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Abstract

Purpose: Compare the effectiveness of different cutaneous antiseptics in reducing risk of catheter-related infection
in intensive care unit (ICU) patients.

Methods: We compared the risk of central venous catheter-related infection according to four-step (scrub, rinse, dry,
and disinfect) alcoholic 5 % povidone—iodine (PVI-a, n = 1521), one-step (disinfect) alcoholic 2 % chlorhexidine (2 %
CHX-a, n = 1116), four-step alcoholic <1 % chlorhexidine (<1 % CHX-a, n = 357), and four-step aqueous 10 % povidone—
iodine (PVI, n = 368) antiseptics used for cutaneous disinfection and catheter care during the 3SITES multicenter rand-
omized controlled trial. Within this cohort, we performed a quasi-experimental study (i.e,, before-after) involving the four
ICUs which switched from PVI-a to 2 % CHX-a. We used propensity score matching (PSM, n = 776) and inverse probabil-
ity weighting treatment (IPWT, n = 1592). The end point was the incidence of catheter-related infection (CRI) defined as
catheter-related bloodstream infection (CRBSI) or a positive catheter tip culture plus clinical sepsis on catheter removal.

Results: In the cohort analysis and compared with PVI-a, the incidence of CRI was lower with 2 % CHX-a [adjusted
hazard ratio (aHR), 0.51; 95 % confidence interval (Cl) (0.28-0.96), p = 0.037] and similar with <1 % CHX-a [aHR, 0.73;
(0.36-1.48), p = 0.37] and PVI [aHR, 1.50; 95 % Cl (0.85-2.64), p = 0.16] after controlling for potential confounders. In
the quasi-experimental study and compared with PVI-a, the incidence of catheter-related infection was again lower
with 2 % CHX-a after PSM [HR, 0.35; 95 % CI (0.15, 0.84), p = 0.02] and in the IPWT analysis [HR, 0.31; 95 % Cl (0.14, 0.70),
L p = 0.005]. The incidence of CRBSI or adverse event was not significantly different between antiseptics in all analyses.
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Take-home message: Central venous catheter insertion site cutaneous
antisepsis using one-step alcoholic 2 % chlorhexidine led to a greater
reduction in catheter-related infection than four-step alcoholic 5 %
povidone-iodine in ICU patients. Catheter-related bloodstream infection
was not significantly different between antiseptics.

The members of the 3SITES Study Group are listed in the ESM.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-016-4406-4&domain=pdf

1419

Conclusions: In comparison with PVI-a, the use of 2 % CHX-a for cutaneous disinfection of the central venous cath-
eter insertion site and maintenance catheter care was associated with a reduced risk of catheter infection, while the

benefit of <1 % CHX-a was uncertain.
Clinical trials identifier: NCT01479153.
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Introduction

Critically ill patients often require a short-term cen-
tral venous catheter to administrate emergent lifesaving
drugs. By offering the microorganisms colonizing the
cutaneous surface a route into the sterile intravascular
compartment, these devices increase the risk of cathe-
ter-related bloodstream infection [1]. Strong consensus
exists regarding the need to disinfect the site of insertion
before central venous catheterization and during cathe-
ter care to prevent catheter-related infection [2]. Which
antiseptic is best to achieve this goal has been the subject
of controversy [3].

Pioneered by Maki and colleagues in 1991 [4], chlo-
rhexidine-based and iodine-based products have been
compared in several randomized controlled trials with
apparent superiority of chlorhexidine [5]. However,
chlorhexidine was more frequently used as an alcoholic
solution while iodine was more frequently used as an
aqueous solution [5], raising concerns about the role
of alcohol [6] in chlorhexidine versus povidone—iodine
comparisons [7]. The Centers for Disease Control and
Prevention (CDC) 2011 guidelines for the prevention of
intravascular catheter-related infections [2] stated: “No
comparison has been made between using chlorhex-
idine preparations with alcohol and povidone-iodine
in alcohol to prepare clean skin. Unsolved issue” This
gap in knowledge has been addressed by Mimoz and
colleagues [8] who carried out the first randomized
controlled trial comparing alcoholic 2 % chlorhexidine
and alcoholic 5 % povidone—iodine to prevent cathe-
ter-related infections. However, only 2 % chlorhexidine
concentration was studied. In addition, replication
of a single study result in a large independent sample
is important for validating a new finding before wide-
spread implementation.

