NS 0.6076
NS 0.7210
NS 0.8230
NA

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 highrisk for CRB, the treatment of all CRB episodes with
appropriate systemic antibiotics and antibiotic lock solutions, 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
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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 logrank 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)
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Table 3 Comparison of outcomes for the two different treatment groups. Twenty-two patients overlapped in both treatment groups (n number,
NS not significant, ESI exit-site infections)
Parameter

Betadine® era (n=39)

ChloraPrep® era (n=35)

P

Total number of catheter days
Total number of CRB episodes
CRB/1,000 catheter days
Exit site infections
ESI/1,000 catheter days
Hospitalization for CRB/1,000 catheter days
Overall catheter survival time (days±SD)
Infection-free catheter survival time (days±SD)
Number of catheters lost to malfunction/breakage

10,960 days
24
2.2
3 infections/2 patients infected
0.3
4.1 days/7 patients admitted
161.1±107.2
106.9±56.7
21/64 (33%)

9,824 days
10
1.0
2 infections/2 patients infected
0.2
1.8 days/3 patients admitted
207.6±136.0
122.0±54.3
20/52 (38%)

NS 0.9866
0.0041
0.0415
NS 0.9129
NS 0.7393
0.0416
NS 0.0535
NS 0.1100
NS 0.5309

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 catheters 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 smaller P 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 surveillance against CRB.
There are no clear data on whether the antimicrobial effect
of chlorhexidine is more prominent in certain microorganisms/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 significance, 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 microinflammation 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 microinflammation by the conventional inflammatory markers,
the effect of cleansing technique to control the inflammation 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.
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Andrews Orthopedic &Sports Medicine Cente; ChloraPrep highly effective for presurgical pathogen
removal
ProQuest document link
Abstract (Abstract): "In the DuraPrep group, bacteria grew on culture of specimens obtained from 65% of the
hallux sites, 45% of the toe sites, and 23% of the control sites," while in the ChloraPrep group, "bacteria grew
on culture of specimens from 30% of the hallux sites, 23% of the toe sites, and 10% of the control sites," test
results showed. "ChloraPrep was the most effective agent for eliminating bacteria from the halluces and the
toes (p<0.0001)."
Links: Check LinkSource for Full Text
Full text: 2005 JUL 9 - (LawRx.com) -- ChloraPrep skin-preparation solution is highly effective for eliminating
infectious bacteria prior to foot and ankle surgery.
"Previous studies have demonstrated higher infection rates following orthopedic procedures on the foot and
ankle as compared with procedures involving other areas of the body," surgeons in Florida explained.
In addition, the "difficulty of eliminating bacteria from the forefoot prior to surgery" has been well-documented,
noted R.V. Ostrander and colleagues at the Andrews Orthopaedic and Sports Medicine Center in Gulf Breeze.
They conducted their own study, to compare the "efficacy of three different surgical skin-preparation solutions in
eliminating potential bacterial pathogens from the foot."
"A prospective study was undertaken to evaluate 125 consecutive patients undergoing surgery of the foot and
ankle," the investigators said. "Each lower extremity was prepared with one of three randomly selected
solutions: DuraPrep (0.7% iodine and 74% isopropyl alcohol), Techni-Care (3.0% chloroxylenol), or ChloraPrep
(2% chlorhexidine gluconate and 70% isopropyl alcohol)."
"After preparation, quantitative culture specimens were obtained from three locations: the hallux nailfold (the
hallux site), the web spaces between the second and third and between the fourth and fifth digits (the toe site),
and the anterior part of the tibia (the control site)," according to the report. "In the Techni-Care group, bacteria
grew on culture of specimens obtained from 95% of the hallux sites, 98% of the toe sites, and 35% of the
control sites."
"In the DuraPrep group, bacteria grew on culture of specimens obtained from 65% of the hallux sites, 45% of
the toe sites, and 23% of the control sites," while in the ChloraPrep group, "bacteria grew on culture of
specimens from 30% of the hallux sites, 23% of the toe sites, and 10% of the control sites," test results showed.
"ChloraPrep was the most effective agent for eliminating bacteria from the halluces and the toes (p<0.0001)."
"The use of effective preoperative preparation solution is an important step in limiting surgical wound
contamination and preventing infection, particularly in foot and ankle surgery. Of the three solutions tested in the
present study, the combination of chlorhexidine and alcohol (ChloraPrep) was most effective for eliminating
bacteria from the forefoot prior to surgery," the researchers concluded."
Ostrander and coauthors published the results of their study in the Journal of Bone and Joint Surgery American Volume (Efficacy of surgical preparation solutions in foot and ankle surgery. J Bone Joint Surg Am,
2005;87A(5):980-985).
For additional information, contact R.V. Ostrander, Andrews Orthopaedic and Sports Medicine Center, 1118
Gulf Breeze Parkway, Suite 100, Gulf Breeze, FL 32561, USA.
The publisher of the Journal of Bone and Joint Surgery - American Volume can be contacted at: Journal of
Bone and Joint Surgery Inc., 20 Pickering St., Needham, MA 02192, USA.
Keywords: Gulf Breeze, Florida, United States, Anti-infectives, Bacteriology, Foot and Ankle Surgery,
Orthopedic Surgery, Surgical Technology.
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Medi-Flex, Inc.; ChloraPrep provides non-linting application
ProQuest document link
Abstract (Abstract): Center for Disease Control and Prevention (CDC) Guidelines for the Prevention of
Intravascular Catheter-Related Infections state that for cutaneous antisepsis, "a 2% chlorhexidine-based
preparation is preferred." ChloraPrep is the only 2% chlorhexidine gluconate/ 70% isopropyl alcohol patient
preoperative skin prep approved by the FDA that meets the CDC's guidelines.
Links: Check LinkSource for Full Text
Full text: 2005 JUL 19 - (LawRx.com) -- Utilizing an innovative design that creates a new standard for
excellence in swabstick technology, the ChloraPrep Swabstick is now available in single and triple applicators
with a design that provides significant improvement in performance over traditional swabsticks.
The reinforced handle provides friction while the new polyester, polyurethane foam tip provides non-linting
application.
"The ChloraPrep Swabstick is clearly a superior product combining advanced design technology with the best
antiseptic available for infection prevention," said Cynthia T. Crosby, vice president of clinical affairs for MediFlex.
Center for Disease Control and Prevention (CDC) Guidelines for the Prevention of Intravascular CatheterRelated Infections state that for cutaneous antisepsis, "a 2% chlorhexidine-based preparation is preferred."
ChloraPrep is the only 2% chlorhexidine gluconate/ 70% isopropyl alcohol patient preoperative skin prep
approved by the FDA that meets the CDC's guidelines.
Clinical studies comparing chlorhexidine to povidone iodine consistently demonstrate reduction rates of 50% for
catheter- related bloodstream infections. Furthermore in clinical practice ChloraPrep has consistently
demonstrated a reduction in healthcare associated infections when replacing alcohol and iodine.
The ChloraPrep family of products is manufactured by Medi-Flex, Inc., a Leawood, Kansas-based company.
This article was prepared by Pharma Law Weekly editors from staff and other reports. Copyright 2005, Pharma
Law Weekly via LawRx.com.
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Medi-Flex, Inc.; Availability of preoperative antibacterial skin preparation announced
ProQuest document link
Abstract (Abstract): ChloraPrep 26 mL with scrub teal tinting technology is the first U.S. Food and Drug
Administration (FDA)-approved preoperative skin prep that contains the U.S. Centers for Disease Control and
Prevention (CDC)-preferred amount of chlorhexidine gluconate. Compared to iodophors, ChloraPrep 26 mL
demonstrates superior antibacterial activity and is the most rapid-acting, and persistent preoperative skin
preparation available in the operating room.
Links: Check LinkSource for Full Text
Full text: 2005 NOV 18 - (LawRx.com) -- Medi-Flex, Inc. announced the availability of a new preoperative skin
prep for use in the surgical suite.
ChloraPrep 26 mL with scrub teal tinting technology is the first U.S. Food and Drug Administration (FDA)approved preoperative skin prep that contains the U.S. Centers for Disease Control and Prevention (CDC)preferred amount of chlorhexidine gluconate. Compared to iodophors, ChloraPrep 26 mL demonstrates superior
antibacterial activity and is the most rapid-acting, and persistent preoperative skin preparation available in the
operating room.
Surgical site infections (SSIs) are a major cause of healthcare- associated infections (HAIs). Most of these
debilitating, sometimes deadly surgical infections are caused by bacteria on the patient's own skin.
Reducing targeted surgical adverse events by 50% is one of the CDC's "Seven Healthcare Safety Challenges"
for the next 5 years.
ChloraPrep is manufactured in Medi-Flex's FDA-approved facility in El Paso, Texas. The facility is ISO9001:2000 and ISO:13488 certified and has the received four consecutive audits without an FDA observation.
Medi-Flex was founded in 1985 and has a 20-year history of developing antiseptic skin products.
This article was prepared by Food &Drug Law Weekly editors from staff and other reports. Copyright 2005,
Food &Drug Law Weekly via LawRx.com.
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Intraoperative Patient Skin Prep
Agents: Is There a Difference?
JENNIFER ZINN, RN, MSN, CNS-BC, CNOR; JEANNE B. JENKINS, RN, MSN, MBA;
VANGELA SWOFFORD, RN, BSN; BEVERLY HARRELSON, RN, MSN, CPAN;
SHARON McCARTER, RN, BSN, CNOR
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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 specific mechanism of action along with specific
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 patient’s allergies and skin condition, the surgical site, the manufacturer
recommendations for the prep agent, and surgeon preference. AORN J 92 (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, parachoroxylenol, isopropyl alcohol.

S

urgical-site infections (SSIs) are the most
common of all health care-associated
infections in the surgical population,
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accounting for more than 6 million (38%) of all
health care adverse events and 14% to 16% of
all health care-associated infections.1-3 According 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 fiscal
ramifications for both the patient and the health
doi: 10.1016/j.aorn.2010.07.016
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care facility. An SSI can more than double the
patient’s health care-related expenses as well as
adversely affect the patient’s quality of life, functional status, and satisfaction.7 An SSI can increase the hospital costs for major surgery fivefold; hospitals spend millions of dollars each year
related to treatment costs and increased length of
stay.7
As of October 2008, the revised Medicare reimbursement policy for health care facilities no
longer includes the costs associated with treatment of specific SSIs.1,8,9 This change in policy
has challenged health care administrators and providers to thoroughly examine current internal SSI
prevention measures.1,8
It is critical that health care providers acknowledge 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:

for endogenous and exogenous contaminate
sources.3,8,10 Resident bacteria on the skin are
considered very difficult to remove, further
highlighting the significance of effective skin
asepsis.12 An increase in wound infection risk
occurs when the microbial counts on the surface of the skin are more than 105 microorganisms per gram of tissue.3,8 Therefore, strict adherence to the basic principles of aseptic
technique is a crucial responsibility of perioperative 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 intraoperative skin preparation is to provide antisepsis of
the surgical site.10 Skin preparation limits the risk
for SSI by

Is there empirical research available that
clearly identifies 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 examine the specific empirical evidence related to
the intraoperative skin prep agents used for general surgical procedures. The information from
this review expands the body of clinical nursing
knowledge and evidence-based practice, particularly for perioperative nurses. Health care institutions may use these findings as a foundation for
formulating recommendations focused on patientcentered care topics, such as quality of care,
safe patient outcomes, length of stay, and
reimbursement.
BACKGROUND
The patient’s own floras are the most common
source of an SSI.3,5,8,10,11 Intact patient skin
inherently provides resistance to infection by
creating a protective barrier.8 A surgical incision intentionally compromises intact patient
skin, unavoidably allowing a portal of entry

removing bioburden (ie, soil and transient microorganisms) from the patient’s 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 decreasing the risk of SSI by using rigorous adherence to aseptic technique and by using impeccable 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 results to articles published in English. Key words
searched included intraoperative, perioperative,
skin, prep, prepping, preparation, skin preparation, surgical, Techni-Care®, DuraPrep™, chlorhexidine, povidone-iodine, and surgical wound
infection/prevention and control. To yield a
greater number of articles related to intraoperative prep agents, we expanded the inclusive
dates from five 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 information on a variety of available intraoperative
surgical prep agents, each agent having a different mechanism of action and specific advantages and disadvantages.

ANALYSIS
At the time of this literature review, the prep
agents in our health system included povidoneiodine, chlorhexidine gluconate (CHG), parachoroxylenol (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 in Table 1. Research team members 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 “hits,” and we
chose and analyzed 29 of the articles based on
relevance to the topic. The excluded articles involved animal studies and nonpertinent patient
populations. All the studies reviewed clearly demonstrated a link between appropriate surgical skin
preparation and the incidence of SSI.8,10,13 Only a
limited number of research reports focused on the
four skin prep agents used at our facility; therefore, 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.
664

AORN Journal

ZINN ET AL
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 first 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 established and widely used antiseptic agents in the
surgical domain,16 povidone-iodine has the potential 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 bacteria.3,8,10,16 This agent has excellent activity
against gram-positive bacteria and good activity
against gram-negative bacteria.3,8,10 Povidoneiodine’s free iodine attracts and binds with organic substances, thus modifying or decreasing its
antiseptic effectiveness in the presence of blood.16
Povidone-iodine is classified as moderate in relation to the rapidity of action and provides minimal persistent and residual activity.3,8,10
Povidone-iodine has been shown to decrease
the incidence of wound infection18 and is considered a highly effective skin preparation for surgery.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 povidoneiodine agent.16
The disadvantages of povidone-iodine as an
intraoperative prep agent are difficult 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 Administration (FDA) approved, fast-acting, broadspectrum agent that has beneficial and desirable
characteristics as an intraoperative prep agent.
Without conclusive evidence to demonstrate
otherwise, povidone-iodine will remain a viable

Article

Participants

Chlorhexidine-alcohol
versus povidoneiodine for surgicalsite antisepsis27

Adult surgical
patients 18 years
or older
undergoing
cleancontaminated
surgery

Design






Randomly assigned
skin prep of
chlorhexidinealcohol or
povidone-iodine
Setting: 6 hospital
sites
Followed patients
for 30 days after
surgery for
development of
surgical site
infection (SSI)

Strengths and
weaknesses

Results








N ⫽ 849 with
 409 in the chlorhexidinealcohol group
 440 in the povidone-iodine
group
Significantly fewer SSIs in the
chlorhexidine-alcohol group
(9.5% v 16.1%; P ⫽ .004)
Chlorhexidine-alcohol group
had fewer superficial 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 significant
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

Evidence and/or
implications for
a practice
change?

