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PATIENTS ADMITTED TO THE IN-
tensive care unit (ICU) usually
require insertion of central ve-
nous catheters (CVCs). In Eu-

rope, the incidence density of CVC-
related bloodstream infections ranges
from 1 to 3.1 per 1000 patient-days.1 In
the United States, 15 million CVC-days
are estimated to occur each year in ICU
patients, as well as approximately 80 000

See also p 1285 and Patient Page.
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Context Use of a chlorhexidine gluconate–impregnated sponge (CHGIS) in intra-
vascular catheter dressings may reduce catheter-related infections (CRIs). Changing
catheter dressings every 3 days may be more frequent than necessary.

Objective To assess superiority of CHGIS dressings regarding the rate of major CRIs
(clinical sepsis with or without bloodstream infection) and noninferiority (less than 3%
colonization-rate increase) of 7-day vs 3-day dressing changes.

Design, Setting, and Patients Assessor-blind, 2�2 factorial, randomized con-
trolled trial conducted from December 2006 through June 2008 and recruiting pa-
tients from 7 intensive care units in 3 university and 2 general hospitals in France. Pa-
tients were adults (�18 years) expected to require an arterial catheter, central-vein
catheter, or both inserted for 48 hours or longer.

Interventions Use of CHGIS vs standard dressings (controls). Scheduled change of
unsoiled adherent dressings every 3 vs every 7 days, with immediate change of any
soiled or leaking dressings.

Main Outcome Measures Major CRIs for comparison of CHGIS vs control dress-
ings; colonization rate for comparison of 3- vs 7-day dressing changes.

Results Of 2095 eligible patients, 1636 (3778 catheters, 28 931 catheter-days) could
be evaluated. The median duration of catheter insertion was 6 (interquartile range [IQR],
4-10) days. There was no interaction between the interventions. Use of CHGIS dressings
decreased the rates of major CRIs (10/1953 [0.5%], 0.6 per 1000 catheter-days vs 19/
1825 [1.1%], 1.4 per 1000 catheter-days; hazard ratio [HR], 0.39 [95% confidence in-
terval {CI}, 0.17-0.93]; P=.03) and catheter-related bloodstream infections (6/1953 cath-
eters, 0.40 per 1000 catheter-days vs 17/1825 catheters, 1.3 per 1000 catheter-days; HR,
0.24 [95% CI, 0.09-0.65]). Use of CHGIS dressings was not associated with greater re-
sistance of bacteria in skin samples at catheter removal. Severe CHGIS-associated contact
dermatitisoccurred in8patients (5.3per1000catheters).UseofCHGISdressingsprevented
1majorCRIper117catheters.Cathetercolonizationrateswere142of1657catheters(7.8%)
in the 3-day group (10.4 per 1000 catheter-days) and 168 of 1828 catheters (8.6%) in
the7-daygroup (11.0per1000catheter-days), ameanabsolutedifferenceof0.8%(95%
CI, −1.78% to 2.15%) (HR, 0.99; 95% CI, 0.77-1.28), indicating noninferiority of 7-day
changes.Themediannumberofdressingchangespercatheterwas4(IQR,3-6) in the3-day
group and 3 (IQR, 2-5) in the 7-day group (P� .001).

Conclusions Use of CHGIS dressings with intravascular catheters in the intensive care
unit reduced risk of infection even when background infection rates were low. Reducing
the frequency of changing unsoiled adherent dressings from every 3 days to every 7 days
modestly reduces the total number of dressing changes and appears safe.

Trial Registration clinicaltrials.gov Identifier: NCT00417235
JAMA. 2009;301(12):1231-1241 www.jama.com
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CVC-related bloodstream infections.2,3

The attributable mortality of CVC-
related bloodstream infections ranges
from 0% to 11.5%, and the excess ICU
length of stay resulting from these in-
fections is estimated at 9 to 12 days.4,5

Consequently, efforts are required to de-
crease the incidence of these infections.

Several reports suggest that mul-
tiple preventive strategies should be
implemented concomitantly. These in-
terventions include staff education,
maximal barrier precautions for cath-
eter insertion, use of chlorhexidine for
skin antisepsis, preferential use of the
subclavian site for CVC insertion,
prompt removal of unnecessary cath-
eters, surveillance, and feedback.6,7

Implementation of such quality-
improvement programs may decrease
CVC-related bloodstream infection
rates to less than 2 per 1000 CVC-
days.8-10 Given these low rates, it is not
clear whether new technical devices
confer further advantages.2,11

Most organisms responsible for CVC-
related bloodstream infections origi-
nate from the insertion sites of short-
term CVCs.12 Therefore, decreasing
bacterial colonization of the skin at the
insertion site may decrease the risk of
bloodstream infection. New materials
under development to decrease colo-
nization include a chlorhexidine glu-
conate–impregnated sponge (CHGIS)
(BioPatch; Ethicon Inc, Somerville, NJ)
to be placed over the CVC insertion site.
A meta-analysis of small or unpub-
lished studies of the CHGIS has sug-
gested a significant decrease in cath-
eter colonization and a nonsignificant
decrease in CVC-related bloodstream
infections, indicating a need for a large
randomized controlled trial.13

Studies in recipients of bone marrow
transplants found no evidence that in-
creasing the timebetweenCVCdressing
changes induced adverse effects.14,15 No
data exist to determine whether the in-
tervalbetweenCVCdressingchangescan
be safely extended in other populations.

The aim of this study was to evaluate
the respective effects of using CHGIS
dressingsandincreasingthetimebetween
dressing changes in adult ICU patients.

We hypothesized that CHGIS dressings
woulddecreasetherateofmajorcatheter-
related infections (CRIs), defined as
catheter-related sepsis with or without
bloodstream infection, and that a longer
timebetweendressingchangeswouldnot
increase the rate of major CRIs.

METHODS
Study Design

We conducted a multicenter, 2�2 fac-
torial, randomized controlled trial to
compare CHGIS vs standard dressings
and to compare a strategy of changing
unsoiled adherent dressings every 7
days vs the standard practice of every
3 days. The study was not blinded for
the investigators or ICU staff but was
blinded for the microbiologists pro-
cessing the skin and catheter cultures
and for the assessors.