The aim of this study was to compare the risk of cathe-
ter infection according to the use of cutaneous antiseptics
to clean central venous catheter insertion sites and for
catheter care thereafter among adult patients included in
the 3SITES study [9]. We were particularly interested by
the comparison between alcoholic 5 % povidone—iodine
and alcoholic 2 % chlorhexidine among ICUs which
switched during the trial.

Methods

Study design and participants

We conducted a cohort and quasi-experimental study
using the 3SITES trial data [9], a multicenter randomized
controlled trial aimed at comparing central venous cath-
eter intravascular complications according to the anatomic
site of insertion in ten French ICUs. The 3SITES study
was conducted between December 2011 and June 2014 in
four university and five general hospitals involving 3027
patients and 3471 central venous catheters. Demograph-
ics, patients, and catheter risk factors for catheter infec-
tion and specific laboratory testing such as catheter tip
culture and peripheral blood cultures were prospectively
monitored. The choice of the antiseptic used for cutane-
ous disinfection and catheter care was left to the discre-
tion of each participating ICU (Supplemental Appendix
Fig. S1) and included 5 % povidone—iodine/69 % ethanol
(PVI-a, Betadine alcoolique®, Meda Pharma), colored 2 %
chlorhexidine/70 % isopropyl alcohol (2 % CHX-a, Chlo-
raprep® with tint, Carefusion BD), 10 % povidone—iodine
(PVI, Betadine aqueuse®, Meda Pharma), 0.25 % chlorhex-
idine, 0.025 % benzalkonium chloride, and 4 % benzylic
alcohol (<1 % CHX-a, Biseptine®, Bayer), 0.5 % chlorhex-
idine/75 % ethanol (<1 % CHX-a, Gluconate de chlorhex-
idine Alcoolique 0.5 %®, Gifrer Barbezat). These data were
prospectively collected for each central venous catheter.

Patients 18 years of age or older were eligible for the
study if they were admitted to the ICU and required non-
tunneled central venous vascular access through a new
venipuncture. The cohort study included all the 3SITES
catheters. The quasi-experimental study included only
consecutive catheters for which cutaneous disinfection
and catheter care were performed in the participating
ICUs using PVI-a at the start of the trial and switched to
colored 2 % CHX-a during the trial. The inclusion of ICU
which used the two products in the quasi-experimental
study allowed us to control for a potential center effect
that could affect both groups.

The research ethics committee at Caen University
approved the study protocol for all the participating
centers. Informed written consent was obtained from all
participants or their proxies in cases of impaired deci-
sion-making capacity at the time of enrollment.
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Infection control procedures

All participating ICU followed the French Haute Autorité
de Santé checklist [10] and US guidelines for prevent-
ing catheter-related infections [2]. Maximal sterile
barrier precautions were employed, including use of
surgical hand antisepsis, sterile gloves, surgical long-
sleeved gowns, masks, and caps. Patients were covered
by sterile drapes. None of the study catheters were anti-
septic-impregnated, antibiotic-impregnated, or tunneled.
Impregnated dressings were not used. Central venous
catheters were not used for routine blood sampling or
renal replacement therapy.

Decisions to remove catheters were made indepen-
dently by the physicians caring for each patient. After
aseptic removal, catheter tips were sent for quantita-
tive culture. Peripheral blood cultures were system-
atically drawn at the time of catheter removal. Patients
discharged from the ICU with the catheter in place had
simultaneous blood cultures drawn from a peripheral
vein and the central venous catheter to determine the dif-
ferential time to positivity.