Level of
evidence*

INTRAOPERATIVE SKIN PREP

TABLE 1. Literature Review Grid

This article suggests A ⫽ Prospective,
that chlorhexidinerandomized
alcohol is a superior clinical trial
product to
povidone-iodine for
wound class 2
procedures

(table continued)
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Article





Adult surgical
patients 18
years or older
undergoing
general
surgery
Elective or
emergent
cases,
inpatients and
outpatients

Design






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

Strengths and
weaknesses

Results












Strengths:
 Compared commonly
used prep agents for
surgical patients
 Scientific 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 significant
results
Weaknesses:
 Non-randomized study
design
 Sample size of the
isopropyl alcohol group
was larger based on the
opening of additional ORs

* A ⫽ strong randomized clinical trial (RCT); B ⫽ strong case control, cohort studies, weak RCT; C ⫽ case control, cohort; D ⫽ expert opinion, case study.

This article suggests
that both iodophorbased 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

ZINN ET AL



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
superficial SSIs
SSIs related to surgical wound
classification 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

Level of
evidence*

No 6

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

Participants

Evidence and/or
implications for
a practice
change?
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TABLE 1. (continued) Literature Review Grid
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intraoperative prep agent and remains a common
agent used in intraoperative prep.

www.aornjournal.org

CHG cloth in decreasing bloodstream and central
line infections, two interesting questions arise:
Is a 2% CHG cloth as effective as the established 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?


Chlorhexidine Gluconate
Chlorhexidine gluconate with and without alcohol
has been studied extensively as a surgical hand
scrub and surgical skin preparation. The mechanism of action for this broad-spectrum agent is
disruption of the cell membranes by cytologic and
physiologic changes that lead to cell death, specifically 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 remain effective in the presence of serum and protein-rich biomaterial, such as blood.5,11 Chlorhexidine gluconate is classified 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 povidoneiodine and parachoroxylenol as a surgical hand
scrub.12,14,21,22 Because of CHG’s persistent and
residual activity, it is considered a highly effective surgical hand scrub,11,14,21,22 consistently
demonstrating log reductions below baseline criteria as defined by the FDA.1,2,21 Hibiclens®, a
brand of CHG, was the first surgical hand scrub
approved as safe and effective by the Topical Antimicrobials Committee of the FDA and continues
to be commonly used throughout health care settings. Results of numerous studies have supported
CHG as effective in decreasing bacteria on the
skin,1,5,23 which correlates with decreased bloodstream and central line infections. These findings
support the use of CHG as beneficial with repeated applications over an extended period of
time.1,21,23
Research results also support bathing or showering twice before surgery with a 4% CHG agent
as an effective measure to decrease the potential
for postoperative infections.1,8,10,11 Given the reported findings of the effectiveness of the 2%

These questions highlight an additional gap in
evidence and warrant further exploration.
The disadvantages of CHG are specific contraindications for use. Chlorhexidine gluconate contact may cause corneal damage, ototoxicity, and
neurotoxicity.10,11,15 Furthermore, because of potential 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.10,11,15 Chlorhexidine gluconate
has been reported to be inactivated by saline solution24 and may have a drying effect on the skin.15
Parachoroxylenol
Parachoroxylenol, also known as PCMX, is considered 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.3,8,10,15 Results of
previous studies of parachoroxylenol have suggested it is 99.9% effective against methicillinresistant Staphylococcus aureus and other common organisms.15 Parachoroxylenol is classified
as moderate with regard to the rapidity of action
and persistent and residual activities.3,8,10 Parachoroxylenol immediately bonds with the dermis
and is not denatured by organic material, thus
parachoroxylenol has a tolerance for organic material, such as blood, and remains active in saline solution.15 Parachoroxylenol is considered
nontoxic, with no tissue contraindications.8,10,15
Although this review yielded limited evidence
to support parachoroxylenol as a first choice
AORN Journal
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antimicrobial agent, it has been introduced as a
safe intraoperative skin prep alternative for surgical 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 demonstrated less effective results than other agents included in this review.11,14,21,22 As an intraoperative skin prep agent, parachoroxylenol also
demonstrates less effective results than other skin
prep agents.20 Currently, there is not an abundance 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,
classified excellent with regard to rapidity of action but does not demonstrate persistent residual
activity.3,8,10 However, the combination of alcohol 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 immediate germicidal action of alcohol and the residual activity of iodine.
The majority of DuraPrep research focuses on
orthopedic procedures. The purpose of this literature review was to explore prep agents specifically 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 addressed the use of DuraPrep in open abdominal,
general surgery procedures, thus demonstrating a
gap in the knowledge and evidence specific to
this prep agent and population.
A disadvantage of DuraPrep is the product’s potential for causing surgical fires because it has an
alcohol base. The alcohol content in this skin prep
agent is an undesirable catalyst in the OR because
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of its flammability.1,3 Along with specific SSIs, surgical fires are considered “never events” (ie, preventable 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 in Table 2.
DISCUSSION
Several factors must be considered when choosing
an appropriate intraoperative skin preparation,
including a nursing assessment of contraindications. Advantages and disadvantages of the prep
agents must be weighed carefully to facilitate positive patient outcomes, specifically, to decrease
the incidence of SSIs. Given the current status
of the economy, hospitals must consider the
cost:benefit ratio for each prep agent and ask the
question, “Are health care systems paying for a
product whose performance is evidence based?”
Environmental risks are another factor to consider when choosing an appropriate intraoperative
skin preparation. Although rare, surgical fires are
a significant risk in any OR. Ignition sources (eg,
electrosurgery, lasers) are used commonly in surgery; therefore, the potential of a surgical fire is
increased any time alcohol-based or flammable
skin prep agents are used.25,26 According to a
2009 ECRI Institute guidance report, 70% of surgical fires 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 fires rank third on the ECRI
Institute’s 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
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TABLE 2. Comparison of Prep Solutions
Advantages
Povidone-iodine
(Betadine®)







Chlorhexidine
gluconate
(Hibiclens®)







Disadvantages

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



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











Parachoroxylenol
(PCMX)










Iodine-base with
alcohol
(DuraPrep™)








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



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



Before making a final decision on a surgical skin
prep agent, health care providers should consider the
patient’s 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
specific to general surgical procedures, and considering all the advantages and disadvantages, we concluded 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 specific





Minimal persistent and residual activity
Decreased effectiveness in the presence of
blood and organic material
Lack of recent empirical evidence

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
Has demonstrated less effective results in
studies for hand scrubs
Not well documented in the literature as an
intraoperative prep solution

Highly flammable
Limited research related to application in
general surgery

mechanism of action along with specific advantages
and disadvantages to consider when selecting a prep
agent to use for surgery. Many factors must be considered when choosing a prep agent, such as patient
allergy, surgical site, and surgeon preference. All
prep agents are FDA approved and meet requirements for efficacy. No prep agent is categorized as
superior. The Centers for Disease Control and Prevention 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 specific surgical procedures. Rather, the
Centers for Disease Control and Prevention focuses
on the intent of the aseptic skin preparation, the
AORN Journal
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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 superior 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 exclusively 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 intraoperative surgical preparation with ChloraPrep
versus povidone-iodine. This study did not include all of the four prep agents used in our hospital 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 manufacturer of ChloraPrep.27 In another recent
study,28 ChloraPrep was not found to be a superior prep agent compared with povidone-iodine
and iodine povacrylex in isopropyl alcohol
(DuraPrep). The findings indicated that compared
with ChloraPrep both iodophor-based compounds
performed better and resulted in lower SSI rates.28

Editor’s note: Publication of this article does not
imply AORN endorsement of specific 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
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is registered trademark of Care-Tech® Laboratories, St Louis, MO. DuraPrep is a trademark of
3M, St Paul, MN. Betadine is a registered trademark of Purdue Products, Stamford, CT. Hibiclens is a registered trademark of Mölnlycke
Health Care, Norcross, GA. ChloraPrep is a registered trademark of CareFusion, San Diego, CA.
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Intraoperative Skin Prep Agents:
Is There a Difference?

2.2
www.aorn.org/CE

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

OBJECTIVES
1.
2.
3.
4.

Discuss the purpose of intraoperative skin preparation.
Explain how four common surgical skin prep agents work.
Identify the advantages associated with four common surgical skin prep agents.
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 convenience. To receive continuing education credit, you must complete the Examination and Learner Evaluation online at http://www.aorn.org/CE.

QUESTIONS
1. The patient’s floras 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 patient’s skin.
3. decrease resident microorganisms counts
quickly.
4. prevent regrowth and rebound of microorganisms.
a. 1 and 3
b. 2 and 4
c. 1, 2, and 4
d. 1, 2, 3, and 4
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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
© AORN, Inc, 2010

CE EXAMINATION
5. Chlorhexidine gluconate has been shown to remain 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 spinal 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 aureus and other common
organisms.
a. chlorhexidine gluconate
b. iodine-base with alcohol
c. parachoroxylenol
d. povidone-iodine
8. The combination of alcohol and iodine has demonstrated greater effectiveness in combating sur-

www.aornjournal.org

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 final decision about which skin
prep agent to use, health care providers should
consider
1. the patient’s 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 affiliations that could be perceived as potential conflicts of interest in publishing this article.
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LEARNER EVALUATION
CONTINUING EDUCATION PROGRAM

Intraoperative Patient Skin Prep
Agents: Is There a Difference?

T

his 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 common 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

2.2
www.aorn.org/CE

9. Will you change your practice as a result of reading 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/implement a policy and procedure.
3. I will plan an informational meeting with physicians to seek their input and acceptance of
the need for change.
4. I will implement change and evaluate the effect 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 recertification, as well as other continuing education requirements.
AORN is accredited as a provider of continuing nursing education by the American Nurses Credentialing Center’s 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 certificate of completion.
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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, PH.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, PH.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 Improvement 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 associated with SSI included disseminated cancer (odds ratio [OR], 4.31; P \ .001); surgery performed 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.

(SSIs) lead to tremendous
S
morbidities in patients and increased costs for
hospitals. Infection rates after colorectal surgery have
URGICAL SITE INFECTIONS

been noted to be as high as 30 per cent.1 Several initiatives have aimed to reduce the risk of SSIs.2–4 Factors
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 inverse 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 College of Surgeons National Surgical Quality Improvement Program (NSQIP), which compares infection rates
at similar hospitals, this institution was a high outlier
in SSIs after colectomy when compared with peer institutions. 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
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
Shaffer, M.D., Emory University, 1365 Clifton Road NE, Clinic A,
Suite 3300, Atlanta, GA 30322. E-mail: voliva@emory.edu.

potentially altered to decrease SSI rates after colon resection 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 appropriate antibiotics or appropriate redosing, they were
also at increased risk of developing a SSI. An additional 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 increased risk of SSI.
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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 using the American College of Surgeons NSQIP data
representing January 2009 to December 2012. These
data included 13 unique Current Procedural Terminology (CPT) descriptions: eight open and five laparoscopic 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, organisms 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 culture 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 disseminated 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 patient was obtained through medical chart extraction.
These variables were: ileostomy or colostomy presence at the beginning and/or end of the case, appropriate redosing antibiotics intraoperatively, appropriate
use of preoperative antibiotics that include gastrointestinal micro-organism coverage, type of surgical
preparation used on the abdomen, intraoperative body
temperatures less than 36°C, length of time the patient 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 continuous variables and frequency table was used for categorical variables. The univariate association with
wound infection was carried out by x2 test for categorical covariates and analysis of variance for
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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 of P < 0.2.
Receiver operating characteristic analysis was used to
identify the optimal cut point for some continuous
predictors to wound infection. The analysis was conducted using SAS 9.3 (SAS Institute, Cary, NC) and R 1.1
(http://CRAN.R-project.org/package4optimalcutpoints).
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 surgery 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 increased 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 volume, 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 variable, for every 10-mg/dL increase in glucose, the patient had an additional 6 per cent increase chance of
developing a SSI.
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TABLE 1. Patient Characteristics
Variable
Wound infection
Gender
Race

ASA class

Smoker
Diabetes
Disseminated cancer
Transfusion (5 units)
Steroid use
Ileostomy_end
Colostomy_end
Ileostomy_beginning
Colostomy_beginning
Antibiotic redosing
Appropriate antibiotic coverage
Surgical preparation (Chloraprep)
Surgeon volume (median 36)
Temperature < 36°C for # 60 minutes
Laparoscopy
Highest glucose (48 hours)

n 4 365

Percent

281
84
190
6
89
9
261
2
126
200
33
3
58
320
25
20
36
21
43
41
35
8
5
352
329
298
184
198
127
290

77
23
52.1
1.6
24.4
2.5
71.5
0.5
34.6
54.9
9.1
0.8
15.9
87.7
6.8
5.5
9.9
5.8
11.8
11.2
9.6
2.2
1.4
98.6
90.1
81.6
50.4
56.6
34.8
80.1

No
Yes
Male
Asian
Black
Unknown
White
1
2
3
4
5
Yes
No
Noninsulin-dependent
Insulin-dependent
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
#36
Yes
Yes
#200

ASA, American Society of Anesthesiologists.