Study Patients

From December 20, 2006, to May 20,
2008, we recruited patients in 7 ICUs
(2 medical, 2 surgical, 3 medical-
surgical) in 3 university and 2 general
hospitals in France. Patients older than
18 years expected to require an arte-
rial catheter, central-vein catheter, or
both inserted for 48 hours or longer
were eligible. Patients with a history of
allergy to chlorhexidine or to transpar-
ent dressings were excluded.

The study was approved by the eth-
ics committee of the Grenoble Univer-
sity Hospital, Grenoble, France. Writ-
ten informed consent was obtained
from patients whose decision-making
capacity was intact. In accordance with
French law, the Grenoble University
Hospital ethics committee approved de-
layed consent from patients unable to
make decisions at the time of catheter
insertion.16 Patients were randomly as-
signed to 1 of 4 treatment groups. The
randomization schedule, stratified by
ICU, was developed using a Web-
based random-number generator to se-
lect permuted blocks of 8 patients each.

Study Catheters

All arterial catheters and CVCs in a
given patient were managed in the same
way. Pulmonary arterial, hemodialy-

sis, and peripherally inserted CVCs
were not included.

All study centers followed French
recommendations for catheter inser-
tion and care, which are similar to rec-
ommendations from the Centers for
Disease Control and Prevention.17

Briefly, the insertion sites were the ra-
dial artery and subclavian vein when-
ever possible, unless using these sites
carried an increased risk of noninfec-
tious complications.18 Maximal sterile
barrier precautions (large sterile drape;
surgical hand antisepsis; and mask, cap,
sterile gloves, and gown) were used at
catheter insertion. The insertion site
was scrubbed with 4% aqueous povi-
done iodine solution (Betadine Scrub;
Viatris Pharmaceuticals, Merignac,
France), rinsed with sterile water, and
dried with sterile gauze; an alcohol-
based antiseptic solution (5% povidone-
iodine in 70% ethanol) (Betadine Al-
cohol-based Solution; Viatris) was then
applied for at least 1 minute, and ster-
ile drapes were placed around the site.

Antiseptic- or antibiotic-impreg-
nated CVCs were not used in any of the
study ICUs. The same semipermeable
transparent dressings (Tegaderm; 3M
Inc, St Paul, Minnesota) were used in
all 4 treatment groups. The dressing was
changed 24 hours after catheter inser-
tion (day 1) and then every 3 days (day
4, day 7, etc) in the 3-day group and
every 7 days (day 8, day 15, etc) in the
7-day group. Leakage or soiling
prompted immediate dressing change.
The alcohol-based povidone-iodine so-
lution was used for skin antisepsis dur-
ing dressing changes.

In the CHGIS group, the CHGIS
dressing was applied to the entire skin
surface at and around the insertion site.
The semitransparent dressing was then
applied. A new CHGIS was used at each
dressing change.

Suspected contact dermatitis or skin
allergy was confirmed by a dermatolo-
gist, and photographs were taken. The
investigator could decide to perma-
nently stop CHGIS use in patients with
suspected skin intolerance. The inde-
pendent data and safety monitoring
committee was immediately alerted, as
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well as the French Drug Agency and the
manufacturers of the dressing materials.

Patients underwent follow-up until
48 hours after ICU discharge. Cath-
eters were immediately removed if no
longer needed, usually before ICU dis-
charge, or when a CRI was suspected.
Catheter tips were cultured using a sim-
plified quantitative broth dilution tech-
nique.19 In the few patients who needed
to retain their CVCs (because of treat-
ment requiring a CVC or unaccept-
able risk associated with insertion of a
new CVC) after their ICU stay, the CVC
was left in place and paired blood
samples were drawn simultaneously via
the catheter hub and from a periph-
eral venous site before ICU discharge
for determination of the differential time
to positivity.20

For semiquantitative insertion-site
cultures, the insertion site was sampled
before catheter removal by pressing a
nutritive trypticase-soy agar plate
(Count-tact; Biomerieux, Crapone,
France) on the skin for 5 seconds, cen-
tering the plate on the insertion site. The
plate was sent to the local microbiol-
ogy laboratory and cultured for 48
hours. The number of microorgan-
isms recovered from the surface area
corresponding to that of the CHGIS was
counted.

The microbiology technicians and bi-
ologists in charge of the catheter and
skin cultures were blinded to study
group assignment. A random sample of
25 microorganisms recovered from skin
cultures in each study group was pro-
cessed for identification and determi-
nation of minimal bactericidal concen-
tration (MBC), using a variant of a
previously described method.21

When major CRI was suspected, 1 or
more peripheral blood samples were
collected for culturing within 48 hours
before or after catheter removal. If the
catheter-tip culture revealed coloniza-
tion or if a blood culture sampled at the
time of catheter removal tested posi-
tive, an investigator blinded to the study
group reviewed the case report form
and medical chart to collect all of the
available information needed to pre-
pare an independent blinded review.

Definitions and
Primary Evaluation Criteria
Three definitions were used, accord-
ing to French17 and US22 guidelines.
First, catheter colonization was de-
fined as a quantitative catheter-tip cul-
ture yielding at least 1000 colony-
forming units (CFUs)/mL. Second,
catheter-related clinical sepsis with-
out bloodstream infection was de-
fined as a combination of (1) fever
(body temperature �38.5°C) or hypo-
thermia (body temperature �36.5°C),
(2) a catheter-tip culture yielding at
least 103 CFUs/mL, (3) pus at the in-
sertion site or resolution of clinical sep-
sis after catheter removal, and (4) ab-
sence of any other infectious focus.
Third, catheter-related bloodstream in-
fection was defined as a combination
of (1) 1 or more positive peripheral
blood cultures sampled immediately be-
fore or within 48 hours after catheter
removal, (2) a quantitative catheter-
tip culture testing positive for the same
microorganisms (same species and
same susceptibility pattern) or a differ-
ential time to positivity of blood cul-
tures greater than or equal to 2 hours,
and (3) no other infectious focus ex-
plaining the positive blood culture re-
sult.20 If a patient had a blood culture
testing positive for coagulase-negative
staphylococci, the same pulsotype from
the strains recovered from the cath-
eter and blood culture was required for
a diagnosis of catheter-related blood-
stream infection.