Antiseptics were used according to the manufactur-
er’s recommendation, i.e., a one-step protocol was used
for 2 % CHX-a and a four-step protocol was used for
other antiseptics, i.e., scrub, rinse, dry, and disinfect as
described elsewhere [8].

Intervention

During the 3SITES study, one-step 2 % CHX-a became
available in France and was provided free of charge to the
participating ICUs. The rationale to introduce 2 % CHX-a
was to increase compliance with the CDC guideline
which recommends: “Prepare clean skin with a > 0.5 %
chlorhexidine preparation with alcohol before central
venous catheter and peripheral arterial catheter insertion
and during dressing changes” Because the use of a four-
step protocol was recommended by the French Hygiene
and Infection Control Society, the adoption of one-step
protocol 2 % CHX-a required the approval of the local
infection control team, in each participating ICU, and
occurred sequentially in four participating ICUs which
were previously using four-step PVI-a (Supplemental
Appendix Fig. S1). Product training was provided on the
novel one-step alcoholic chlorhexidine applicator to each
participating ICU prior to patient enrollment.

End-point definitions

For the purpose of this study, we defined catheter-related
infection (CRI) as catheter-related bloodstream infection
(CRBSI) or the combination of catheter tip colonization
plus clinical signs of sepsis on catheter removal without
other cause of infection identified. Clinical signs of sepsis

included fever (body temperature >38.5 °C) or hypother-
mia (body temperature <36.5 °C) [8].

Catheter colonization required a catheter tip quanti-
tative culture with >10® CFU per millimeter of growth
[11]. CRBSI required catheter tip colonization with the
same phenotypic microorganism isolated from a periph-
eral blood culture [2]. For the diagnosis of CRBSI with
a potential skin contaminant, two separate peripheral
blood cultures had to grow the same microorganism
causing catheter tip colonization. Differential time-to-
positivity was used in patients discharged from the ICU
[12]. A blinded adjudication committee reviewed all sus-
pected cases of CRBSL.

Statistical analysis

The sample size was based on the principal hypothesis of
the 3SITES trial. No post hoc power calculation was per-
formed for this study.

Characteristics of patients and catheters were
described by group of antiseptic used as count (percent-
age) and mean (standard deviation) or median (inter-
quartile range) for qualitative and quantitative variables,
respectively.

The association between each antiseptic used and
the risk of catheter infection in the 3SITES cohort was
explored in a multivariate Cox model with robust covari-
ance matrix estimation to account for multiple catheters
per patient while adjusting for potential confounders.

To account for the ICU effects that were stable over-
time, we also analyzed the data according to a quasi-
experimental design (see details in the Supplemental
Appendix). The propensity score model included the
ICU as a fixed effect, which has been shown to success-
fully reduce the bias due to the omission of a cluster-level
confounder [13]. We performed two different methods,
namely propensity score matching (PSM) and inverse
probability weighting treatment (IPWT) [14, 15], to cor-
rect for baseline differences between the groups. First, we
performed a one-to-one greedy, five-to-one digit tech-
nique to match catheters by antiseptic group on the basis
on their propensity score. Baseline characteristics were
compared between groups before and after the match-
ing procedure by the use of the standardized difference,
as recommended [16]. Second, we used inverse probabil-
ity of weighted treatment to adjust Kaplan—Meier curves
[17] and Cox models [18]. The probability of end point
was modelled in a Cox model with robust covariance
matrix estimation to account for the matched design
(PSM) and multiple catheters per patient (PSM and
IPWT).

The potential for a period effect for the risk of cath-
eter infection was explored by using the IPWT method
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3471 central venous catheters included
in the 3SITES database

!