Discussion

In this study we looked at several factors and patient
characteristics obtained from the American College of
Surgeons NSQIP combined with medical chart extraction 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 surgeon 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 recommendations 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
Age (years)
BMI (kg/m2)
Hematocrit (%)
Glucose within 48 hours (mg/dL)
Albumin (g/dL)
Creatinine (mg/dL)
Charlson comorbidity score
Surgeon volume (no. of cases)
Lowest body temperature (°C)
Temperature at end of case (°C)
Lowest PACU temperature (°C)

Mean

Median

Range

56.8
27.5
35.2
166
3.43
1.01
4.72
45.1
35.6
36.6
36.4

57
26
35.8
153
3.5
0.89
5
36
35.6
36.6
36.4

19–92
13.7–53.3
15.2–48.9
75–463
1.3–4.8
0.4–8.67
1 to 11
1 to 95
33.9–37.8
35.0–39.7
35.5–37.7

BMI, body mass index; PACU, postanesthesia care unit.
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FIG. 1. Univariate regression analysis. Univariate regression analysis with odds ratio and 95
per cent confidence interval denoted by the lines.
The scale is logarithmic. Only P values < 0.05 are
shown. Dotted line shows X 4 1.

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 minutes 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 diabetics.10 This study found that, independent of diabetic 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 disseminated 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 infectious complications,14 although we did not specifically 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 preparation. Unfortunately, our medical records were limited 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. 2. Multivariate regression model. Multivariate regression analysis with odds ratio and 95
per cent confidence interval denoted by the lines.
The scale is logarithmic. Dotted line shows X 4 1.
All P values are shown and asterisk shows P <
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 variability. 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, nonrandomized, and single-institution study design. In an
attempt to overcome some of the limitations of a database 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 measurements were not done at standard intervals for all patients. 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 important step. Future endeavors include implementing
standardized protocols for clinical practice and standardized protocols for recordkeeping so better analysis can be done and ideally patients can be randomized 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 unmodifiable factors associated with SSI. Disseminated cancer
was strongly associated with developing an SSI.
Modifiable factors included surgeon volume, perioperative 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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Since the patient’s skin is a major source of pathogens that cause surgical-site infection, optimization of preoperative skin antisepsis may decrease postoperative infections. 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 hospitals to preoperative skin preparation with either chlorhexidine–alcohol scrub or
povidone–iodine scrub and paint. The primary outcome was any surgical-site infection 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 significantly 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 cleancontaminated surgery. (ClinicalTrials.gov number, NCT00290290.)
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D

espite the implementation of preoperative 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 recommendation as to which antiseptics should be used preoperatively 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 infection. The main objective of this study was to
compare the efficacy of chlorhexidine–alcohol with
that of povidone–iodine for preventing surgicalsite infections.

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

Patients 18 years of age or older who were undergoing clean-contaminated surgery (i.e., colorectal,
small intestinal, gastroesophageal, biliary, thoracic, 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 operative 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
ME THODS
the coverage area exceeded 33 by 33 cm. To help
STUDY DESIGN
match the two groups and address potential inWe conducted this prospective, randomized clin- terhospital differences, randomization was stratical trial between April 2004 and May 2008 at six ified by hospital with the use of computer-generuniversity–affiliated hospitals in the United States. ated randomization numbers without blocking.
The institutional review board at each hospital
approved the study protocol, and written informed EFFICACY OUTCOMES
consent was obtained from all patients before en- The primary end point of the study was the occurrollment. This investigator-initiated trial was con- rence of any surgical-site infection within 30 days
ceived by the first author, who also acted as the after surgery. The operating surgeon became aware
study sponsor, recruited the sites, gathered the of which intervention had been assigned only after
data, wrote the first and final versions of the man- the patient was brought to the operating room.
uscript, and decided in consultation with the other Both the patients and the site investigators who
authors to submit the paper for publication. All diagnosed surgical-site infection on the basis of
authors vouch for the completeness and accuracy criteria developed by the CDC9 remained unaware
of the data. One of the authors, who is a statisti- of the group assignments. Secondary end points
cian, analyzed the data. The single author from included the occurrence of individual types of surCardinal Health (manufacturer of the antiseptic gical-site infections. These were classified as suagents studied) substantially contributed to the de- perficial incisional infection (which involved only
sign and conception of the study and critically re- skin and subcutaneous tissue and excluded stitchvised the manuscript but played no role in data related abscesses), deep incisional infection (which
collection or analysis. All other authors had full involved fascia and muscle), or organ-space infecaccess to the data and substantially contributed tion (which involved any organ or space other than
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the incised layer of body wall that was opened or rank-sum test for continuous variables and Fisher’s
manipulated during the operation).9
exact test for categorical variables. For efficacy
outcomes, we compared the proportions of paCLINICAL ASSESSMENT
tients in the two study groups who could be evaluPreoperative evaluation included a medical history ated and who had any type of surgical-site infectaking, physical examination, and routine hema- tion, using Fisher’s exact test and calculating the
tologic and blood chemical laboratory tests. The relative risk of infection and 95% confidence insurgical site and the patient’s vital signs were as- tervals. The consistency of the effects of the study
sessed at least once a day during hospitalization, intervention on infections across different types
on discharge, at the time of follow-up evaluation, of surgery was examined with the use of an interand whenever surgical-site infection occurred. Af- action test. To determine whether the results were
ter discharge, the investigators called the patients consistent across the six participating hospitals,
once a week during the 30-day follow-up period a prespecified Breslow–Day test for homogeneity
and arranged for prompt clinical evaluation if in- was performed. To compare the proportions of
fection was suspected. Whenever surgical-site in- patients in the two study groups who were free of
fection was suspected or diagnosed, clinically surgical-site infection as a function of the length
relevant microbiologic samples were cultured. In- of time since surgery, we performed log-rank tests
vestigators who were unaware of the patients’ on Kaplan–Meier estimates based on analyses in
group assignments assessed the seriousness of which data for patients who did not have infecall adverse events and determined whether they tions were censored 30 days after surgery. Both
were related to the study.
the frequency of isolating certain organisms and
categories of organisms and the incidence of adSTATISTICAL ANALYSIS
verse and serious adverse events were compared
The average baseline rate of surgical-site infection between the study groups with the use of Fisher’s
at the six participating hospitals was 14% after exact test. All reported P values are based on twoclean-contaminated surgery with povidone–iodine tailed tests of significance and were not adjusted
skin preparation, and we estimated that substitut- for multiple testing.
ing chlorhexidine–alcohol for povidone–iodine
We conducted univariate and multivariate analywould reduce this rate to 7%. Therefore, we planned ses to assess whether risk factors contributed to
to enroll approximately 430 patients in each study the occurrence of surgical-site infection. The unigroup who could be evaluated in order for the variate analysis for categorical factors was perstudy to have 90% power to detect a significant formed with the use of Fisher’s exact test. For
difference in the rates of surgical-site infection be- continuous factors, we used a single-variable lotween the two groups, at a two-tailed significance gistic-regression model that involved generalized
level of 0.05 or less.
estimating equations (GEE) to account for hospiThe criteria for including patients in the in- tal site as a random effect. A multivariate logistention-to-treat analysis included randomization tic-regression analysis that also adjusted for the
and the possibility of applying each of the study hospital site as a random effect (by means of GEE)
antiseptic preparations (which required perfor- was performed to assess factors deemed signifimance of surgery). Inclusion in the per-protocol cant (P≤0.10) by univariate analysis or considered
analysis required the application of the study clinically important. The assessed risk factors were
preparation before clean-contaminated surgery prespecified in the protocol, and the statistical
and completion of the 30-day follow-up. An inde- methods were preplanned except for the inclusion
pendent data and safety monitoring board com- of hospital site as a random effect. Since some
posed of an infectious-disease physician, a sur- types of surgery did not result in infection in eigeon, and a statistician met annually to review ther study group, a dichotomous variable — “abthe conduct of the study. No formal criteria were dominal” surgery (including colorectal, biliary,
set for stopping the study.
small intestinal, and gastroesophageal operations)
The significance of differences between the versus “nonabdominal” surgery (including thoractwo study groups in terms of patient character- ic, gynecologic, and urologic operations) — was
istics was determined with the use of the Wilcoxon created for the GEE logistic-regression model.
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1003 Patients were screened

106 Were excluded from randomization

897 Underwent randomization

431 Were assigned to receive
chlorhexidine–alcohol

466 Were assigned to receive
povidone–iodine

22 Did not receive study drug
and surgery was not done

26 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 perprotocol analysis
12 Had clean instead of cleancontaminated surgery
2 Dropped out of study
4 Died during 30-day follow-up

18 Were excluded from perprotocol analysis
13 Had clean instead of cleancontaminated surgery
2 Dropped out of study
3 Died during 30-day follow-up

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

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

Figure 1. Screening, Randomization, and Follow-up of Study Participants.

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 duration 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 Supplementary Appendix).

R E SULT S
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 chlorhexidine–alcohol and 440 received povidone–iodine.
Thirty-six patients were excluded from the perprotocol 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 chlorhexidine–alcohol group and 3 in the povidone–
iodine group). Therefore, 813 patients (391 in the RATES OF INFECTION
chlorhexidine–alcohol group and 422 in the po- For the patients in the intention-to-treat populavidone–iodine group) were included in the per-pro- tion, the overall rate of surgical-site infection was
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Table 1. Baseline Characteristics of the Patients (Intention-to-Treat Population).*
Chlorhexidine–
Alcohol
(N = 409)

Characteristic
Male sex (%)

Povidone–Iodine
(N = 440)

P Value

58.9

55.9

0.40

53.3+14.6

52.9+14.2

0.87

100

100

>0.99

Mean

1.1±1.2

1.1±0.8

>0.99

Range

1–20

1–11

Age (yr)
Systemic antibiotics
Initiated preoperatively (%)
Duration of preoperative administration (days)

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

6.4

6.6

0.89

27.4

30.0

0.41

Thoracic

10.8

13.0

0.34

Gynecologic

10.3

9.1

0.56

6.4

8.0

0.42

26.7

27.0

0.94

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

Gastroesophageal
Nonabdominal surgery (%)

Urologic
Preoperative shower (%)
With 4% chlorhexidine gluconate (%)

* Plus–minus values are means ±SD.

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 chlorhexidine–alcohol versus povidone–iodine was 0.59
(95% confidence interval [CI], 0.41 to 0.85). Similarly, 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 surgical-site infection (relative risk, 0.62; 95% CI, 0.30
to 1.29).
The per-protocol analysis yielded similar efficacy results. The Kaplan–Meier estimates of the
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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 logrank 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 considered 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 minus 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

nejm.org

january 7, 2010

Chlorhexidine–Alcohol for Surgical-Site Antisepsis

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 calculated with the use of asymptotic standard-error estimates.
† P values are based on Fisher’s exact test.