We defined major CRI as either cath-
eter-related clinical sepsis without
bloodstream infection or catheter-
related bloodstream infection. For the
intention-to-treat analysis, the diagno-
sis of major CRI in patients with un-
cultured catheters was made by the in-
dependent blinded reviewers, who
considered sepsis or bloodstream in-
fection catheter-related when there was
no other detectable cause of sepsis with
or without bloodstream infection.

Catheter colonization was the pri-
mary evaluation criterion for assess-
ing noninferiority of the 7-day dress-
ing change interval compared with the
3-day interval. The major CRI rate was

the primary evaluation criterion for as-
sessing differences between CHGIS and
standard dressings. For the intention-
to-treat analysis, uncultured catheters
were classified as not colonized.

Secondary Evaluation Criteria

Secondary evaluation criteria were cath-
eter-related bloodstream infection and
skin colonization as assessed by the
semiquantitative insertion-site skin cul-
ture at catheter removal.

The condition of the skin was de-
scribed on a standardized form by the
nurse in charge of the patient at each
dressing change and at catheter re-
moval, using the International Con-
tact Dermatitis Research Group sys-
tem (0, normal skin; 1, mild redness
only; 2, red and slightly thickened skin;
3, intense redness and swelling with
coalesced large blisters or spreading
reaction).23

Number of Patients and Catheters

The main assumptions were that
CHGIS would lead to a 60% decrease
in the major CRI rate from a 4% rate
in the control group and that 12% of
catheters would be colonized in both
dressing-change interval groups.1,8 Non-
inferiority for the comparison of alter-
native dresssing changes was defined as
the upper limit of the 2-sided 95% con-
fidence interval (CI) being less than 3
percentage points. Based on data from
the study ICUs, we hypothesized that
each patient would have at least 2 cath-
eters inserted. We used � = .05 and
1−�=.80 to compute sample size. We
planned to enroll 1600 patients.

Statistical Analysis

The primary analysis was performed in
the intention-to-treat population, which
included all patients except those who
withdrew their consent to participate,
in accordance with French law. No in-
terim analysis was planned. We also
conducted a per-protocol analysis in
which only cultured catheters were
taken into account to compare 3-day vs
7-day dressing change intervals. For the
comparison of CHGIS vs no CHGIS
(control), we included uncultured cath-
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eters if culturing for differential time to
positivity20 was performed before cath-
eter removal.

Characteristics of patients, cath-
eters, and dressings are described as No.
(%) or median (interquartile range
[IQR]) for qualitative and quantita-
tive variables and were compared be-
tween treatment groups using �2 or
Mann-Whitney tests, as appropriate.
Kaplan-Meier curves of the risk of ma-
jor CRIs and catheter colonization were
plotted for each treatment group.

To take into account a possible clus-
tering effect of multiple catheters per pa-
tient (with the cluster equaling the pa-
tient), we used a marginal Cox model for
clustered data. This model both takes
into account the censored nature of the
data and accounts for intracluster (in-
trapatient) dependence (�1 catheter per
patient), using a robust sandwich co-
variance estimate24 (PROC PHREG of
SAS version 9.1; SAS Institute Inc, Cary,
North Carolina). Analyses were strati-
fied by ICU. The design of this factorial
study assumed that the 2 study inter-
ventions did not interact. This assump-
tion was confirmed by testing for a treat-
ment interaction in the Cox model.
Accordingly, we analyzed the CHGIS
effect (vs control) and the 7-day dress-
ing change interval effect (vs 3-day dress-
ing interval) separately (at the mar-
gins), using similar techniques.25 We
checked the proportional hazards as-
sumption and looked for qualitative in-
teractions between treatment effects and
among treatment centers.26

To test noninferiority of the 7-day in-
terval vs the 3-day interval between
dressing changes, the 2-sided 95% CI
was calculated for the true difference
in the rate of significant catheter colo-
nization. Noninferiority was defined as
the upper limit of the 2-sided 95% CI
being less than 3 percentage points.
Tests were 2-tailed and unadjusted for
multiple comparisons. According to
previous recommendations,27 we per-
formed a sensitivity analysis of the fi-
nal result while making the assump-
tion that all uncultured catheters were
colonized, using the per-protocol popu-
lation and various subpopulations. In

this analysis, we tested noninferiority
for 7-day dressing changes in the per-
protocol population, arterial catheters
only, venous catheters only, catheters
in place at least 5 days, catheters with
more than 1 unplanned dressing
change, and catheters with at least 2 un-
planned dressing changes.

Skin cultures were classified into 4
groups: sterile, less than 1 log10 CFUs/
plate, 1 to 2 log10 CFUs/plate, and
greater than 2 log10 CFUs/plate. A Coch-
ran-Armitage test for trend was used to
compare skin colonization according to
the evaluation criterion studied. The
number of CFUs recovered from skin
cultures and the MBCs with and with-
out chlorhexidine were compared using
a Mann-Whitney test.

Analyses were performed using SAS
version 9.1 and R version 2.8.1 (R
Foundation for Statistical Computing,
Vienna, Austria). P� .05 was consid-
ered statistically significant.

RESULTS
Patients and Catheters

Of 2095 patients with at least 1 cath-
eter, 1653 were enrolled, but 17 sub-
sequently withdrew consent to partici-
pate, leaving 1636 available for
inclusion in the intention-to-treat analy-
sis (FIGURE 1), for a total of 3778 cath-
eters and 28 931 catheter-days. Pa-
tient and catheter characteristics are
reported in TABLE 1 and TABLE 2.

In the reference group treated with-
out CHGIS dressings and with 3-day
dressing changes, the catheter coloniza-
tion rate was 11.5% (99 events, 15.8 per
1000 catheter-days), the major CRI rate
was 1.2% (10 events, 1.6 per 1000 cath-
eter-days), and the catheter-related
bloodstream infection rate was 0.9% (8
events, 1.28 per 1000 catheter-days).