1592 catheters included in ICUs which
introduced alcoholic 2%
chlorhexidine during the study

Y

Cohort design

'

1879 catheters included in ICUs which
did not introduce alcoholic 2%
chlorhexidine during the study

A

476 catheters received
alcoholic 5% povidone-iodine
during the first period

1116 catheters received
alcoholic 2% chlorhexidine
during the second period

1045 catheters
received alcoholic 5%
povidone-iodine

368 catheters
received aqueous
10% povidone-iodine

357 catheters
received alcoholic
<1% chlorhexidine

109 catheters
received other or
unknow antiseptic

Quasi-experimental design

476 catheters analyzed in the alcoholic
5% povidone-iodine group (unadjusted
and inverse probability weighting
treatment )

1116 catheters analyzed in the alcoholic
2% chlorhexidine group (unadjusted and
inverse probability weighting
treatment)

88 catheters excluded
because they did not match

728 catheters excluded
because they did not match

A 4 A 4

388 catheters analyzed in the alcoholic
2% chlorhexidine matched subsample
(Propensity-score matched)

388 catheters analyzed in the alcoholic
5% povidone-iodine matched subsample
(Propensity-score matched)

Fig. 1 Flow chart of the study

described above in the ICUs that used the same antisep-
tic during the trial (control group).

The proportionality assumption in all Cox models was
tested and met. A hazard ratio (HR) below one indicated
a decreased probability of end point in the alternative
antiseptic group compared with the alcoholic 5 % povi-
done—iodine group. A p value less than 0.05 was consid-
ered significant; all p values were two-tailed. Statistical
analyses were performed using SAS statistical software,
version 9.4 (SAS Institute Inc, Cary, NC, USA).

Results

Cohort study

During the 3SITES study, 3471 catheters and 3027
patients were included in 10 ICUs: 1521 catheters
(43.8 %) received 5 % PVI-a, 1116 (32.2 %) received
2 % CHX-a, 368 (10.6 %) received 10 % PVI, 357 (10.3 %)
received <1 % CHX-a, and 109 (3.1 %) other or unknown
antiseptics. All these catheters were included in the
cohort analysis (Fig. 1).

The characteristics of the patients and catheters
included in the cohort study are reported in Table S1
by antiseptic used. Compared with the most frequently
used 5 % PVI-a antiseptic (4.5 per 1000 catheter-days),
the use of 2 % CHX-a was independently associated with

a decreased risk of CRI [2.0 per 1000 catheter-days, HR,
0.51; confidence interval (CI), (0.28-0.96); p = 0.037] in
multivariate analysis while other antiseptics (PVI, 7.1;
<2 % CHX-a, 3.8; other or unknown, 2.9 per 1000 cath-
eter-days) were not (Table 1; Fig. S2). The choice of the
antiseptic was not associated with CRBSI (Table 1) after
adjusting for potential risk factors.

Quasi-experimental study

Four ICUs that were all using 5 % PVI-a agreed to switch
to 2 % CHX-a (Supplemental Appendix Fig. S1), repre-
senting a total of 1592 central venous catheters inserted
in 1368 patients, and these were included in the quasi-
experimental analysis (Fig. 1).

Baseline characteristics

There were some difference in the two groups regard-
ing co-morbidities. More catheterized patients with
hypertension and with cancer were in the PVI-a group,
and more patients with immunodeficiency were in the
2 % CHX-a group (Tables 2, 3). As a result of differences
in the date an ICU switched to 2 % CHX-a during the
3SITES trial for catheter disinfection and care, the dis-
tribution of each product in each ICU was also different.
As expected, the standardized difference between groups
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Table 1 Multivariate Cox analysis of catheter-related
infection (CRI) and catheter-related bloodstream infection
(CRBSI) in the 3SITES cohort study (n = 3471)

Antiseptic®

5% PVl-a 1 [reference] 1 [reference]
(4-step)

2 % CHX-a 0.51(0.28-0.96) 0.037 0.83(0.38-1.79) 0.63
(1-step)

<1 9% CHX-a 0.73(0.36-1.48) 037 0.93(0.37-2.37) 094
(4-step)