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 povidone–iodine group in the intention-to-treat analysis 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 individual types of infection (P≥0.19). Even so, we accounted for hospital site in all logistic-regression
models by including this term as a random effect
through the use of GEE.

pendix). Since an analysis of risk factors other
than the assigned intervention constitutes an exploratory analysis, which involves multiple simultaneous statistical tests, it could inflate the probability 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 identifiable microbiologic cause of infection (Table 4
in the Supplementary Appendix). Gram-positive
aerobic bacteria (63 isolates) outnumbered gramnegative aerobic bacteria (25 isolates) by a factor
of 2.5, and 38% of cultures were polymicrobial.
There were no significant differences in the frequency of isolating certain categories of organisms
or particular organisms in the chlorhexidine–alcohol group (total of 44 isolates) as compared with
the povidone–iodine group (total of 63 isolates),
with the exception of streptococci, which were less
ANALYSES OF RISK FACTORS
common in the former group (1 of 44 [2.3%] vs.
The multivariate logistic-regression analysis iden- 10 of 63 [15.9%], P = 0.03).
tified the following risk factors for surgical-site
infection in the intention-to-treat population: use ADVERSE EVENTS
of povidone–iodine, abdominal surgery, alcohol In the intention-to-treat analysis, adverse events
abuse, liver cirrhosis, cancer, diabetes mellitus, occurred in equal proportions among the patients
malnutrition, gastrointestinal disease, longer dura- in the chlorhexidine–alcohol group and the povtion of surgery, longer duration of placement of idone–iodine group (228 of 409 [55.7%] and 256
surgical drain, and preoperative shower with povi- of 440 [58.2%], respectively), as did serious adverse
done–iodine (Table 3 in the Supplementary Ap- events (72 of 409 [17.6%] and 70 of 440 [15.9%],
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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–alcohol group, 39 patients had events (9.5%) and data from 370 patients
SIZE
(90.5%) were censored; in the povidone–iodine group, 71 patients had
events (16.1%) and data from 369 patients (83.9%) were censored.
AUTHOR, PLEASE NOTE:
Figure has been redrawn and type has been reset.
Please check carefully.

respectively) (Table 4, and Table 5 in the Supplementary Appendix). Findings were similar in the
per-protocol analysis. Three patients (0.7%) in each
study group had an adverse event (pruritus, erythema, or both around the surgical wound) that
was judged to be related to the study drugs; however, 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 surgical-site infections and three (0.7%) in the povidone–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 chlorhexidine–alcohol reduced the risk of surgical-site
infection by 41% as compared with the most common practice in the United States of using aqueous povidone–iodine.7 This degree of protection
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is similar to the 49% reduction in the risk of vascular 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 overall 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 prestudy rates at the participating hospitals and those
reported in other studies13 and are lower than the
rates reported in trials that used the CDC definition of infection and had adequate followup,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 infection is approximately 17.
Although both the antiseptic preparations we
studied possess broad-spectrum antimicrobial activity,9 the superior clinical protection provided
by chlorhexidine–alcohol is probably related to its
more rapid action, persistent activity despite exposure to bodily fluids, and residual effect.20 The
superior clinical efficacy of chlorhexidine–alcohol
in our study correlates well with previous microbiologic studies showing that chlorhexidine-based
antiseptic preparations are more effective than
iodine-containing solutions in reducing the bacterial concentration in the operative field for vaginal hysterectomy21 and foot-and-ankle surgery.22,23
Although the use of flammable 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 standardof-care preventive measures (e.g., administering
systemic prophylactic antibiotics within 1 hour
before the first incision was made and, if needed, clipping hair immediately before surgery),9,24
but hospitals were allowed to continue their preexisting 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 hospitalstratified randomization, which ensured close
matching of the two study groups as well as trial
results that are applicable to a broadly representative population of hospitalized patients.
Because antiseptics act only against organisms
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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
Total No.
of Patients

Povidone–Iodine

Patients with
Infection

Total No.
of Patients

no. (%)
Abdominal
Colorectal

Patients with
Infection
no. (%)

297

37 (12.5)

308

63 (20.5)
42 (22.0)

186

28 (15.1)

191

Biliary

44

2 (4.6)

54

5 (9.3)

Small intestinal

41

4 (9.8)

34

10 (29.4)

26

3 (11.5)

29

6 (20.7)

Nonabdominal

Gastroesophageal

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)

228 (55.7)

P Value†

percentage points
(95% CI)

no. (%)
Adverse events in ≥5% of patients in either group

Absolute Difference*

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

—

—

0.3 (−0.9 to 1.5)

0.72

Serious drug-related adverse
events

0

0

Death

4 (1.0)

3 (0.7)

* 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.

that reside on the patient’s integument, the overall superior protection afforded by chlorhexidine–
alcohol was attributed primarily to a reduction in
the rates of superficial and deep incisional infections that were caused mostly by gram-positive
skin flora. Since two thirds of surgical-site infections are confined to the incision,9,11 optimizing
skin antisepsis before surgery could result in a
significant clinical benefit.
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Summary The efficacy of a new skin disinfectant, 2% (w/v) chlorhexidine
gluconate (CHG) in 70% (v/v) isopropyl alcohol (IPA) (ChloraPrepw), was
compared with five commonly used skin disinfectants against Staphylococcus epidermidis RP62A in the presence or absence of protein, utilizing
quantitative time-kill suspension and carrier tests. All six disinfectants [70%
(v/v) IPA, 0.5% (w/v) aqueous CHG, 2% (w/v) aqueous CHG, 0.5% (w/v) CHG
in 70% (v/v) IPA and 10% (w/v) aqueous povidone iodine (PI)] achieved a log10
reduction factor of 5, in colony-forming units/mL, in a suspension test
(exposure time 30 s) in the presence and absence of 10% human serum.
Subsequent challenges of S. epidermidis RP62A in a biofilm (with and
without human serum) demonstrated reduced bactericidal activity. Overall,
the most effective skin disinfectants tested against S. epidermidis RP62A
were 2% (w/v) CHG in 70% IPA and 10% (w/v) PI. These results suggest that
enhanced skin antisepsis may be achieved with 2% (w/v) CHG in 70% (v/v) IPA
compared with the three commonly used CHG preparations [0.5% (w/v)
aqueous CHG, 2% (w/v) aqueous CHG and 0.5% (w/v) CHG in 70% (v/v) IPA].
Q 2005 The Hospital Infection Society. Published by Elsevier Ltd. All rights
reserved.

Introduction
Coagulase-negative staphylococci are frequently
associated with catheter-related bloodstream

* Corresponding author. Tel.: C44 121 472 1311x3451; fax:
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infections.1,2 A characteristic feature of these
micro-organisms is their ability to adhere and
form biofilms on prosthetic devices, resulting in
resistance to antimicrobial agents. In order to
reduce the risk of microbial colonization and
subsequent sepsis of peripheral vascular catheters,
it is recommended that the skin insertion site
should be disinfected for 30 s with an antimicrobial
solution.3 A chlorhexidine preparation is preferred;
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however, povidone iodine (PI) or 70% isopropyl
alcohol (IPA) may be used.4–6 These agents use
different modes of action to achieve antisepsis,
which may be reduced in the presence of organic
matter.7,8 Two percent chlorhexidine gluconate
(CHG) preparations have not been universally
available in the UK. Recently, a 2% (w/v) CHG in
70% (v/v) IPA solution (ChloraPrepw: Medi-Flexw
Incorporated; Kansas, USA) for skin decontamination has been developed and is currently under
review for approval by the Medicines and Healthcare Products Regulatory Agency (UK) for marketing
authorization. Clinical studies have demonstrated
that this skin disinfectant provided a significantly
better and more persistent antimicrobial activity
than 70% (v/v) IPA or 2% (w/v) aqueous CHG at 24 h
in patients receiving pre-operative skin antisepsis
on abdominal and inguinal sites (NZ106).9 This
enhanced residual antimicrobial activity may also
potentially reduce the risk of subsequent phlebitis
for patients requiring a peripheral vascular
catheter.
The criterion for determining the antimicrobial
activity of a disinfectant is usually the rate of
reduction of the number of viable micro-organisms when exposed to the antiseptic agent. The
most widely recognized definition with regards to
bactericidal activity is a log10 reduction factor of
5.10 Assessing the efficacy of a disinfectant may
be undertaken by various quantitative in vitro
methods including suspension tests and carrier
tests.11
The aim of the present study was to determine
the antimicrobial efficacy of 2% CHG in 70% (v/v)
IPA, which has recently become available in the UK,
and to compare it with 70% (v/v) IPA, 10% (w/v)
aqueous PI, 0.5% (w/v) aqueous CHG, 2% (w/v)
aqueous CHG and 0.5% (w/v) CHG in 70% (v/v) IPA
utilizing quantitative in vitro time-kill tests against
S. epidermidis RP62A at 30 s. Suspension tests were
used to determine the effectiveness of the disinfectant in reducing the potential risk from impaction on insertion of vascular catheters. Although
biofilm formation develops following medical
device insertion, some disinfectants have residual
activity. Therefore, in addition to the suspension
tests, carrier tests were undertaken to evaluate the
potential inhibition of biofilms on disinfectant
activity.

Methods
Six skin disinfectants were evaluated: 70% (v/v) IPA
(BDH; Poole, UK) was prepared by diluting 100%
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(v/v) IPA in sterile distilled water; 0.5% (w/v) and
2% (w/v) aqueous CHG (Sigma; St Louis, USA) were
prepared by diluting 20% (w/v) CHG in sterile
distilled water; 0.5% (w/v) CHG in 70% (v/v) IPA
(Adams Healthcare; Leeds, UK); 2% (w/v) CHG in
70% (v/v) IPA (Medi-Flexw International; Kansas,
USA) and 10% (w/v) aqueous PI (Seton Healthcare;
Oldham, UK).
Evaluation of the efficacy of the antimicrobial
agents was undertaken at 30 s; the recommended time for disinfecting the intended
skin site of a peripheral vascular catheter prior
to insertion.3
A neutralizing agent was prepared containing 2%
(v/v) Tween 80 (BDH; Poole, UK), 1.17% (w/v)
lecithin (Fisher Scientific; Loughborough, UK), 0.1%
(v/v) Triton X-100 (Sigma; St Louis, USA) and 0.5%
(w/v) sodium thiosulphate (BDH; Poole, UK) in
sterile distilled water. This was sterilized at 121 8C
for 15 min and then stored at 4 8C until required.
Prior to commencing the antimicrobial time-kill
studies, verification of the effectiveness and nontoxicity of the chosen neutralizing agent against the
range of antimicrobial agents and the efficacy of
the antimicrobial agents against the challenge
micro-organisms were determined.
S. epidermidis RP62A stored on microbank
beads (Pro-Lab Diagnostics; Ontario, Canada)
was revived by placing one bead in 3 mL brain
heart infusion (BHI) broth (Oxoid; Basingstoke,
UK) and incubating at 37 8C in air for 24 h. S.
epidermidis RP62A is a reference biofilm-positive
strain and ‘slime’ producer, which was confirmed
under current test conditions by Freeman et al.’s
technique.12
In the suspension test, 10 mL broth containing 3!
106 colony-forming units (cfu) S. epidermidis RP62A
was added to 990 mL disinfectant and mixed. After
30 s contact time at room temperature, 100 mL
suspension was removed and added to 900 mL
neutralizing agent, mixed and left to dwell for
5 min. Serial dilutions were inoculated on to BHI
agar plates which were incubated at 37 8C in air for
up to 48 h. Further suspension tests were undertaken by adding 10% (v/v) human serum (Sigma; St
Louis, USA) to the suspension prior to adding the
disinfectant. The evaluations were carried out in
triplicate.
To evaluate the efficacy of the disinfectants
against a biofilm, a carrier test was undertaken with
a 96-well polystyrene flat-bottomed microtitre tray
(Immulonw 2HB Thermo Labsystems; Franklyn, MA,
USA). A suspension of S. epidermidis RP62A was
diluted in BHI to approximately 1!104. Twohundred-microlitre aliquots of the suspension
were inoculated into 16 wells of a sterile microtitre
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tray. This was then covered with a microplate
sealer (Greiner-Bio-One; Gloucester, UK) and
incubated at 37 8C in air for 24 h. Confirmation of
biofilm production was undertaken by O’Toole and
Kolter’s13 technique. To determine the efficacy of
the disinfectants against a biofilm in the presence
of protein, the carrier test was repeated; a
suspension of S. epidermidis RP62A was diluted in
BHI to approximately 1!104 cfu/mL and 10%
human (v/v) serum was added.
The cells in suspension in each well were
removed by inversion of the plate; the wells were
then washed with 250 mL phosphate-buffered saline
(PBS). Two-hundred microlitres of the selected
disinfectant was added to each well and allowed
to dwell for 30 s. The disinfectant was aspirated and
250 mL neutralizing agent was added to each well
and left for 5 min. The neutralizing agent was
removed by inversion of the tray, and the microtitre
wells were washed with PBS. Removal of the biofilm
from the microtitre well was undertaken by adding
a 200-mL aliquot of BHI to each inoculated well.
With a sterile pipette tip, the walls of the microtitre
wells and base were scraped 10 times and the BHI
was removed from each well and collected. This
procedure was repeated a further three times and
the inoculum was mixed thoroughly. Previous
studies had demonstrated that four consecutive
scrapes were required to remove O99% of the
micro-organisms in a biofilm attached to a microtitre well; successive scrapes failed to statistically
reduce this number further. The numbers of viable
S. epidermidis RP62A in suspension were enumerated by serial dilutions, and 100 mL of each dilution
was inoculated on to BHI agar plates. The plates
were then incubated at 37 8C in air for up to 48 h.
Tests and controls were carried out 16 times.

Statistical analysis
Data were compared using the Mann–Whitney
U-test. P values of equal to or less than 0.05 were
regarded as significant.

Results
In all tests, the controls containing no disinfectant
resulted in a complete recovery of the initial
inocula.
Table I outlines the results of the suspension and
carrier tests in both the presence and absence of
protein. Efficacy of the disinfectant activity is
represented as the log10 reduction factor of the
initial cfu/mL. None of the skin disinfectants tested
achieved a log10 reduction factor O5 in all four
tests. Four disinfectants [70% (v/v) IPA, 0.5% (w/v)
CHG in 70% (v/v) IPA, 2% (w/v) CHG in 70% (v/v) IPA
and 10% (w/v) aqueous PI] achieved a log 10
reduction factor O5 at 30 s in the suspension
tests, both in the presence and absence of human
serum, and in the carrier test when challenged with
S. epidermidis RP62A in a biofilm.
When evaluating the effectiveness of the six
disinfectants against S. epidermidis RP62A in a
biofilm enriched with 10% (v/v) human serum, 70%
(v/v) IPA, 0.5% (w/v) aqueous CHG, 2% (w/v)
aqueous CHG and 0.5% (w/v) CHG in 70% (v/v) IPA
achieved a log10 reduction factor between 2 and 4
at 30 s. In comparison, 2% (w/v) CHG in 70% (v/v)
IPA and 10% (w/v) aqueous PI achieved a log10
reduction factor of between 4 and 5. There was no
statistical difference between the two disinfectants
on analysis (PZ0.28).