Semiquantitative insertion-site cul-
tures were performed at removal of
2903 of 3778 catheters. There were no
organisms in 1887 cases (65%). Higher
median semiquantitative culture counts
were associated with colonization (not
colonized, 0 [IQR, 0-0; range, 0 to 109

CFUs/plate] vs colonized, 40 [IQR,
0-100; range, 0 to 107 CFUs/plate];
P� .001) and major CRI (no major CRI,

0 [IQR, 0-1; range, 0 to 109 CFUs/
plate] vs major CRI, 50 [IQR, 0-100;
range, 0 to 104 CFUs/plate]; P� .001).

Of the 12 882 dressing changes, 5808
(45%) were performed before the
planned date because of soiling or leak-
age. For 1727 arterial catheters, pre-
mature dressing changes were more
common at the femoral artery (1242/
2333 [53.2%]) than at the radial ar-
tery (1626/3458 [47.0%]) (P� .001).
For 2051 CVCs, premature dressing
changes were more common at the
jugular and femoral veins (1950/4177
[46.7%]) than at the subclavian vein
(990/2914 [34.0%]) (P� .001).

In the 3-day group, 2652 of 6597
dressing changes (40%) were un-
planned. In this group, 639 catheters
(37%) were in place for at least 3 days,
with no unplanned dressing changes.
In the 7-day group, 3156 of 6285 dress-
ing changes (50%) were unplanned. In
this group, 200 catheters (10%) were
in place for at least 7 days, with no un-
planned dressing changes. The skin was
considered free from evidence of con-
tact dermatitis at 12 717 changes
(98.7%). Mild redness was noted at 133
changes (1%), red and slightly thick-
ened skin at 25 changes, and more in-
tense reactions at 5 changes.

Therewasnosignificantinteractionbe-
tween the 2 study interventions regard-
ing the rates of catheter colonization
(P=.53),majorCRI(P=.19),orcatheter-
related bloodstream infection (P=.36).

CHGIS Dressings
vs Control Dressings

Use of CHGIS dressings decreased the
major CRI rate from 1.40 per 1000 cath-
eter-days to 0.60 per 1000 catheter-
days (hazard ratio [HR], 0.39; 95% CI,
0.17-0.93; P=.03) (FIGURE 2). Use of
CHGIS dressings significantly de-
creased the rates of catheter coloniza-
tion and catheter-related bloodstream
infections (TABLE 3). The effect was
similar for gram-negative and gram-
positive organisms (TABLE 4) and for
arterial catheters and CVCs. Based on
these results, use of CHGIS dressings
was estimated to prevent 1 major CRI
for every 117 catheters (95% CI, 86-
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1020 catheters) left in place for a mean
duration of 10 days.

The semiquantitative culture count
was significantly lower in the CHGIS
group(TABLE5).TheMBCofchlorhexi-
dine was determined for 106 strains cul-
tured from the skin at catheter removal.
The median MBC was not different be-
tween the control and CHGIS groups (4
[IQR,4-16]vs4[IQR,4-8], respectively;
P=.30). The MBC of chlorhexidine was
greater than 32 in 4 of 52 control-group
strains(Enterococcusfaecalis[2],Efaecium
[1], Providencia stuartii [1]) and 5 of 54
CHGIS-group strains (E faecalis [4],
Pseudomonas aeruginosa [1]).

Adverse Events

Severecontactdermatitis leading toper-
manent removal of the CHGIS occurred
in8patients(10catheters[10.4per1000
patientsand5.3per1000catheters]).The
rate of abnormal scores according to the
InternationalContactDermatitisResearch
Groupsystemwassignificantlyhigher in
the CHGIS group (100/6720 [1.49%])
than in the control group (63/5875
[1.02%]) (P=.02). Contact dermatitis

usually occurred for only 1 catheter per
patient and selectively affected very sick
patientswithmultipleorganfailures,sub-
cutaneousedema,andfragileskin.Nosys-
temicadversereactions tochlorhexidine
occurred.Skinallergy to thesemiperme-
able transparentdressingwasdiagnosed
in 2 patients (1 in the CHGIS group, 1 in
the control group); the lesions resolved
after dressing removal.

3-Day vs 7-Day Dressing Changes

In the 3-day group, 2652 of 6597 dress-
ing changes (40%) were unplanned. In
this group, 639 catheters (37%) were
in place for at least 3 days, with no un-
planned dressing changes. In the 7-day
group, 3156 of 6285 dressing changes
(50%) were unplanned. In this group,
200 catheters (10%) were in place for
at least 7 days, with no unplanned
dressing changes. The median num-
ber of dressing changes was signifi-
cantly higher in the 3-day group (0.46
[IQR, 0.33-0.63] per catheter-day) than
in the 7-day group (0.40 [IQR, 0.25-
0.60] per catheter-day) (P� .001). The
rate of premature dressing changes was

significantly lower in the 3-day group
than in the 7-day group (40.2% [2652/
6597] vs 50.6% [3156/6285], P� .001).

The rate of catheter colonization (pri-
marycriterion)was7.8%(142events,10.4
per1000catheter-days)inthe3-daygroup
and8.6%(168events,11.0per1000cath-
eter-days)inthe7-daygroup(Table3and
Figure2).TheHRwas0.99(95%CI,0.77-
1.28) (absolute difference in the rate of
significant catheter colonization, 0.8%
[95% CI, −1.78% to 2.15%]). Thus, the
7-daydressingchangesmet theprespeci-
fiedcriteria fornoninferiority, compared
with the3-daydressingchanges.Thees-
timated HR was similar for CVCs (0.94
[95%CI,0.70-1.27])andarterialcatheters
(1.07 [95% CI, 0.75-1.53]).

In the sensitivity analyses, results
were inconclusive for arterial cath-
eters only and for catheters with at least
2 unplanned dressing changes. Other-
wise, the sensitivity analyses were con-
sistent with noninferiority. In particu-
lar, the absolute difference in the rate
of significant catheter colonization was
0.6% (95% CI, −1.97% to 2.37%) in the
per-protocol population.