10 % PVI (4-step) 1.50 (0.85-2.64) 0.16 1.17(0.49-2.81) 0.73

Other or 0.82(0.21-3.18) 0.82 0.87(0.12-6.31) 0.89
unknown

Site of insertion®

Subclavian 1 [reference] 1 [reference]

Femoral 3.61(1.80-7.27) 00003 262 (1.02-6.73) 0.046

Jugular 3.17 (1.60-6.29) 0.001 2.63(1.09-6.37) 0.032
Neutropenia 2.86(1.32-6.18) 0008  357(1.31-9.70) 0.01

<500/mm?
Body massindex  1.04 (1.00-1.08) 0.08 - -
Age 0.98 (0.97-1.00) 0.01 0.98 (0.96-1.00) 0.05
COPD - - 2.08(1.01-4.27) 0.05

CRI catheter-related infection, CRBSI catheter-related bloodstream infection,
aHR adjusted hazard ratio, Cl confidence interval, 5 % PVI-a 5 % povidone-
iodine/69 % ethanol, 2 % CHX-a colored 2 % chlorhexidine/70 % isopropyl
alcohol, <7 9% CHX-a 0.25 % chlorhexidine, 0.025 % benzalkonium chloride,
or 4 % benzylic alcohol, 0.5 % chlorhexidine/75 % ethanol, 10 % PVI 10 %
povidone-iodine, COPD chronic obstructive pulmonary disease

@ Type Il p values were 0.05 for CRI and 0.97 for CRBSI
b Type Ill p values were 0.001 for CRI and 0.09 for CRBSI

comparing baseline patient and catheter characteristics
tended to be reduced and all were less than 10 % after
matching on the propensity score (Fig. S3).

Catheter infection risk

The Kaplan—-Meier curves of CRI and CRBSI by anti-
septic group from IPWT and PSM analyses are shown
in Fig. 2. Colonization results are shown in the Supple-
mental Appendix. Microorganisms identified on cultured
catheter tips are presented by study group in the PSM
analysis in the Supplemental Appendix Table S2.

The results of the IPWT and PSM survival analyses are
presented in Fig. 2.

The unadjusted incidence of CRI was higher in the
PVI-a group compared with the 2 % CHX-a group [6.8
versus 2.0 per 1000 catheter-days, respectively; HR, 0.32;
95 % CI (0.16, 0.64), p = 0.001]. This difference remained
significant after PSM [HR, 0.35; 95 % CI (0.15, 0.84),
p = 0.02] and in the IPWT analyses [HR, 0.31; 95 % CI
(0.14, 0.70), p = 0.005].

Regarding CRBSI, the unadjusted incidence was simi-
lar between the PVI-a group and the 2 % CHX-a group
[2.4 versus 1.5 per 1000 catheter-days, respectively, HR,
0.67; 95 % CI (0.25, 1.76), p = 0.42]. The same was true
after PSM [2.6 in the PVI-a group versus 2.0 per 1000
catheter-days in the 2 % CHX-a group; HR, 0.78; 95 % CI
(0.24, 2.56); p = 0.68] and in the IPWT [HR, 0.55; 95 %
CI(0.20, 1.55), p = 0.26] analyses.

When we replicated the IPWT analysis among the two
ICUs #2 and #6 which started inclusion contemporane-
ously to the four ICUs analyzed in the quasi-experimen-
tal study and which did not change the antiseptic during
the study (Supplemental Appendix Fig. S1), the risk of
CRI was similar between the two periods [HR, 1.24; 95 %
CI (0.25-6.19), p = 0.80].

Safety

There were no reports of severe contact dermatitis asso-
ciated with the 2 % CHX-a or PVI-a during the follow-
up. After dressing removal, mild erythema or superficial
desquamation under the dressing was reported in three
out of 1116 catheters in the 2 % CHX-a group (0.3 %)
and none in the PVI-a group. These symptoms resolved
within 24 h after discontinuation of 2 % CHX-a and with-
out further intervention.