Table I Comparing the efficacy of 2% (w/v) chlorhexidine gluconate (CHG) in 70% (v/v) isopropyl alcohol (IPA)
against five standard skin disinfectants on Staphylococcus epidermidis RP62A after 30 s of contact time utilizing
suspension and carrier tests
Antiseptic

2% (w/v) CHG in 70% (v/v) IPA
70% (v/v) IPA
0.5% (w/v) aqueous CHG
2% (w/v) aqueous CHG
0.5% (w/v) CHG in 70% (v/v) IPA
10% (w/v) aqueous povidone iodine

Log10 reduction factor in cfu/mL of S. epidermidis RP62A
Carrier test:
Carrier test:
Suspension
Suspension test
biofilm
biofilm enriched with
test
with 10% human
10% human serum
serum
6.5
6.5
6.5
6.5
6.5
6.5

6.3
6.3
6.3
6.3
6.3
6.3

5.3
5.4
4.1
4.8
5.8
5.9

cfu, colony-forming units. Bold type indicates a failure to achieve a log10 reduction factor of 5.

4.7
2.8
2.3
2.8
3.6
4.4
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Discussion
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This study compared the antimicrobial effectiveness of 2% (w/v) CHG in 70% (v/v) IPA with five
standard skin disinfectants. The findings demonstrated that the range of disinfectants tested were
capable of achieving a log10 reduction factor of 5, in
cfu/mL, when in suspension both in the presence
and absence of protein. However, when challenged
with S. epidermidis RP62A in a biofilm (with or
without protein), the antimicrobial effectiveness
was reduced, thus reflecting previous reports that
disinfectants may be inhibited in the presence of
organic matter.7,8
The application of effective skin antisepsis is
essential in the strategy to reduce catheter-related
sepsis. The Centers for Disease Control and
Prevention4 recommend the use of a 2% chlorhexidine-based preparation for skin decontamination
prior to line insertion, but do not specify the use of
either an aqueous solution or one in 70% IPA. Pratt
et al.5 and the National Institute for Clinical
Excellence guidelines6 recommend an alcoholic
chlorhexidine solution but do not specify a concentration. This study supports the recommendation of
a chlorhexidine in alcohol product. Indeed, the
in vitro results suggest that 2% (w/v) CHG in 70%
(v/v) IPA offers an improved antimicrobial effect
compared with all three standard preparations of
CHG currently available in the UK [0.5% (w/v)
aqueous CHG, 2% (w/v) aqueous CHG and 0.5% (w/v)
CHG in 70% (v/v) IPA] when challenged with S.
epidermidis RP62A in a biofilm in the presence of
10% human serum (PZ0.0001).
Further in vitro studies are required to assess
the potential clinical effectiveness of 2% (w/v)
CHG in 70% (v/v) IPA against a wider range of
pathogens. In addition, assessment of the residual
antiseptic activity on the skin compared with
other commercially available chlorhexidine preparations needs to be studied. This study, however, suggests that 2% (w/v) CHG in 70% (v/v) IPA
may offer advantages over the other chlorhexidine products available. In vivo studies are
required to assess the effectiveness of this
product in the clinical situation.
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Rates of contamination of blood cultures obtained when skin was prepared with iodine tincture versus
chlorhexidine were compared. For iodine tincture, the contamination rate was 2.7%; for chlorhexidine, it was
3.1%. The 0.41% difference is not statistically significant. Chlorhexidine has comparable effectiveness and is
safer, cheaper, and preferred by staff, so it is an alternative to iodine tincture.
potential bias of seasonality was not accounted for. Therefore,
to determine any effect of different time periods, we included
contamination rates for the months of January to June 2003,
during which time chlorhexidine alone was used. The procedures used for skin preparation with iodine tincture and chlorhexidine were in accordance with the package inserts.
Blood cultures were collected by a variety of hospital staff,
including phlebotomists from the laboratory (who collect
about one-third of the samples), staff in the Emergency Department, and nurses. Generally, the rates of contamination
were lowest when the phlebotomy was done by the phlebotomy
team and highest when it was done by the staff in the Emergency Department (1.5 to 3% higher). During each time period, two in-services about the importance of skin antisepsis
were given. For adults, a blood culture consisted of a set of two
(FAN Aerobic and FAN Anaerobic) bottles. A pediatric bottle
could be used for children. Generally, the pediatric population
(⬍18 years of age) was ⬍5% of the patients. A blood culture
was considered positive if either one or both bottles grew
organisms. If a patient had more than two cultures taken and
only one was positive for coagulase-negative staphylococci,
viridans group streptococci, nutritionally deficient streptococci, Peptostreptococcus spp., diphtheroids, or Propionibacterium, Bacillus, or Micrococcus spp., then that culture was considered contaminated. If a patient had only one culture taken
and one of the organisms named above was present in that
single culture, then data from that culture were discarded.
Data were retrieved by the Cerner laboratory information system. Questionnaires were distributed to assess phlebotomists’
opinions of the two products.
From January 2002 to June 2002 (when iodine tincture was
used), 32 positive blood cultures with potential contaminants
were discarded; from August 2002 to February 2003 (when
chlorhexidine was used), 30 were discarded. During the time
when iodine tincture was used, the average contamination rate
was 2.72% (158 contaminants in 5,802 cultures); during the
time when chlorhexidine was used, the average contamination
rate was 3.13% (186 contaminants in 5,936 cultures) (Fig. 1).
The 0.41% (3.13% ⫺ 2.72%) difference was not statistically
significant (P ⫽ 0.188, chi-square analysis). The contaminating
organisms found with both iodine tincture and chlorhexidine
were similar in distribution (Table 1). The most common or-

Contaminated blood cultures cause unnecessary costs and
poor patient care and promote the use of unnecessary antibiotics. The current “gold standard” skin preparation is iodine
tincture. A new less toxic product ChloraPrep, a one-step application of 2% chlorhexidine gluconate and 70% isopropyl
alcohol, is now available. Several studies have established that
for preparing the skin for insertion of intravenous lines, chlorhexidine is superior to povidone-iodine or alcohol alone (1,
4–6, 9; N. Chaiyakunapruk, D. L. Veenstra, S. Saint, and B. A.
Lipsky, Abstr. 28th Annu. Meet. Assoc. Prof. Infect. Control
Epidemiol., abstr. 99, 2001; D. G. Maki, V. Knasinski, L. L.
Narans, and B. J. Gordon, Program Abstr. 11th Soc. Healthcare Epidemiol. Am., abstr. 142, 2001; D. G. Maki, V. Knasinski, L. L. Narans, and B. J. Gordon, Program Abstr. 11th Soc.
Healthcare Epidemiol. Am., abstr. 142, 2001; G. Sheehan, K.
Leicht, M. O’Brien, G. Taylor, and R. Rennie, Program Abstr.
33rd Intersci. Conf. Antimicrob. Agents Chemother. abstr. 1616,
1993) and that for preparing the skin prior to obtaining blood for
culture, chlorhexidine is superior to povidone-iodine (8). However, only one smaller study compared the rates of blood culture
contamination obtained with chlorhexidine versus those obtained
with iodine tincture (10). To further document the efficacy of
chlorhexidine, we compared the rates of blood culture contamination when iodine tincture was used to prepare the skin versus
those obtained when chlorhexidine was used.
(This work was previously presented in part [103rd Gen.
Meet. Am. Soc. Microbiol., abstr. C-095, p. 135, 2003].)
At Memorial Medical Center in Springfield, Ill., 11,738
blood cultures over two time periods (January 2002 to June
2002 and August 2002 to February 2003) were studied. The
cultures were processed identically during each time period in
an automated blood culturing instrument (BacT/Alert; Organon Teknika, Durham, N.C.). Both chlorhexidine and iodine
tincture are manufactured by Medi-Flex Hospital Products,
Inc. (Overland Park, Kans.). From January to June 2002, iodine tincture was used for antiseptic skin preparation. From
August 2002 to February 2003, chlorhexidine was used. Since
contiguous time periods were used to evaluate the products, a
* Corresponding author. Mailing address: Laboratory Medicine,
Memorial Medical Center, 701 N. First St., Springfield, IL 62781.
Phone: (217) 788-3000. Fax: (217) 788-5577. E-mail: barenfanger
.joan@mhsil.com.
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TABLE 2. Contamination rates during the same months in
different years
Mo

January
February
March
April
May
June
Cumulative

FIG. 1. Graph of contamination rates obtained with the two different skin preparations compared in this study. Cum, cumulative.

ganisms causing contamination were coagulase-negative staphylococci (125 of 158 or 79.1% with iodine tincture and 137 of
186 or 73.7% with chlorhexidine), followed by diphtheroids (12
of 158 or 7.6% with iodine tincture and 22 of 186 or 11.8% with
chlorhexidine) and viridans group streptococci (9 of 158 or
5.7% with iodine tincture and 11 of 186 or 5.9% with chlorhexidine). Despite the use of the different products, there was
minimal variation in the rates of contamination from month to
month during different years (Table 2).
The cost of chlorhexidine in this hospital was 16 cents less
per kit. The time required for skin antisepsis by chlorhexidine
was 40 s less than that required for skin antisepsis by iodine
tincture. Fifteen phlebotomists and nurses answered questionnaires about their subjective impressions. All but one preferred
chlorhexidine. The reasons cited were that chlorhexidine was
easier, faster, and less messy.
The study that directly compared iodine tincture to chlorhexidine for skin preparation for blood cultures had results
similar to but slightly different from ours (10). The study by
Trautner et al. of 430 blood cultures found a slightly higher
contamination rate with iodine tincture, but the difference was
not statistically significant (P ⫽ 0.62) (10).
Our findings are subject to at least two limitations. First, the
use of different time frames is a theoretical problem. It is
possible that the lack of a statistically significant difference
observed was due to changes in patient population or seasonal
trends. However, in subsequent months when chlorhexidine

TABLE 1. Distribution of organisms causing contamination in the
two time periods studied
No. (%) of organisms
Organisms

Bacillus spp.
Coagulase-negative staphylococci
Diphtheroids
Micrococci
Nutritionally deficient streptococci
Propionibacteria
Peptostreptococci
Viridans group streptococci
All contaminant organisms

Iodine tincture

Chlorhexidine

5 (3.2)
125 (79.1)
12 (7.6)
4 (2.5)
1 (0.6)
1 (0.6)
1 (0.6)
9 (5.7)

8 (4.3)
137 (73.7)
22 (11.8)
3 (1.6)
0
5 (2.7)
0
11 (5.9)

158 (100)

186 (100)

Contamination rate with
Iodine tincture in 2002 (%)

Contamination rate with
chlorhexidine in 2003 (%)

2.9
3.0
2.1
2.1
3.5
2.8

3.0
2.6
3.5
2.7
2.1
3.5

2.7

2.9

alone was used, the average contamination rate was 2.9% from
January 2003 to June 2003, compared to the same time frame
in the previous year in which iodine tincture was used with a
contamination rate of 2.7% (Table 2). Second, a chart review
was not done to determine if the isolate was really a true
contaminant. However, we used the same widely used criteria
in both arms of the study to determine contamination rates.
Iodine tincture has the disadvantage of being toxic when
used repeatedly (4). Toxicity or sensitization due to chlorhexidine is very uncommon (2–4, 7). In contrast, iodinated antiseptics alter thyroid function in newborns of low birth weight
because of systemic absorption of iodine (5). After discussions
with infectious disease physicians, infection control staff, and
committee, we will continue using chlorhexidine for antiseptic
preparation of skin prior to obtaining blood for culture at this
institution.
In conclusion, since chlorhexidine has comparable effectiveness to iodine tincture and is safer, cheaper, and preferred by
users, it is an alternative to iodine tincture.
This study was supported in part by a grant from Medi-Flex Hospital
Products, Inc.
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LEARNING OBJECTIVES
On completion of this article, the reader should be able to:
1. Identify key elements of the insertion technique that will minimize catheter-related bloodstream infections in the
intensive care unit.
2. Describe other interventions that will minimize catheter-related bloodstream infection in the intensive care unit.
3. Describe the application of this knowledge in the clinical environment.
Dr. Berenholtz has disclosed that he is a consultant to VHA, Inc. The remaining authors have disclosed that they have no
financial relationships or interests in any commercial companies pertaining to this educational activity. The authors have
disclosed that none of the proton pump inhibitors or histamine antagonists discussed in this article have been approved by
the U.S. Food and Drug Administration for use in the prevention of stress-related mucosal bleeding except continuous
infusion cimetidine.
Visit the Critical Care Medicine Online website (www.ccmjournal.com) for information on obtaining continuing medical
education credit.