Figure 1. Flow of Patients Through the Study

863 Catheters (410 patients) included
in primary analysis

416 Randomized to receive change of
standard dressing every 3 days

412 Randomized to receive change of
standard dressing every 7 days

6 Withdrew consent

442 Excluded

141 Investigator did not include
293 Met exclusion criteria

8 Patient or surrogate refused consent

952 Catheters (408 patients) included
in primary analysis

2095 Patients eligible (≥1 inserted catheter)

412 Randomized to receive change of
CHGIS dressing every 3 days

4 Withdrew consent

1001 Catheters (409 patients) included
in primary analysis

413 Randomized to receive change of
CHGIS dressing every 7 days

4 Withdrew consent

962 Catheters (409 patients) included
in primary analysis

3 Withdrew consent

898 Catheters (379 patients) included
in per-protocol analysis
887 Cultured
11 DTP tested

54 Catheters (29 patients) excluded
from per-protocol analysis
(no culture performed)
29 Omitted by ICU nurse
15 Sudden death
7 Accidental catheter removal
3 Sample tube broken

905 Catheters (387 patients) included
in per-protocol analysis
889 Cultured
16 DTP tested

57 Catheters (22 patients) excluded
from per-protocol analysis
(no culture performed)
31 Omitted by ICU nurse
14 Sudden death
8 Accidental catheter removal
4 Sample tube broken

949 Catheters (390 patients) included
in per-protocol analysis
939 Cultured
10 DTP tested

52 Catheters (19 patients) excluded
from per-protocol analysis
(no culture performed)
32 Omitted by ICU nurse
14 Sudden death
6 Accidental catheter removal

1653 Randomized

780 Catheters (369 patients) included
in per-protocol analysis
770 Cultured
10 DTP tested

83 Catheters (41 patients) excluded
from per-protocol analysis
(no culture performed)
48 Omitted by ICU nurse
23 Sudden death
10 Accidental catheter removal
2 Sample tube broken

CHGIS indicates chlorhexidine gluconate–impregnated sponge; DTP, differential time to positivity; ICU, intensive care unit.
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In the subgroup of 2416 catheters left
in place for at least 5 days, the cath-
eter colonization rate in the 3-day group
was 9.8% (114 events, 9.7 per 1000
catheter-days) vs 10.8% in the 7-day
group (135 events, 10.3 per 1000 cath-
eter-days) (HR, 0.98 [95% CI, 0.74-
1.30]; P=.88). The median number of
dressing changes per catheter was
higher in the 3-day group (4 [IQR, 3-6])
than in the 7-day group (3 [IQR, 2-5])
(P � .001). The median number of
dressing changes per catheter-day was
0.43 (IQR, 0.33-0.60) in the 3-day
group and 0.37 (IQR, 0.25-0.55) in the
7-day group, a 14% decrease.

There was a slight but statistically sig-
nificant trend for higher skin coloniza-
tion counts by semiquantitative skin cul-
ture at catheter removal in the 7-day
group compared with the 3-day group

(Table5).ThenumberofmajorCRIswas
12 (0.66 per 1000 catheter-days) in the
3-day group and 17 (0.87 per 1000 cath-
eter-days) in the 7-day group (HR, 1.16
[95% CI, 0.49-2.69]; P=.74; difference,
0.21% [95% CI, −0.33% to 1.11%).

COMMENT
We found that use of CHGIS dress-
ings decreased the risk of major cath-
eter-related infections by 60% despite
a low baseline infection rate. The inci-
dence of skin lesions with the CHGIS
dressings was lower than that in prior
reports,28,29 but contact dermatitis will
occur occasionally and requires prompt
removal of the CHGIS. We also found
that a strategy of weekly scheduled
dressing changes for nonsoiled, adher-
ent dressings was not inferior to a stan-
dard 3-day dressing change. However,

unscheduled dressing changes for soil-
ing and leakage were common, and the
absolute reduction in number of dress-
ing changes was modest.

Most of the measures recommended
for preventing CRI were used in our
study centers, in keeping with the low
rate of major CRI in the 3-day control
group without CHGIS dressings. This
low baseline rate is noteworthy, given
the inclusion of severely ill patients, as
shown by the high Simplified Acute
Physiology Score II and Sequential Or-
gan Failure Assessment scores at ICU ad-
mission and the large proportion of ven-
tilated patients. The baseline rate was less
than the predicted 4% rate used to com-
pute the sample size for establishing the
superiority of CHGIS dressings. Fortu-
nately, the sample size required for dem-
onstrating noninferiority of the 7-day
dressing-change interval compared with
the 3-day interval was large, so we had
enough patients to establish the supe-
riority of CHGIS dressings over stan-
dard dressings for decreasing major CRI
rates.

Most studies of devices designed to de-
crease CRI (eg, antiseptic- or antibiotic-
impregnated catheters) were per-
formed in ICUs in which baseline CRI
rates were at the higher end of the re-
ported range.3,30 In this setting, simple
preventive measures may be as effec-
tive as new devices. Thus, the 2002
guidelines from the Centers for Disease
Control and Prevention recommend an-
tiseptic- or antibiotic-impregnated cath-
eters only in ICUs in which catheter-
related infection rates are above
benchmark rates despite implementa-
tion of a comprehensive strategy to de-
crease the rates. We found that the
CHGIS was effective in decreasing ma-
jor CRI, despite low baseline infection
rates. Our results therefore suggest that
technical devices as well as a set of simple
preventive measures may be useful for
preventing major CRIs in ICUs.

A randomized study comparing
dressings every 4 days and every 15 days
in children undergoing chemotherapy
found no differences in the rates of posi-
tive skin culture results or blood-
stream infections.14 Another study in re-

Table 1. Patient Characteristics

Characteristic

No. (%)

All Patients,
ITT Analysis
(N = 1636)

Dressing
Dressing

Change Interval

Control
(n = 819)

CHGIS
(n = 817)

3 d
(n = 818)

7 d
(n = 818)

Age, median (IQR), y 62 (50-74) 63 (50-74) 62 (50-73) 62 (50-74) 62 (50-73)

Men 1052 (64.3) 518 (63.2) 534 (65.4) 542 (66.3) 510 (62.3)

�1 Chronic disease 536 (32.8) 288 (35.2) 248 (30.4) 269 (32.9) 267 (32.6)

Immune deficiency 93 (5.7) 48 (5.9) 45 (5.6) 50 (6.2) 43 (5.3)