Discussion

The risk of CRI consistently decreased with the use of
alcoholic 2 % chlorhexidine compared with the use of
alcoholic 5 % povidone—iodine in the multivariate cohort
study and the quasi-experimental study. The number
of CRBSI was low and the risk of CRBSI was similar
between antiseptic groups in all analyses.

There was no control over assignment of catheters to
the antiseptic used. Therefore, internal validity needs to
be discussed. Although the cohort study allowed us to
compare several antiseptic products, we could not con-
trol for any center effect. For example, all the catheters
which received <1 % CHX-a were from ICUs #6, #9, and
#10. Moreover, the <1 % CHX group is a mixture of two
different antiseptics, one of which contains a very low
concentration of alcohol. This prompted us to develop
the quasi-experimental study. In this subanalysis, selec-
tion bias is not likely because all consecutive catheters
were included during the two periods of different anti-
septic use within each ICU. Also, a seasonality effect
would be limited by the fact that each ICU introduced
alcoholic chlorhexidine at different periods of time (Sup-
plemental Appendix Fig. S1), similar to a stepped wedge
design [19]. In addition, our exploratory analysis among
ICUs which did not modify their antiseptic product did
not support the hypothesis of a decreased incidence
during the second period. Of note, the site of insertion
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Table 2 Baseline patient characteristics in the quasi-experimental study

Age (years), mean £ SD 6234+ 152 6124158 6244152 62.14+15.2
Men, n (%) 307 (64.5) 725 (65.0) 244 (62.9) 248 (63.9)
APACHE

Mean 4 SD 257 £10.1 26.1+£99 2634+103 263 4£102

Median (IQR) 24 (19-31) 25 (20-32) 25 (19-32) 25(19-32)
SAPS I

Mean + SD 552+189 557 +£192 560+ 19.1 555+193

Median (IQR) 53 (42-66) 55 (42-67) 54 (43-66) 55 (41-67)
SOFA

Mean + SD 88+39 89+50 89438 87+42

Median (IQR) 9(6-11) 9(6-12) 9(7-11) 9(5-12)
Body mass index, mean =+ SD 267+58 263 £6.1 26757 271165
Diabetes mellitus, n (%) 104 (21.9) 242 (21.7) 87 (22.4) 84 (21.7)
COPD, n (%) 72 (15.2) 150 (14.2) 58 (15.0) 59(15.2)
Chronic kidney disease, n (%) 59(124) 106 (9.5) 50(12.9) 48 (124)
Hypertension, n (%) 236 (49.6) 480 (43.0) 189 (48.7) 181 (46.7)
Other comorbidity?, n (%) 146 (30.7) 443 (39.7) 127 (32.7) 137 (35.3)
AIDS, n (%) 6(1.3) 19(1.7) 5(1.3) 4(1.0)
Cancer, n (%) 45 (9.5) 75 (6.7) 36 (9.3) 37 (9.5)
Neutrophil count < 500/mm?>, n (%) 6(1.3) 11 (1.0) 3(0.8) 5(1.3)
Other immunodeficiency? n (%) 48 (10.1) 157 (14.1) 42 (10.8) 47 (12.1)
Antibiotic therapy, n (%) 272 (57.1) 662 (59.3) 226 (58.3) 232 (59.8)
Tracheotomy, n (%) 14 (2.9) 16 (1.4) 13(34) 10 (2.6)
Spontaneous ventilation, n (%) 99 (20.8) 191 (17.1) 79 (20.4) 78 (20.1)
Mechanical ventilation, n (%) 366 (76.9) 882 (79.0) 301 (77.6) 305 (78.6)
ICU

#1 150 (31.5) 406 (36.4) 123 (31.7) 134 (34.5)

#4 192 (40.3) 632 (56.6) 192 (49.5) 180 (46.4)

#5 51(10.7) 42(3.8) 38(9.8) 38(9.8)

#7 83 (17.5) 36 (3.2) 35(9.0) 36 (9.3)