Objective: To determine whether a multifaceted systems intervention would eliminate catheter-related bloodstream infections
(CR-BSIs).
Design: Prospective cohort study in a surgical intensive care
unit (ICU) with a concurrent control ICU.
Setting: The Johns Hopkins Hospital.
Patients: All patients with a central venous catheter in the ICU.
Intervention: To eliminate CR-BSIs, a quality improvement
team implemented five interventions: educating the staff; creating
a catheter insertion cart; asking providers daily whether catheters
could be removed; implementing a checklist to ensure adherence
to evidence-based guidelines for preventing CR-BSIs; and empowering nurses to stop the catheter insertion procedure if a
violation of the guidelines was observed.
Measurement: The primary outcome variable was the rate of
CR-BSIs per 1,000 catheter days from January 1, 1998, through
December 31, 2002. Secondary outcome variables included adherence to evidence-based infection control guidelines during
catheter insertion.
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Main Results: Before the intervention, we found that physicians followed infection control guidelines during 62% of the
procedures. During the intervention time period, the CR-BSI rate
in the study ICU decreased from 11.3/1,000 catheter days in the
first quarter of 1998 to 0/1,000 catheter days in the fourth quarter
of 2002. The CR-BSI rate in the control ICU was 5.7/1,000 catheter
days in the first quarter of 1998 and 1.6/1,000 catheter days in the
fourth quarter of 2002 (p ⴝ .56). We estimate that these interventions may have prevented 43 CR-BSIs, eight deaths, and
$1,945,922 in additional costs per year in the study ICU.
Conclusions: Multifaceted interventions that helped to ensure
adherence with evidence-based infection control guidelines
nearly eliminated CR-BSIs in our surgical ICU. (Crit Care Med
2004; 32:2014 –2020)
KEY WORDS: intensive care units; infection, nosocomial; catheterization, central venous; total quality management; organizational innovation
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atheter-related bloodstream
infections (CR-BSIs) are associated with significant morbidity, mortality, and costs (1,
2). Patients in intensive care units (ICUs)
are at an increased risk for CR-BSIs because 48% of ICU patients have indwelling central venous catheters, accounting
for 15 million central catheter days per
year in United States ICUs (1). Assuming
an average CR-BSI rate of 5.3 per 1,000
catheter days and an attributable mortality of 18% (0% to 35%), as many as
28,000 ICU patients die of CR-BSIs annually in the United States alone (2– 4).
Therefore, efforts to decrease the rate of
CR-BSIs and to improve the quality of
ICU care are paramount.
Although the rates of CR-BSI are high,
they are preventable. Numerous inter-
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ventions have reduced the incidence of
CR-BSI and the ensuing morbidity, mortality, and costs (5– 8). In addition, the
Centers for Disease Control and Prevention (CDC) (www.cdc.gov), the Society of
Critical Care Medicine, the Society of
Healthcare Epidemiologists of America,
the Infectious Disease Society of America,
and several other societies have recently
developed evidence-graded guidelines for
the prevention of catheter-related infections (9). Several of the guideline recommendations are supported by well-done
clinical trials or systematic reviews and
include the following: appropriate use of
hand hygiene; chlorhexidine skin preparation; full-barrier precautions during
central venous catheter insertion; subclavian vein placement as the preferred site;
and maintaining a sterile field while inserting the catheter (1).
Despite this evidence, a gap exists between best evidence and best practice
(10). The aim of this project was to eliminate CR-BSIs in our ICU. To accomplish
this aim, we used a quality improvement
model that can be broadly applied to
other ICUs. We also estimated the number of CR-BSIs that we may have prevented and the potential savings as a result of our improvement.

MATERIALS AND METHODS
Study Setting. The Johns Hopkins Hospital
is a 926-bed tertiary care hospital with seven
ICUs and medical, surgical, psychiatric, and
neurologic services. Two ICUs participated in
this project. The intervention surgical ICU
(SICU) is a 16-bed surgical ICU that cares for
adult patients undergoing general, orthopedic,
transplant, trauma, and vascular surgery. The
concurrent control ICU is a 15-bed unit that
cares for adult patients undergoing cardiac
surgery.
Study Design. We designed a prospective
cohort study with concurrent controls. Central venous catheters are routinely placed by
the anesthesiologists in the operating room or
by surgery, anesthesia, and critical care residents in the ICU. The decision to use a single
or multilumen catheter was at the discretion
of the intraoperative anesthesia or critical care
team in the ICU. Both ICUs are a mandatory
consult model in which the patient’s surgeon
remains the attending physician of record and
all patients in the ICU are co-managed by an
intensivist-led team, including ICU attending
physicians and fellows, anesthesia and surgery
residents, a pharmacist, and nurses. The intensivist-lead team visits every patient daily in
the ICU to review patient information and to
develop a care plan for the day. The nurse/
patient staffing ratio is 1:1 or 1:2. The patient’s
primary nurse is routinely present during cen-

tral catheter insertion in both ICUs. This patient care model did not change during the
study period. The management of central venous catheters once they are inserted did not
change during the study period, with the exception of the change in daily patient visits in
the study SICU to ask whether catheters could
be removed. We did not replace or exchange
catheters over a guidewire at scheduled time
intervals. The decision to replace or exchange
catheters over a guidewire if the patient developed evidence of a systemic infection was at
the discretion of the critical care team in the
ICU. In general, we exchanged catheters over a
guidewire if the patient demonstrated evidence of a systemic infection, the catheter
malfunctioned, or we changed to a catheter
with fewer lumens. If the patient developed
significant hemodynamic instability, we generally replaced the catheters, established a new
site, and sent the intradermal portion of the
old central catheters for culture. The study
population included all patients with a percutaneous central venous catheter in the ICU. All
percutaneous central venous catheters for intravenous fluid, medication, dialysis, or administration of total parenteral nutrition were
included. Our CR-BSI rates do not include
tunneled catheter or central arterial catheter
infections. The institutional review board at
our institution approved the study and waived
the need for informed consent.
Measures. The primary outcome variable
was the rate of CR-BSIs per 1,000 catheter
days. Hospital epidemiology and infection
control (HEIC) at our institution defines catheter-related nosocomial bloodstream infections using National Nosocomial Infection
Surveillance System (CDC)-based definitions
(3). Surveillance is performed prospectively by
trained infection control practitioners. Catheter-related infections are attributed to patients
who have a central venous catheter and who
have been in the ICU for at least 48 hrs.
Patients with a central venous catheter who
develop a bloodstream infection within 48 hrs
of ICU discharge also have a CR-BSI. Secondary outcome variables included adherence to
evidence-based infection control practices
during central venous catheter insertion. We
also interviewed SICU nurses to evaluate their
perception of the burden of our intervention.
Data were collected from January 1, 1998,
through December 31, 2002.
Improvement Model. We created an interdisciplinary team including the SICU codirectors, ICU physicians, nurses, and infection control practitioners to gain visibility and
credibility for this initiative. We based these
interventions on the conceptual model for adhering to practice guidelines developed by Cabana et al. (11) that seeks to evaluate physician
awareness, agreement, and ability to use a
guideline. We also used principles from the
human factors literature in patient safety to
enhance physicians’ ability to comply with the
CDC guidelines (12). Specifically, we sought to
enhance provider awareness, to reduce com-
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plexity, to create independent redundancies,
and to empower nurses to enforce adherence
to evidence-based infection control practices
and to ensure patients receive those therapies
that they ought to receive.
Our SICU team’s improvement model included five interventions: a) implementing an
educational intervention to increase provider
awareness of evidence-based infection control
practices for inserting and maintaining central catheters; b) creating a catheter insertion
cart to make it easier for providers to obtain
all of the materials needed to follow CDC
guidelines for sterile central venous catheter
insertion; c) asking daily whether central venous catheters can be removed; d) implementing a checklist to ensure adherence to evidence-based guidelines for preventing CRBSIs; and e) empowering nurses to stop the
procedure if evidence-based guidelines are not
followed.

Intervention 1: Implementing an
Educational Intervention to
Increase Provider Awareness of
Evidence-Based Infection
Control Practices (Introduced:
February 1999)
Reducing nosocomial infections has been
a major focus at our institution. As part of
this effort, HEIC adopted nationally recognized definitions for CR-BSIs in January
1998 and provided feedback of CR-BSI rates
to all ICUs. In February 1999, HEIC developed, in collaboration with clinicians, and
the hospital’s Medical Board passed a
vascular access device policy based on the
CDC guidelines (www.hopkins-heic.org/
prevention/vad.html). The procedures detailed in this policy include the standard
requirements for training, vascular access
device site selection, insertion, site assessment, dressing change requirements, documentation requirements, appropriate flushing procedures, tubing replacement, and
central catheter removal and/or replacement requirements. As part of this policy, in
October 2000, all physicians or physician
extenders who insert central catheters were
required to complete a Web-based training
module and successfully complete a tenquestion test before they were allowed to
insert a central venous catheter in our institution. The Web-based training module
(www.hopkins-heic.org) was designed to increase provider awareness of evidence-based
infection control practices, including appropriate use of hand hygiene, chlorhexidine
skin preparation, full-barrier precautions
during central venous catheter insertion,
subclavian vein placement as the preferred
site, maintaining a sterile field while inserting the catheter, and the care of central
catheters once inserted. In 2002, proof of
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completion of the module was required before physician received credentials. In addition, HEIC staff provided 16 lectures for
nurses and five for doctors to reinforce these
evidence-based practices. CR-BSI rates were
posted in the SICU for providers to see. The
vascular access device policy was revised in
September of 2002 to incorporate changes
from the CDC, Society of Critical Care Medicine, Society of Healthcare Epidemiologists
of America, and Infectious Disease Society of
America prevention of catheter infection
guidelines (9).

Intervention 2: Creating a
Central Catheter Insertion Cart
(Introduced: June 1999)
We identified that a potential barrier to
compliance with the evidence-based practices
was that physicians in the study SICU had to
go to eight different places to collect the
equipment needed to comply with the CDC
guidelines. We hypothesized that we could improve compliance by decreasing the number of
steps required. To test our hypothesis, we
created a central catheter insertion cart that
contained the equipment and supplies
needed and, thereby, reduced the number of
steps required for compliance from eight to
one. Our central catheter insertion cart has
four drawers with partitions to organize the
contents, and the cart can be rolled to the
patient’s room. To ensure that the central
catheter cart is stocked at all times, our
support associate stocks the cart every 4 hrs
from the ICU supply room and signs off on
the checklist located on top of the cart. At
our institution, support associates are indirect care providers with a high school diploma, or equivalent degree, who assist
nursing staff with a variety of environmental, nutritional, clinical, and transportation
services.

Intervention 3: Asking Providers
Daily Whether Catheters Can
Be Removed (Introduced: June
2001)
One of the most effective strategies for
preventing CR-BSIs is to eliminate, or at least
reduce, exposure to central venous catheters.
The decision regarding the need for a catheter
is complex and, therefore, difficult to standardize into a practice guideline. Nonetheless,
to reduce exposure to central venous catheters, the ICU team in the study ICU asked daily
during patient rounds whether any catheters
or tubes could be removed. To ensure that this
question was asked, we added it to the rounding form, called the daily goals form, which is
used to develop daily care plans for patients in
our SICU (13, 14).

Intervention 4: Implementing a
Checklist to Be Completed by
the Bedside Nurse (Introduced:
November 2001)
To help ensure compliance with the evidence-based guidelines for central catheter insertion, we developed a standardized checklist
to be completed by the bedside nurse during
central venous catheter insertion in the study
SICU (Appendix). We pilot tested the checklist
in the SICU for 1 wk and interviewed ten SICU
nurses, using a convenience sample, regarding
the clarity of the form, burden of data collection, and the need for modification. Based on
this feedback, we modified the form and provided in-services to the study SICU nursing
staff.
We then implemented the checklist in two
phases. During the first phase, we asked SICU
nursing staff for 2 wks to observe the physicians during catheter placement and to complete the checklist for each procedure. Physicians were not aware that they were being
observed during the first phase. We audited
the percentage of central venous catheter insertions that had the checklist completed. We
also interviewed ten SICU nurses who had
completed the checklist to evaluate their perceptions of the form, the burden, and the
average time to complete the form.

Intervention 5: Empowering
Nurses to Stop Procedures if
Guidelines Were Not Followed
(Introduced: December 2001)
During the second phase, we modified the
checklist and asked nursing staff to continue
to observe the physician during central venous
catheter placement. In this phase, we informed the residents that the checklist was
being implemented and we empowered SICU
nurses to stop the procedure, except in an
emergency, if they observed a violation in
compliance with the evidence-based guidelines. The nursing staff indicated if the procedure was stopped on the modified checklist.
To decrease the burden of data collection, we
did not collect data on the nature of the violation. Finally, we discussed with both residents and nurses that the nurse should page
the SICU attending physician if the resident,
after the nurse identifies a violation, fails to
correct the violation.

Control ICU
The only intervention in the control ICU
during the study period was the institutional
educational intervention to increase provider
awareness of evidence-based infection control
practices for inserting and maintaining central catheters.
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Analysis and Interpretation
We calculated the rate of adherence to evidence-based practices during a 2-wk observation period when the checklist was implemented and the percent of central venous
catheter insertions that required nursing intervention for a violation in compliance for 1
month. The rates of CR-BSIs were calculated
by dividing the number of infections identified
by a risk-adjusted denominator—1,000 catheter days (3, 15). We obtained the denominators
from an administrative database, which was
validated by the infection control practitioners. Catheter days are calculated by counting
every patient with a central catheter at midnight. Only one catheter per patient is included. We followed the rate of CR-BSIs per
1,000 catheter days from January 1,1998,
through December 31, 2002, using a control
chart (16). A Poisson regression model with a
spline was used to model the change in infection rates over time in the control and intervention groups. A knot was included at the
first quarter of 1999, i.e., the point at which
the intervention was introduced into the
SICU. The regression model included six covariates, allowing the intervention and control
groups to each have its own intercepts, slopes
before the knot, and slopes after the knot. To
assess the effect of the intervention, we tested
whether the slopes after the knot were equivalent. The group-specific parameters (e.g.,
slopes) were compared using Student’s t-tests,
with a two-sided ␣ level of 0.05.

Estimated Savings
Estimates of attributable morbidity, mortality, and costs of care for CR-BSIs vary. To
estimate the number of CR-BSIs that we may
have prevented and the potential savings as a
result of our improvement, we used mean
published estimates (ranges): 18% (0% to
35%) mortality and extra costs of $45,254
($34,508 –$56,000) per CR-BSI. These estimates are consistent with those cited by the
2002 Guidelines for the Prevention of Intravascular Catheter-Related Infections (9).