Hematologic malignancy 52 (3.2) 28 (3.4) 24 (3) 28 (3.5) 24 (2.9)

Metastatic cancer 64 (3.9) 33 (4) 31 (3.8) 28 (3.5) 36 (4.4)

AIDS 54 (3.3) 30 (3.7) 24 (3) 24 (3) 30 (3.7)

SAPS II, median (IQR)a 53 (40-65) 53 (40-67) 52 (40-65) 52 (40-67) 53 (40-65)

SOFA, median (IQR)b 12 (9-15) 12 (9-15) 12 (9-15) 12 (9-15) 12 (9-15)

Admission category
Medical 1143 (69.9) 568 (69.4) 575 (70.4) 578 (70.7) 565 (69)

Scheduled surgery 107 (6.5) 66 (8.1) 41 (5.0) 50 (6.1) 57 (7)

Emergency surgery 386 (23.6) 185 (22.5) 201 (24.6) 190 (23.2) 196 (24)

Main reason for ICU admission
Septic shock 349 (21.3) 163 (19.9) 186 (22.8) 180 (22) 169 (20.7)

Cardiogenic shock 155 (9.5) 66 (8.1) 89 (10.9) 80 (9.8) 75 (9.2)

De novo respiratory failure 326 (19.9) 167 (20.4) 159 (19.5) 160 (19.6) 166 (20.3)

Coma 225 (13.8) 115 (14) 110 (13.5) 107 (13.1) 118 (14.4)

Trauma 178 (10.9) 84 (10.3) 94 (11.5) 83 (10.1) 95 (11.6)

Mechanical ventilation 1411 (86.9) 693 (85.1) 718 (88.8) 689 (85.3) 722 (88.6)

Length of ICU stay, median
(IQR), d

11 (5-22) 10 (5-21) 12 (5-25) 10 (5-22) 11 (5-23)

ICU death 549 (33.6) 280 (34.2) 269 (32.9) 261 (31.9) 288 (35.2)

Hospital death 645 (39.4) 333 (40.7) 312 (38.2) 314 (38.4) 331 (40.5)
Abbreviations: AIDS, acquired immunodeficiency syndrome; CHGIS, chlorhexidine gluconate–impregnated sponge;

ICU, intensive care unit; IQR, interquartile range; ITT, intention-to-treat; SAPS II, Simplified Acute Physiology Score
II; SOFA, Sequential Organ Failure Assessment.

aRange of possible scores, 0-162.
bRange of possible scores, 0-24.
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cipients of bone marrow transplants
found that dressing changes every other
day were associated with significantly
greater skin toxicity than were changes
every 5 or 10 days.15 Neither study was
conducted in ICUs. The catheter colo-
nization rate in our study was not dif-
ferent in patients with dressing changes
every 3 days or every 7 days. Neither
were the rates of major CRI or catheter-

related bloodstream infections signifi-
cantly different between the groups.
However, more than half of the cath-
eters were removed before day 6, and
approximately 40% of dressing changes
were related to separation of the dress-
ing from the skin. Extending the theo-
retical dressing change interval from 3
to 7 days resulted in only a 9% de-
crease in the number of changes per

catheter-day. However, the interval be-
tween changes decreased the number
of changes by 14% for catheters left in
place for more than 4 days.

One possibility is that dressing
changes during the study were per-
formed even when minimal separation
occurred. The small actual increase in
dressing change intervals in our 7-day
group indicates that extending the in-

Table 2. Catheter Characteristics

Variable

No. (%)

All Catheters,
ITT Analysis
(N = 3778)

Dressing
Dressing

Change Interval

Control
(n = 1825)

CHGIS
(n = 1953)

3 d
(n = 1815)

7 d
(n = 1963)

Time in place, median (IQR), d 6 (4-10) 6 (4-10) 6 (4-10) 6 (4-10) 6 (4-10)

Experience of the operator
�50 procedures 2586 (68.4) 1221 (66.9) 1365 (69.9) 1248 (68.7) 1338 (68.2)

�50 procedures 1135 (30.1) 578 (31.7) 557 (28.5) 544 (30) 591 (30.1)

Junior operator with help from a senior 57 (1.5) 26 (1.4) 31 (1.6) 23 (1.3) 34 (1.7)

Arterial catheter 1727 (45.7) 830 (45.5) 897 (45.9) 821 (45.2) 906 (46.2)

Femoral 708 (41) 355 (42.8) 353 (39.4) 345 (42) 363 (40)

Radial 1019 (59) 475 (57.2) 544 (60.6) 476 (58) 543 (60)

Venous Catheters Only

Venous catheter 2051 (54.3) 995 (54.5) 1056 (54.1) 994 (54.8) 1057 (53.8)

Jugular 560 (27.3) 248 (24.9) 312 (29.6) 272 (27.4) 288 (27.3)

Subclavian 819 (39.9) 407 (40.9) 412 (39.0) 390 (39.2) 429 (40.6)

Femoral 672 (32.8) 340 (34.2) 332 (31.4) 332 (33.4) 340 (32.2)

Guidewire exchange 85 (4.1) 28 (2.8) 57 (5.4) 47 (4.7) 38 (3.6)

No. of lumens in venous catheters
0 37 (1.8) 21 (2.1) 16 (1.5) 17 (1.7) 20 (1.9)

2 209 (10.2) 110 (11.1) 99 (9.4) 109 (11) 100 (9.5)

3 1805 (88) 864 (86.8) 941 (89.1) 868 (87.3) 937 (88.6)

Use of lipids 777 (37.9) 379 (38.1) 398 (37.7) 389 (39.2) 388 (36.7)

Use of heparin 708 (34.5) 336 (33.8) 372 (35.3) 341 (34.3) 367 (34.7)

Packed red blood cells transfused 602 (29.4) 266 (26.7) 336 (31.8) 283 (28.5) 319 (30.2)

Tunneled catheters 6 (0.3) 5 (0.5) 1 (0.1) 2 (0.2) 4 (0.4)

All Catheters

Antimicrobials at catheter insertion 2532 (67) 1208 (66.2) 1324 (67.8) 1199 (66.1) 1333 (67.9)