CHX-a alcoholic 2 % chlorhexidine, PVI-a alcoholic 5 % povidone-iodine, COPD chronic obstructive pulmonary disease, AIDS acquired immunodeficiency syndrome

# Which are not listed above

was randomized in each ICU and thus the distribution
of this major risk factor for catheter infection [9] was
similar among the antiseptic groups, by design. Never-
theless, some differences (i.e., standardized difference
>10 %) regarding baseline characteristics between groups
remained (Fig. S2), raising the concern of confounding.
The use of multivariate models (cohort study) and pro-
pensity scores which mimics an experimental design by
balancing risk factors for catheter infection (quasi-exper-
imental study) may have contributed to limit this risk of
bias. Noteworthy, the risk factors and outcomes used in
this study were prospectively collected and monitored as
a part of the 3SITES randomized trial, which targeted the
risk of catheter infection as the primary outcome.

We are aware of only one randomized comparison
between alcoholic 2 % chlorhexidine and alcoholic 5 %
povidone—iodine for the prevention of CRI, which dem-
onstrated the superiority of 2 % CHX-a over PVI-a for
reducing CRBSI [8] in arterial, hemodialysis, and cen-
tral venous catheters. In contrast with the CLEAN study
[8], we studied only central venous catheters and there-
fore compared our study with the subsample of central
venous catheters reported in the CLEAN study. Although
the proportionality of the hazard ratio was met, examina-
tion of the Kaplan—Meier curves suggests the superior-
ity of 2 % CHX-a after day 7 of catheterization (Fig. 2),
a result consistent with the long-term activity of chlo-
rhexidine also found by others using chlorhexidine [20].
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Table 3 Baseline catheter characteristics and follow-up in the quasi-experimental study

Catheter insertion site, n (%)

Femoral 165 (34.7) 363 (32.5) 139 (35.8) 136 (32.5)
Jugular 166 (34.9) 418 (37.5) 133 (34.3) 139 (35.8)
Subclavian 145 (30.5) 335(30.0) 116 (29.9) 123 (31.7)
Duration of catheterization (days)
Mean + SD 62+47 58443 59445 63+49
Median (IQR) 5.0(3-9) 5.0 (3-8) 50 (2-8) 5.0(3-9)
Reason for catheter removal, n (%)
No longer required 246 (51.7) 634 (56.8) 202 (52.1) 203 (52.3)
Death 103 (21.6) 213 (19.1) 85(21.9) 73(18.8)
Suspected catheter infection 77 (16.2) 180 (16.1) 65 (16.8) 72 (18.6)
Systematic 16 (3.4) 23 (2.1) 13 (34) 6 (1.5)
Dysfunction 3(0.6) 6 (0.5) 2(0.5) 2(0.5)
Other or unknown 31 (6.5) 60 (5.4) 21 (54) 32(82)
Catheter-Related Infection Catheter-Related Bloodstream Infection
1.0 —— 10 — )
IPTW - ‘
038  via 038
— 2% CHX-a
PVI-a 2% CHX-a PVI-a 2% CHX-a
3 0.6 CVCDay 2951 6473 3 0.6 CVC-Day 2951 6473
£ Z
a2 Events 20 13 E, Bvents | 7 10
0.4 0.4
Hazard ratio 0.31 [0.14-0.70] Hazard ratio 0.55 [0.20-1.55]
P-value=0.005 P-value=0.26
0.2 0.2
PVI-a 476 278 106 28 7 476 278 106 28 7
2% CHX-a gq | 1116 614 190 51 13 0.0 1116 614 190 51 13
0 5 10 15 20 25 30 0 5 10 15 20 25 30
1.0 —_—
PSM —_ 10 —
0.8 T 08
PVI-a 2% CHX-a
0.6 PVI-a 2% CHX-a
E = 06 CVC-Day 2283 2444
H CVC-Day 2283 2444 e
a E Events 6 5
0.4 Events 18 7 7] 04
. Hazard ratio 0.78 [0.24-2.56]
Hazard ratio 0.35 [0.15-0.84]
Pvaluec0 02 P-value=0.68
0.2 0.2
PVI-a 388 220 79 17 4 388 220 79 17 4
2% CHX-a (0|38 224 86 30 5 0.0 388 204 86 30 5
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Duration of catheterization (days)