RESULTS
During the 2-wk observation period
before we implemented the checklist,
nursing completed the checklist for 26
procedures: eight (31%) for new central
venous access and 18 (69%) for catheter
exchanges over a wire. None of the procedures were emergent. Overall, we
found that physicians were compliant in
all of the evidence-based infection control
guidelines during 62% of the observed
procedures (Table 1). The SICU nurses
interviewed recommended a few minor
Crit Care Med 2004 Vol. 32, No. 10

changes to improve the clarity of the central catheter insertion checklist.
The SICU leadership then empowered
nurses to stop the procedure if they
observed a violation in compliance with
the evidence-based guidelines. During
the first month, nursing completed the
checklist for 38 procedures: eight (24%)
for new central venous access, 30 (79%)
for catheter exchanges over a wire, and
three (8%) were emergent. A nursing intervention was required in 32% (12/38) of
central venous catheter insertions. All
providers interviewed reported that the
format of the central catheter insertion
checklist was easy to understand and
could be completed in ⬍3 mins. The
SICU nurses also indicated that they
found the form helpful in that they were
more comfortable intervening if they observed a violation, because they felt that
an expectation had been set and as a
result, they were less likely to have an
uncomfortable encounter with the physician inserting the central venous catheter.
During the study period, 22,785 patient days and 19,905 catheter days were
included in the study SICU. In the control ICU, 21,964 patient days and 17,383
catheter days were included.
The CR-BSI rate in the study ICU was
11.3/1,000 catheter days in the first quarter of 1998 and 0/1,000 catheter days in
the fourth quarter of 2002. The CR-BSI
rate in the control group was 5.7/1,000
catheter days in the first quarter of 1998
and 1.6/1,000 catheter days in the fourth
quarter of 2002. The fitted Poisson regression model is shown in Figure 1. Before quarter 5, the slope in the intervention arm equaled 0.046 (p ⫽ .48) and the
slope in the control arm equaled 0.08 (p
⫽ .41). There were no significant differences found when comparing the intercepts (p ⫽ .11) and the slopes before
quarter 5 (p ⫽ .80).
Our improvement in performance was
sustained. Between January 2003 and
April 2004, there were two CR-BSIs in the
study SICU or 0.54/1,000 catheter days,
and we have not had a CR-BSI in ⬎9
months. The educational intervention,
central catheter insertion cart, daily goals
form, and checklist are now routinely
used in our SICU. As a result of this
improvement, we estimate that in our
SICU alone, we may have prevented up to
43 CR-BSIs, eight (0 –15) deaths, and
$1,945,922 ($1,483,844 –$2,408,000) in
additional costs per year.

Table 1. Baseline surgical intensive care unit
compliance with evidence-based infection control guidelines
Guideline

n (%)

Cleaned hands
Sterilized procedure site
Draped patient in sterile fashion
Used hat, mask, and sterile gown
Used sterile gloves
Applied sterile dressing
Compliance with all guidelines

16 (62)
26 (100)
22 (85)
24 (92)
26 (100)
26 (100)
16 (62)

DISCUSSION
In many healthcare settings, evidencebased clinical practice guidelines have
been developed but bridging the gap between best evidence and best practice has
been a struggle (11). In our SICU, we
used five simple and inexpensive interventions to increase compliance with evidence-based infection control practices
and dramatically decreased the rate of
CR-BSIs in our SICU, whereas the rates
in a control ICU were unchanged. Our
improvements likely translate into significant reductions in patient morbidity,
mortality, and costs of care in our SICU.
There is debate whether CR-BSIs can
be eliminated or whether ICUs should
strive to achieve a benchmark, such as
the National Nosocomial Infections Surveillance 50th percentile for similar patient populations. Although we, and others, believed that zero CR-BSIs should be
the goal, we were unsure if we could
achieve that performance. In this study,
we demonstrated that it is possible to
nearly eliminate CR-BSIs; therefore, we
should not accept National Nosocomial
Infections Surveillance mean values as a
measure of success, but rather, we should
shift our focus on zero harm. Given the
significant morbidity, mortality, and
costs associated the CR-BSIs, broad application of this intervention may improve clinical and economic outcomes for
hospitalized patients.
There were several important lessons
from this initiative that can be incorporated into future efforts to improve ICU
care. First, we reduced our rate of CRBSIs using relatively simple and inexpensive interventions, as opposed to implementing more expensive interventions,
such as antibiotic/antiseptic catheters.
For interventions to work in the busy
world of clinical practice, they should be
simple to implement. By changing systems rather than exhorting providers to
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Figure 1. Catheter-related bloodstream infection rates in the surgical intensive care unit (ICU) and
control ICU (1998 –2002). The rate of catheter-related bloodstream infections per 1,000 catheter days
observed in the intervention (intervention, obsd) and control (control, obsd) groups. A Poisson
regression model with a spline was used to model the change in infection rates over time in the
intervention (intervention, fitted) and control (control, fitted) groups. There were no significant
differences found when comparing the intercepts (p ⫽ .11) and the slopes before the knot at quarter
5 (p ⫽ .80). After quarter 5, the slope in the intervention arm equaled ⫺0.12 (p ⬍ .001) and the slope
in the control arm equaled ⫺0.013 (p ⫽ .56). VAD, vascular access device; obsd, observed.

comply with guidelines, we can help ensure that patients receive effective therapies. For example, it was difficult to write
a detailed guideline regarding the need
for a central venous catheter; there are
too many decisions to account for. It is
unlikely that detailed guidelines would be
practical for complex decisions, such as
ICU admission and discharge, extubation,
and use of catheters (17). Rather, we simply asked physicians to consider daily
whether central catheters could be removed, highlighting the risk of catheters
yet allowing physicians to use their clinical judgment.
Second, because each step in a process
has an independent probability of failure,
care processes that require more steps
are more likely to fail than processes that
require fewer steps (12). As a result, efforts to improve safety whether in health
care or other industries focus on reducing or eliminating steps in a process (18).
We found that providers had to go to
eight different places within our SICU to
gather the supplies needed to comply
with the evidence-based infection control
practices. As a result, providers often
omitted steps, especially when busy. By
introducing a central catheter cart, we
reduced the complexity by decreasing the
2018

number of steps in the process. Given the
complexity of ICU care, this concept has
broad applicability.
Third, creating independent redundancies, through the use of a checklist, is
an effective technique to ensure that patients receive the care processes they
should receive. Checklists are used extensively in aviation (18) to create independent redundancies for key steps in a process. With the central catheter insertion
checklist, nurses serve as an independent,
redundant check to help ensure physician
adherence. When the improvement team
first introduced the CR-BSI checklist,
staff expressed concern. Barriers identified included the following: a) the nurses
perception that their job was not to police
residents; and b) the residents perception
that credibility and authority would be
challenged if they were critiqued or corrected by nursing staff. The SICU leadership met with both groups of providers
and emphasized our focus on patient
safety and teamwork. When presented in
this light, residents and nurses understood that they need to work together to
ensure patient safety. In addition, HEIC
required leaders from hospital administration to support the initiative and pro-

vide the SICU with the additional resources required.
Fourth, we must have a culture that
supports patient safety. Although efforts
to improve interpersonal communication
have resulted in improved aviation safety
(18, 19), health care lags behind where
the culture is still hierarchical (20). Although we did not formally train staff in
interpersonal or communication skills,
successful implementation of the checklist requires these skills and provides a
means to learn teamwork skills experientially. We are observing that the teamwork skills developed through the use of
the checklist are spilling over to other
areas. In addition, our results highlight
the importance of collaboration between
hospital level services, such as HEIC, and
ICU clinical services.
We recognize several limitations of
our study. First, the pre- and post-study
design may not have accounted for other
confounding factors that may have decreased our CR-BSI rate, independent of
our interventions. For example, we did
not collect standardized measures of patient acuity to allow comparison of patient severity of illness or patient demographic characteristics over time or to
determine whether patients in the study
ICU were sicker than patients in the control ICU. The members of our improvement team, which include the SICU codirectors and active SICU nursing staff,
are not aware of other changes in practice
or changes in our surgical patient population during the study period. In the
absence of a new patient product-line,
risk adjusted severity of illness tends to
change little over time (21) and, therefore, is unlikely to jeopardize the validity
of our results.
Second, we do not know the nurses’
rate of adherence with completing the
checklist following the observation period. Our ICUs do not routinely collect
data for the number of central venous
catheter insertions or the number of
guidewire exchanges. Nonetheless, on average nurses complete 20 –30 checklists
every 2 wks and there is a relatively constant 15% to 25% violation rate in our
SICU, likely reflecting the fact that our
residents rotate through our ICU. In addition, we did not collect data about the
nature of infection control practice violations following the observation period,
whether the catheter was inserted in the
operating room or ICU, the duration of
catheterization, or antibiotic use during
the study period. Although this informaCrit Care Med 2004 Vol. 32, No. 10

M

ultifaceted interventions that
helped to en-

sure adherence with evidencebased infection control guidelines

nearly

eliminated

catheter-related bloodstream
infections in our surgical intensive care unit.
tion would be helpful in guiding future
improvement efforts, we accomplished
the goal: reducing the CR-BSI rate. Furthermore, the ongoing need for reinforcement of best practice is supported by
these findings.
Third, we did not evaluate other evidence-based interventions for reducing
CR-BSIs. For example, we discussed the
use of antimicrobial-coated catheters and
decided to first ensure that we were compliant with simple and inexpensive interventions known to reduce CR-BSI rates
before escalating to more expensive interventions. Our strategy is consistent with
current guidelines that recommend antimicrobial-coated catheters in adults
when the CR-BSI rate remains above the
goal set by the individual institution
based on benchmark rates after standard
procedures have been implemented and
then balanced against the concern for
emergence of resistant pathogens (9). In
addition, some of our interventions may
have been more effective than others, and
we may have been able to achieve our
results without all five interventions or if
we implemented the interventions in a
different sequence.
Fourth, we evaluated interventions in
a surgical ICU at an academic medical
center, potentially limiting the ability to
generalize. Nonetheless, our interventions were effective and were not burdensome or expensive and, therefore, can be
widely applied. Although we did not
quantify the impact of our interventions
on nursing time in our ICU, the overwhelming impression among nursing
staff and the nurse manager (KE) is that
the ongoing burden is minimal and the
checklist can be completed in ⬍2 mins.
In fact, several ICU nurses indicated that
Crit Care Med 2004 Vol. 32, No. 10

the central catheter cart saved them time
because they did not have to go to multiple locations to gather supplies. In addition, these interventions have been
subsequently implemented in the control
ICU with similar results and at other institutions as part of collaborative projects
sponsored by VHA, Inc., and the Institute
for Healthcare Improvement.
Finally, we assumed that each patient
has only one central catheter, and as a
result, we may have underestimated our
CR-BSI rate, the number of CR-BSIs prevented, and the potential savings. For example, a patient may have two or more
central catheters on a single day but
would be counted as having one catheter
day. In addition, we were not able to
account for patients who developed more
than one CR-BSI in our statistical analysis. However, the rate of autocorrelation
among patients was low (113 patients developed 126 CR-BSIs in the study ICU,
and 140 patients developed 167 CR-BSIs
in the control ICU) and, therefore, would
not be expected to impact upon our results (16). In addition, we do not have the
patient level data required to exclude duplicate patients from the denominator
(catheter days). Nevertheless, we re-ran
our analysis excluding duplicate CR-BSIs
from the numerator, and the statistical
inference was unchanged.

CONCLUSIONS
Catheter-related bloodstream infections are a preventable cause of morbidity
and mortality in critically ill patients. Although debate continues about the extent
to which CR-BSIs are preventable, our
study demonstrates that they can be
nearly eliminated. Our improvement
model combined traditional infection
control strategies with improvement
models designed to ensure provider adherence with evidence-based guidelines.
We included interventions that enhanced
provider awareness, reduced complexity,
created independent redundancies, and
empowered nurses to enforce adherence
to evidence-based infection control practices to nearly eliminate CR-BSIs in our
SICU. These interventions can be implemented in other ICUs and in many acute
care sites to reduce nosocomial complications, length of stay, and costs of hospital care.
We acknowledge the tremendous efforts of the ICU team. These improvements would not have been possible without their dedication to improving patient

care. We thank Xioayan Song, MD, and
Ann Richards in Hospital Epidemiology
and Infection Control for providing us
with data. The authors would also like to
thank Jeanne Kowalski, Assistant Professor, Department of Oncology, Johns Hopkins University for statistical review.
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reduce the rate of CLA-BSI among children with long-term CVC (PICC or tunneled catheters) may be needed.
Strategies we are considering include 1) reducing the frequency of CVC access; 2) modifying the protocol for CVC
hub preparation prior to access; and 3) establishing a dedicated catheter-care team.