Transport with catheter(s) in placea

0 3004 (79.5) 1448 (79.3) 1556 (79.7) 1431 (78.8) 1573 (80.1)

1 559 (14.8) 255 (14) 304 (15.5) 277 (15.3) 282 (14.4)

2 160 (4.2) 90 (4.9) 70 (3.6) 78 (4.3) 82 (4.2)

�2 55 (1.5) 32 (1.8) 23 (1.2) 29 (1.6) 26 (1.3)

No. of dressing changes per catheter, median (IQR) 3 (1-5) 3 (1-5) 3 (1-5) 3 (1-5) 2 (1-4)

Local signs at catheter removal
Normal 3416 (90.4) 1666 (91.3) 1750 (89.6) 1648 (90.8) 1768 (90.1)

Redness 321 (8.5) 139 (7.6) 182 (9.3) 150 (8.3) 171 (8.7)

Pain 10 (0.3) 2 (0.1) 8 (0.4) 7 (0.4) 3 (0.2)

Nonpurulent discharge 42 (1.1) 20 (1.1) 22 (1.1) 18 (1) 24 (1.2)

Purulent discharge 15 (0.4) 6 (0.3) 9 (0.5) 6 (0.3) 9 (0.5)

Catheter removal for suspected infection 667 (17.7) 325 (17.8) 342 (17.5) 325 (17.8) 342 (17.5)
Abbreviations: CHGIS, chlorhexidine gluconate–impregnated sponge; IQR, interquartile range; ITT, intention-to-treat.
aTransport of patient for imaging studies or surgery with the catheter in place.
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terval to 7 days requires that the dress-
ings be monitored closely and changed
in the event of soiling or separation.

Use of CHGIS dressings was effective
in decreasing major CRI. The effect size
was similar for theprimaryendpoint, ie,
majorCRI, andthesecondaryendpoint,
ie,cathetercolonization.Ourresultscon-
firm those of several studies performed
inneonatal ICUs,28 adult ICUs,orhema-
tologyunits.31 Ameta-analysis showeda
significantdecrease incathetercoloniza-
tionwithCHGISdressingsbutonlyanon-
significant decrease in catheter-related
bloodstreaminfectionrates,possiblybe-
causeof the small sample sizeanddiffer-
ences across included studies.13

Chlorhexidine gluconate is a critical
component of interventions designed to
prevent the dissemination of nosoco-
mial infections.32 In vitro studies sug-
gest that chlorhexidine exposure may
cause reduced susceptibility to antibiot-
ics and biocides via intrinsic or ac-
quired mechanisms of resistance.33 At
present, insufficient scientific evidence
exists to evaluate these risks, and addi-
tional studies are needed. However, in
keeping with previous studies,34,35 we
found no evidence of bacterial resis-
tance to chlorhexidine. Moreover,
chlorhexidine concentrations beneath
the dressing remain substantially higher
than the concentrations that might pro-

mote the development of resistant strains
for more than 7 days.35

Our randomized study is the largest
to date evaluating dressings incorpo-
rating a CHGIS for prevention of ma-
jor CRI. In addition, it was a multi-
center study with a mix of medical and
surgical ICUs in university and non-
university hospitals. Furthermore,
nearly all of the eligible patients were
included, and few patients and cath-
eters were lost to follow-up. All cases
of suspected CRI or colonization were
reviewed by a panel of blinded asses-
sors to ensure valid assessment of the
primary end point. Therefore, our re-
sults can reasonably be generalized to

Figure 2. Cumulative Risk of Catheter-Related Infection and Catheter Colonization
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Table 3. Hazard Ratios in the Intention-To-Treat and Per-Protocol Analyses

Variable

Dressing Dressing Change Interval

Incidence, No./1000
Catheter-Days ITT Analysis

Per-Protocol
Analysisa

Incidence, No./1000
Catheter-Days ITT Analysis

Per-Protocol
Analysisa

Control
(n = 1825)

CHGIS
(n = 1953)

HR
(95% CI)

P
Value

HR
(95% CI)

P
Value

3 d
(n = 1815)

7 d
(n = 1963)

HR
(95% CI)

P
Value

HR
(95% CI)

P
Value

Catheter colonization
�10 CFUs/plate

15.8 6.3 0.36
(0.28-0.46)

�.001 0.35
(0.27-0.45)

�.001 10.4 11.0 0.99
(0.77-1.28)

.95 0.99
(0.77-1.28)

.95

Catheter-related
bloodstream
infection

1.3 0.4 0.24
(0.09-0.65)

.005 0.24
(0.09-0.63)

.004 0.7 0.9 1.26
(0.47-3.34)

.65 1.28
(0.48-3.40)

.62

Major catheter-related
infection

1.4 0.6 0.39
(0.16-0.93)

.03 0.38
(0.16-0.92)

.03 0.9 1.1 1.16
(0.50-2.69)

.74 1.18
(0.51-2.73)

.70

Abbreviations: CFU, colony-forming unit; CHGIS, chlorhexidine gluconate–impregnated sponge; CI, confidence interval; HR, hazard ratio; ITT, intention-to-treat.
aAnalysis adjusted on imbalanced parameters (ie, presence of �1 chronic disease for comparison of control and CHGIS groups).
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all severely ill ICU patients expected to
require CVCs for short periods.

Skin cultures samples obtained be-
fore catheter removal showed a signifi-
cant decrease in bacterial skin coloni-
zation with CHGIS dressings compared
with controls. The rates of catheter colo-
nization and major CRI correlated sig-
nificantly with the burden of bacterial
skin contamination. These data sup-
port the biologically plausible mecha-
nism of action of CHGIS. We detected
no change in the profile of microor-
ganisms recovered from skin samples
and colonized catheters. An increase in
the MBCs of the most resistant strains
cannot be completely excluded, how-
ever, and studies of larger bacteriologi-
cal samples are needed to further in-
vestigate this point.

The number needed to treat with
CHGIS dressings was 117 catheters
(95% CI, 86-1020). Treatment for 10
days usually requires 3 dressings, each
of which costs US $6 (2007 dollars),
and the cost of preventing a single epi-
sode of major CRI can be estimated at
$2106 (95% CI, $1518-$18 360). The
cost of managing a single case of ma-
jor CRI ranges from $8000 to more than
$28 000,36 suggesting that CHGIS dress-
ings may be cost saving.