Duration of catheterization (days)

Fig. 2 Kaplan—Meier curves of time to catheter-related infection (left) and catheter-related bloodstream infection (right) by CHX-a and PVI-a groups
in the quasi-experimental study. CVC central venous catheters, HR hazard ratio, Cl confidence interval, IPWT inverse probability weighting treatment
model, PSM propensity score matched
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Interestingly, the incidence of CRI was significantly lower
in the 2 % CHX-a group compared with the PVI-a group,
a result that was not found in CLEAN despite a large
sample size, possibly owning to the low incidence rate of
CRI in the PVI-a group. This finding reinforces the role of
2 % CHX-a in reducing risk of CRI within the subgroup
of central venous catheters. Nevertheless, the incidence
of CRBSI was similar in both groups.

The discrepancy between CRI and CRBSI could be
explained by several factors. First, the number of CRBSI
was low and therefore our study was probably not pow-
ered to demonstrate a significant difference for this
end point. Second, the duration of catheterization was
rather short (median of 5 days). Therefore, the subset of
colonized catheters which qualified for our CRI defini-
tion could have been removed before the occurrence
of a CRBSI as a result of the daily assessment of central
venous catheterization and prompt removal of catheters
when no longer needed. Third, patients on systemic anti-
biotics at the time of blood cultures for CRI that had
activity against the organism isolated from the catheter
tip could explain a positive colonization with negative
concomitant blood cultures.

Although there are reports of severe cutaneous reac-
tions to chlorhexidine [8, 21], there were no reports of
severe contact dermatitis following administration of the
2 % CHX-a in this study. Severe skin reaction occurred in
27 patients randomized to the 2 % CHX-a in the CLEAN
study [8], but only two patients had to discontinue
2 % CHX-a.

We are aware of limitations. First, this study was not
randomized. Thus, residual confounding may persist
despite the use of multivariate or propensity-adjusted
analyses. Although we were able to compare 5 % PVI-a
to other antiseptics used in the 3SITES cohort, including
<1 % CHX concentrations, only patient and catheter char-
acteristics could be controlled for but not ICU level char-
acteristics. In addition, the sample size in the <1 % CHX
group was three times lower than in the 2 % CHX-a group,
limiting our ability to detect significant differences in the
cohort study. This remains an area for future research
with more robust design [22]. Third, the superiority of
2 % CHX-a was found for CRI but not CRBSI, which may
limit its clinical relevance, in particular because sepsis
resolution after catheter removal was not incorporated.
Of note, CRBSI is highly correlated with catheter tip colo-
nization [23] included in the CRI definition. On the other
hand, the superiority of 5 % PVI-a over aqueous 10 % PVI
has been demonstrated for CRI but not CRBSI [6] and
had nonetheless influenced national guidelines [2, 24].
Fourth, the cutaneous tolerance of the antiseptic was not
an outcome of the 3SITES study. Thus underreporting of
side effects in the catheter follow-up cannot be excluded.

Finally, compliance to antiseptics use was not monitored.
Therefore our results are more likely to reflect effective-
ness than efficacy.

To prevent CRBSI, optimization of a patient’s skin dis-
infection is only part of the central venous catheter care
bundle [25]. Standardization of infection control practices
and techniques [26] during multicomponent educational
intervention such as those developed in the US Keystone
ICU project are important and cost-effective [27].

In conclusion, our cohort and causal analyses from
the 3SITES randomized controlled multicenter study
strengthen the level of evidence of the superiority of one-
step 2 % CHX-a compared with four-step 5 % PVI-a used
for cutaneous disinfection before central venous cath-
eterization and catheter care in reducing risk of catheter
infection in ICU patients.
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