Vancomycin-Resistant Enterococcus (VRE) Primary Bacteremia
Associated with Dialysis Catheter Access
P Ghazarian*
M Fulton
H Goodpasture
Via-Christi Regional Medical Center, Wichita, Kansas

BACKGROUND: From April 1998 to March 2000, nine patients at Via Christi Regional Medical Center (VCRMC)
experienced VRE primary bacteremia (PB). Seven of these infections occurred between May 1, 1999, and March 1,
2000. Six were dialysis patients who were cared for by one of the two dialysis providers at VCRMC.
METHODS: Investigation included retrospective chart review of the infected patients, analysis of surveillance data,
review of dialysis policies, and direct observations of the dialysis procedures for both providers.
RESULTS: Both providers had similar patient volumes. There was no statistical difference in the VRE colonization
rate between the two. The seven strains of VRE were different by pulsed-ﬁeld gel electrophoresis. The policies for
VRE patient care were similar. Observation of the dialysis units found both to be crowded with less-than-optimal
facilities for handwashing, storage, and adequate spatial separation of patients. Breaks in technique and variance
from stated polices were the same for both providers. The major difference identiﬁed was that the dialysis
provider with no cases VRE PB used sterile dressings and sterile gloves during the dressing change, whereas the
other provider did not.
CONCLUSIONS: The affected provider group implemented sterile dressings and sterile gloves during dressing
changes. The incidence of VRE PB disappeared and has not reoccurred in more than 18 months of follow-up.
Although we did not perform environmental cultures, VRE is known to contaminate the environment. Touch
contamination during dressing changes under less-than-optimal conditions may lead to PB. Using sterile
technique may prevent cross-contamination in dialysis setting.

Continuing Evolution of Multidisciplinary Approach to Prevention of
Central Line–Associated Bacteremias
LL Fauerbach*
C Ruse
MA Gross
R Kelly
D Danek
L Larson
J Janelle
Shands Hospital at the University of Florida, Gainesville, Florida

ISSUE: Prevention of central line–associated bacteremias (BSIc) is a major focus for our 570-bed tertiary/
transplant center. Historical risk-reduction strategies include: use of antimicrobial impregnated CVL, CVL
insertion tray designed to facilitate total barrier technique compliance, and use of 0.5% chlorhexidine gluconate

May 2004

E41

and 70% alcohol solution (0.5% CHG) for site prep. Our rates increased following market removal of 0.5% CHG.
When new 2 % CHG skin prep solution (2% CHG and 70% alcohol) and a CHG–impregnated patch became
available, studies to determine impact of these new products were initiated.
PROJECT: BSIc surveillance was performed by infection control professionals according to CDC deﬁnitions and
reported quarterly. Initially, CVL utilization was 151 patients/per day had at least one CVL. Staff was educated
about each new product prior to implementation. The skin prep was ﬁrst changed to 2% CHG. Subsequently,
CHG–impregnated patch was introduced.
RESULTS: During the study, CVL utilization increased to 220 patients/day with a CVL. Introduction of 2% CHG prep
plus the CHG patch resulted in an overall 31% reduction in BSIc, of which a 16% reduction was attributable to the
CHG patch. This reduction resulted in averting 135 infections and cost aversion of $2.5 million.
LESSONS LEARNED: Implementing new technologies for reducing BSIc must be an ongoing process. The use of
2% CHG skin prep and a CHG-impregnated patch signiﬁcantly reduced BSIc in our setting. Evaluation and
comparison to hospital-speciﬁc baseline data is important to determine the impact of the changes on patient
safety and cost management.

Skin Health Improvements Associated with Use of Nitrile Exam Gloves
with Dermal Therapy Coating
D Davis*
R Harper
Cardinal Health, McGaw Park, Illinois
DermTech International, San Diego, California

BACKGROUND: The association between irritated, damaged skin on the hands of healthcare workers (HCWs) and
increased risk of transmission of healthcare-associated infections has led the Centers for Disease Control and
Prevention to recommend the use of products that help maintain skin integrity.
METHOD: Nitrile exam gloves coated with ingredients involved in skin repair, moisturization, and protection of the
skin’s barrier properties were studied to determine the effect use of these gloves has on the hands of HCWs with
compromised skin. Twenty-six HCWs with dry skin wore a nitrile exam glove with a coating comprised of
ingredients proven to have beneﬁcial effects on skin health on one hand and an equivalent nitrile exam glove
without the coating on the other.
RESULTS: After 12 successive 15-minute wear periods (each time with new gloves), measurements of skin
moisture, erythema, transepidermal water loss, and overall skin dryness were taken from both hands of each
subject at baseline and following the ﬁnal wear period. Nitrile exam gloves with dermal therapy coating produced
quantiﬁable improvements in the skin of clinicians with dry, compromised skin. Wearing exam gloves with the
dermal therapy coating resulted in a greater improvement in skin moisturization, produced less erythema,
reduced skin ﬂaking, and did not increase water loss through the skin.
CONCLUSIONS: Routine use of exam gloves with this dermal therapy coating has the potential to improve
clinicians’ skin and contribute to a reduction in the number of healthcare-associated infections by reducing
scaliness of the skin and improving overall skin wellness.

Comparison between Glutaraldehyde and Ortho-Phthalaldehyde Air Levels
during Endoscopic Procedures
C Marena*

DOING IT
BETTER
Putting research into practice

Cutting surgical-site infection rates for
pacemakers and ICDs
BY BETH A.TAYLOR, RN,BC, CVNII

OUR HEART CENTER placed 477
permanent pacemakers or implantable cardioverter-defibrillators
(ICDs) in 2003. Out of those
surgeries, we received six reports
of surgical-site infections. That
was six too many. Because I’m the
patient-care specialist in the invasive heart lab, my unit director
asked me to research the situation
and improve our process to prevent infections.
In this article, I’ll tell you the steps
I took, the evidence-based improvements we made, and the results we
achieved.
Getting started
As a first step, my unit director, the
technical specialist, our facility’s infection control nurse, and I met to
review the six infection cases. I
compared our infection/complication
benchmarks with those of two other
facilities, reviewed the literature, and
studied recommendations by the
Centers for Disease Control and Prevention (CDC) and the Association
of periOperative Registered Nurses
(AORN). I then compared our facility’s policies with recommendations
issued by these organizations.
Gathering information
By reviewing the literature, I learned
that perhaps 40% to 60% of surgicalsite infections are preventable. I also
found information about risk factors
for surgical-site infections, as follows:
• Patient risk factors include advanced age, poor nutritional status,
diabetes, smoking, obesity, other infections at a remote body site, colonization with microorganisms, altered immune response, and longer
18
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blood glucose level.
I learned that to be
most effective, the
antibiotic must be
given within an hour
before the incision.
Device placed
beneath skin in
When our heart cenpectoral region
ter’s data department
graphed the antibiotic infused in relation
to the time of incision, we learned that
this timing was variable in our facility.
I also asked our
pharmacists for information about the
preoperative stay. Some of these fac- antibiotics we were using, cefuroxtors couldn’t be modified on an
ime sodium (Zinacef) and vanemergent basis; others could be.
comycin. Based on the evidence• Surgical factors affecting infection
based research I reviewed, I believed
risk include duration of surgical
that we were underdosing our carhand scrub, scrub technique used
diac patients.
on the surgical site, timing and
method of preoperative shaving,
Investigating environmental factors
preoperative skin preparation soluAs part of my research, I contacted
tion, duration of surgery, antimiour hospital’s heating and cooling
crobial prophylaxis, OR ventilation, department to discuss the ventilaforeign material in the surgical site
tion in our pacemaker/ICD insertion
(such as a surgical drain), and
room. I learned that we met all CDC
quality of aseptic technique. We de- guidelines for proper air exchanges
cided to focus on those surgical
and filter changes.
factors that we could usually modI also contacted the housekeeping
ify.
department, which cleans the surgiNext, I reviewed all charts in med- cal room between procedures and
ical records of patients receiving
cleans the walls on weekends. I asked
pacemakers or ICDs from January 1
them to send documentation of wall
to March 30. I noted the antibiotic
cleaning to my unit director each
used, the dose given, the time it was
month. I found that our protocol met
given compared with the time the
AORN recommendations, which call
incision was made, the procedure
for cleaning the immediate vicinity of
used, the length of the surgery,
the surgery and outward until no
patient age, and whether the patient
debris is visible after each surgery.
was diabetic. If the patient was diaWalls need to be cleaned between
betic, I also noted his preoperative
procedures only if they’re splattered,
www.nursing2006.com

which normally doesn’t occur with
pacemaker and ICD insertions.
Assembly of experts
I organized a panel of our heart
center’s experts for a question-andanswer session focused on preventing surgical infections. The panel
consisted of two infectious-disease
physicians, the nurse who works
with them, and our facility’s infection control nurse. Also attending
were nurses involved in surgical,
preoperative, or postoperative care.
The panel made several recommendations:
• We needed to improve the timing
of the antibiotic administration so

agreed to switch from Betadine to
ChloraPrep after reading the literature I’d given them. The surgeons
also agreed to adjust the preoperative dose of cefuroxime sodium
from 750 mg to 1.5 grams unless
renal function is impaired. (We
continue to use vancomycin for
any patient who’s allergic to penicillins or cephalosporins. We have
the nurses in the unit start it on
call because it takes at least an
hour to infuse.)

Hair affairs
Under our new policy, we no
longer shave patients before pacemaker or ICD insertion. If hair
must be removed, we
We needed to improve the timing of the antibiotic
clip (not
administration so infusions would begin less than
shave) with
clippers (not
1 hour before an incision is made.
a razor) as
close to the
infusions would begin less than 1
time of surgery as possible in the
hour before an incision is made.
preparation area, rather than in the
• We needed to change our skin
surgical suite. I involved our staff
preparation solution from povidone- in conducting trials of two different
iodine (Betadine) to chlorhexidine
brands of clippers and let them
gluconate and isopropyl alcohol
choose which brand to purchase.
(ChloraPrep). Although Betadine is
clinically acceptable, ChloraPrep
Timing is everything
has been proven to be much more
Another significant change ineffective.
volved the timing of prophylactic
• We needed to change our shaving
antibiotics. The optimum time for
policy. Previously we’d routinely
administering them is within 1
shaved our patients’ chests in the
hour of incision. In 2003, we met
preparation area. The AORN recom- this standard only 30% to 40% of
mends not shaving at all because
the time. In 2005, we met this
microscopic abrasions increase the
standard 89% of the time.
infection risk.
Our goal is for the surgeon to
make the incision within 30 minSpreading the word
utes after the antibiotic infusion is
I compiled packets about the adcomplete. We’re accomplishing this
vantages of ChloraPrep and proper
by giving the antibiotic ourselves in
antibiotic dosing and distributed
the preparation area instead of havthem to the cardiac catheterization
ing the unit nurse start the antibiotlab and the cardiovascular suric when the patient is called to
geons. The cardiac catheterization
surgery.
lab personnel and the surgeons
To educate staff throughout the
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facility about our improvement
efforts, I’ve made presentations to
various clinical and quality control
committees. I’ve also distributed
learning packets to all nursing units
that care for our pacemaker/ICD
patients before and after the insertion procedure. Preventing surgical
infections is an ongoing team effort.
Dramatic success
The evidence-based improvements
in our heart lab protocols have
yielded dramatic results. For 22
months, we had no infections—a
zero percent infection rate. At the
end of 2005, we had two infections
out of 632 pacemaker/ICD surgeries performed. We believe that
one of these was due to the patient
habitually touching the site and
the other one was also unrelated to
nursing care.
Because we made several
improvements at once (changing
the solution preparation, antibiotic
dose and timing, and shaving policy), we can’t say for sure which
were more influential. But we can
say that by adhering to key
evidence-based standards and protocols, we’re protecting our patients
from avoidable infections.‹›
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2% Chlorhexidine Gluconate in 70% Isopropyl Alcohol Donor Arm Scrub
Validation
Blood Systems, Inc.
October, 2004
Mona Wilkins, MT(ASCP)HP; Sheryl Kempin, RN; Linda Laukaitis, RN, MGA

Background: In 1994 a large multi center blood collection facility compared the
two-step Blood Donor Prep Kit (70% alcohol Sepp® and a 2% iodine tincture
Frepp®) to 10% povidone-iodine. Positive skin cultures were lowest using the
Blood Donor Prep Kit. As a result of this validation the blood center switched
donor arm prep agents.
In 2003 the US Food and Drug Administration (FDA) issued “Options for Arm
Preparation”, which detailed FDA approved arm preparation procedures. The
blood center conducted a Donor Arm Prep validation in 3 facilities comparing two
of the four approved arm prep procedures. The objective was to determine the
efficiency of 2% chlorhexidine in 70% isopropyl alcohol (ChloraPrep® 1.5 mL
Frepp® Applicator) to their current two-step Blood Donor Prep Kit.
Study Design: The validation was divided into two parts. First, a site was
selected to do a focused validation that required one specifically trained
individual to do side-by-side scrubs and collect skin cultures for colony counts on
40 different volunteers/potential donors. The second part of the validation
occurred in two additional sites where several different individuals were trained to
do side-by-side scrubs and collect skin cultures for colony counts on 100 different
volunteers/potential donors per site.
RESULTS:
Arm
Preparation
Agent

Site 1
n=40

CHG/IPA

36 no growth
4 growth ≤ 10 CFU

Blood Donor
Prep Kit

31 no growth
9 growth ≤ 10 CFU

Site 2*
n=100
86 no growth
3 growth ≤ 10 CFU
11 growth > 10 CFU
88 no growth
4 growth ≤ 10 CFU
8 growth > 10 CFU

Site 3
n=100
99 no growth
1 growth ≤ 10 CFU
98 no growth
2 growth ≤ 10 CFU

*Discrepancies in sampling errors and collection area contamination

Conclusion: The 2% chlorhexidine in 70% isopropyl (CHG/IPA) alcohol solution
demonstrated efficacy comparable to the Blood Donor Prep Kit. The CHG/IPA
prep offers the following advantages; 1) a one-step prep procedure, therefore
reducing donor arm preparation time and 2) an alternative prep for donors
allergic to iodine.