Our study has several limitations.
First, double-blinding was not fea-
sible, because visually identical sponges
without chlorhexidine were not avail-
able and the nurses had to be in-
formed of the dressing change inter-
val. However, a blinded procedure was
used for the catheter cultures. Most im-
portantly, independent assessors con-
ducted a blind review of all suspected
catheter infections.

Second, major CRI, particularly with-
out bacteremia, may be difficult to di-
agnose, most notably in ICU patients.
However, major CRI was assessed by
investigators blinded to the study group,
and the results were similar when we
used other end points such as catheter
colonization or catheter-related blood-
stream infection.

Third, 6.5% of catheters were not cul-
tured, either because the patients left
the ICU with the CVCs in place or be-

cause technical problems arose. This
rate compares favorably with rates from
the largest randomized studies on the
prevention of CRIs.30,37

Fourth, alcohol-based povidone
iodine was used for skin antisepsis
and catheter dressings in all centers.
Chlorhexidine has been found more ef-
fective than a single application of non–
alcohol-based povidone iodine,17,38,39 and
the use of chlorhexidine for skin anti-
sepsis is included in recommendations
for preventing CRI. Unfortunately, aque-
ous 2% chlorhexidine was not commer-

cially available in France at the begin-
ning of our study. Furthermore, alcohol-
based povidone iodine has been shown
more effective than non–alcohol-based
povidone iodine in decreasing catheter
colonization in ICUs,40 and no study
compared alcohol-based povidone io-
dine with chlorhexidine in aqueous or
alcohol-based solution. Nevertheless,
using chlorhexidine for skin antisepsis
might have further reduced CRI rates in
the control group.

In conclusion, the interval between
dressing changes can be safely ex-

Table 4. Primary and Secondary End Points According to Intervention

Variable

No. (%)

All
Catheters,

ITT Analysis
(N = 3778)

Dressing
Dressing

Change Interval

Control
(n = 1825)

CHGIS
(n = 1953)

3 d
(n = 1815)

7 d
(n = 1963)

Major catheter-related infectiona 29 (0.8) 19 (1) 10 (0.5) 12 (0.7) 17 (0.9)

Staphylococcus aureus 5 (17) 4 (20) 1 (10) 1 (8) 4 (23)

Coagulase-negative staphylococci 4 (14) 2 (4) 2 (20) 2 (17) 2 (12)

Other gram-positive cocci 1 (3) 1 (2) 0 (0) 1 (8) 0 (0)

Pseudomonas spp 9 (31) 6 (13) 3 (30) 6 (50) 3 (18)

Enterobacter spp 14 (48) 11 (58) 3 (30) 4 (33) 10 (59)

Escherichia coli 1 (3) 1 (2) 0 (0) 1 (8) 0 (0)

Acinetobacter baumannii 1 (3) 1 (2) 0 (0) 0 (0) 1 (6)

Fungi 1 (3) 0 (0) 1 (10) 0 (0) 1 (6)

Catheter colonization �103 CFUs/mLa 310 (8.2) 213 (11.7) 97 (5) 142 (7.8) 168 (8.6)

Staphylococcus aureus 16 (5) 14 (7) 2 (5) 7 (5) 9 (5)

Coagulase-negative staphylococci 153 (49) 106 (50) 47 (50) 73 (50) 80 (49)

Other gram-positive cocci 34 (11)° 28 (13) 6 (6) 17 (12) 17 (10)

Pseudomonas spp 53 (17) 38 (18) 15 (15) 30 (20) 23 (14)

Enterobacter spp 82 (26) 54 (25) 28 (28) 33 (23) 49 (29)

Escherichia coli 15 (5) 11 (5) 4 (4) 5 (3) 10 (5)

Acinetobacter baumannii 15 (5) 11 (5) 4 (4) 5 (3) 10 (5)

Fungi 13 (5) 10 (4) 3 (3) 5 (3) 8 (4)

Catheter-related bloodstream infection 23 (0.6) 17 (0.9) 6 (0.3) 9 (0.5) 14 (0.7)
Abbreviations: CFU, colony-forming unit; CHGIS, chlorhexidine gluconate–impregnated sponge; ITT, intention-to-treat.
aMore than 1 microorganism recovered in some cases.

Table 5. Relationship Between Semiquantitative Skin Culture and Study Groupsa

Culture

All
Catheters
(n = 2903)

Dressing
Dressing

Change Interval

Control
(n = 1358)

CHGIS
(n = 1545)

3 d
(n = 1386)

7 d
(n = 1517)

Sterile 1887 (65.0) 786 (57.8) 1101 (71.3) 935 (67.5) 952 (62.7)

1-9 CFUs/plate 326 (11.2) 148 (10.9) 178 (11.5) 168 (12.1) 158 (10.4)

10-99 CFUs/plate 462 (15.9) 261 (19.2) 201 (13) 183 (13.2) 279 (18.4)

�100 CFUs/plate 228 (7.90) 163 (12) 65 (4.2) 100 (7.2) 128 (8.4)
Abbreviations: CFU, colony-forming unit; CHGIS, chlorhexidine gluconate–impregnated sponge.
aMissing data: all catheters, 875; control dressings, 467; CHGIS dressings, 408; 3-day dressing change interval, 429;

7-day dressing change interval, 446. P� .01 for comparisons between CHGIS and control dressings (�2 for trends);
P� .01 for comparisons between 3-day and 7-day dressing changes (�2 for trends).
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tended to more than 3 days but not ex-
ceeding 7 days, provided the dress-
ings are closely monitored and changed
immediately should separation or soil-
ing be detected. Furthermore, use of
CHGIS dressings decreases the rate of
major CRI when the baseline rate is
lower than 2 per 1000 catheter-days.
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stitut National pour la Santé et la Recherche Médicale)
by Adrien Francais and Aurélien Vesin under the su-
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Ideas come when we do not expect them, and not when
we are brooding and searching at our desks. Yet ideas
would certainly not come to mind had we not brooded
at our desks and searched for answers with passion-
ate devotion.

—Max Weber (1864-1920)
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