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Catheter-related infections (CRIs) are common, life-
threatening healthcare-associated infections in intensive
care unit (ICU) patients. Accumulating evidence suggests
that the incidence of these infections can be decreased
through discrete processes of care (Table 1) [1]. Because
microorganisms from the skin at the site of catheter
insertion are often the source of CRI [2], optimal skin
preparation prior to short-term catheter placement is an
example of such a discrete process.

The best antiseptic solution to decontaminate the skin
prior to catheter insertion is still debated. One meta-anal-
ysis of eight randomized studies clearly demonstrated
that 10 % aqueous povidone iodine (PVI) was associated
with a twofold increase in catheter-related bloodstream
infection (CR-BSI) compared to chlorhexidine gluconate
(CHG), spurring recommendations to avoid aqueous
PVI for skin preparation [3]. Subsequently, another study
demonstrated 5 % alcoholic PVI to be more effective than
10 % aqueous PVI in preventing catheter colonization.
Reductions in bacterial colonization in this study were
attributed to synergy between PVI and alcohol rather
than the iodine component, which was reduced by 50 %
[4]. As similar synergistic effects also exist with CHG and
alcohol, alcoholic formulations are now recommended as
first-line antiseptic solutions for catheter care. Unfortu-
nately, few head-to-head studies have compared alcoholic
formulations of PVI to CHG such that the “active ingre-
dient” for preventing CRI remains unclear [5]. In a single-
center randomized trial of 481 central venous catheters,
use of a mixture of 0.25 % CHG, 0.025 % benzalkonium
chloride, and 4 % benzyl alcohol led to a 50 % reduction
in catheter colonization compared to 5 % alcoholic PVI
[6]. A subsequent before—after study comparing the same
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antiseptic formulation with 806 central venous catheters
also confirmed these findings [7]. However, use of a mix-
ture of three compounds in the CHG arm and limited
statistical power attenuated insights from these studies.

Such ambiguities led to important differences in
national recommendations for skin disinfection prior
to catheter placement. For example, US [8] and English
[9] guidelines recommended 2 % CHG in alcohol while
French [10] guidelines recommend an alcoholic formula-
tion of either PVI or CHG. Furthermore, Centers for Dis-
ease Control and Prevention recommendations [8] did
not provide advise on cleansing the skin before applying
the antiseptic (an approach that may improve antiseptic
efficacy by reducing the amount of bacteria and proteina-
ceous material on the skin [11]), while French guidelines
recommended cleansing the skin with a detergent before
disinfection [10]. Until recently, no large randomized tri-
als have tested skin cleansing with an antiseptic detergent
before antisepsis.

To bridge these gaps, we conducted a randomized, multi-
center (11 ICUs), 2 x 2 factorial design study and assigned
2349 patients (5159 catheters) to have all intravascular
catheters prepared with 2 % CHG/70 % isopropyl alcohol
(ChloraPrep™, CareFusion, France) or 5 % PVI/69 % etha-
nol (Betadine alcoolique™, Meda Pharma SAS, France),
applied in one step (one antiseptic application) or four
steps (cleaning the skin with antiseptic detergent, rinsing
with sterile water, and drying with sterile gauzes prior to
antiseptic application) [12]. We used CRI and CR-BSI as
study endpoints because they are more robust and clini-
cally meaningful than colonization outcomes. As a result
of different colors and formulations of the antiseptics,
masking of ICU staff was not feasible, but outcome asses-
sors and statisticians were blinded to assignment.

Compared to PVI/alcohol use, CHG/alcohol use was
associated with a fivefold to sixfold decrease in the inci-
dence of CRI and CR-BSI. CHG/alcohol was superior
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Table 1 Basic bundle to prevent catheter-related infection

Use written protocol for catheter insertion and maintenance
Rub hands with alcohol-based solutions before each line manipulation
Respect full-barrier precaution at catheter insertion

Cleanse the skin with a 2 % chlorhexidine/70 % isopropyl alcohol sterile
solution

Select subclavian vein as preferred access in the absence of contraindi-
cations®

Change non-adherent, soiled, or moistened dressing
Remove catheters that are clinically no longer necessary

Basic bundle to be completed with others items such as chlorhexidine dressings
or use of antimicrobial coated/impregnated catheters in case of high catheter-
infection rate despite adequate application and adherence to the basic bundle

2 Assumes competency in placing subclavian catheters, including assessment of
risk-benefit with respect to mechanical complications such as pneumothorax

regardless of admission category (medical or surgical
patients), catheter type (arterial or central venous cath-
eters), site of insertion (subclavian, internal jugular, or
femoral veins), or bacteria isolated (gram-negative or
gram-positive organisms). Cleansing the skin before
CHG/alcohol or PVI/alcohol application did not reduce
CRI. Severe skin reactions, although rare, were the most
common adverse event, occurring more frequently with
CHG/alcohol (3 % versus 1 %, p = 0.017). Switching from
PVI/alcohol to 2 % CHG/alcohol was also cost-effective:
the additional cost to prevent a single episode of CRI
using CHG/alcohol was €227 on average versus the esti-
mated cost of €19,583 per CRI in similar patients [13].

Nevertheless, several questions regarding optimal
skin preparation remain. For instance, we included only
short-term intravascular catheters and used a single-use
applicator of 2 % CHG/70 % isopropyl alcohol sterile
solution. Whether our results can be extended to cath-
eters remaining in place for longer periods of time such
as peripherally inserted devices, epidural catheters, or for
skin preparation before surgery remains to be established.
Similarly, because we used fixed, commercially available
combinations, we could not determine the optimal con-
centration of CHG, type and concentration of alcohol, or
the value of colored preparations in ensuring disinfection
of the entire operative field. The 2 % CHG/70 % alcohol
is superior to 0.5 % CHG/70 % alcohol solution for skin
antisepsis before surgery [14]. Consequently the superi-
ority of 2 % CHG/70 % alcohol preparation should not
be extrapolated to CHG solution in lower concentration.
Finally, although use of hands-free applicators to apply
antiseptic solutions has theoretical advantages over use
of sterile gauzes, further studies are required to address
the optimal modality of antiseptic application on skin as
well as the potential benefit of single-use vials containing
sterilized antiseptic over multi-use bottles.

While bacterial resistance is important with use of any
antimicrobial agent, there is no report of CHG-resistant
strains or shift in a cutaneous flora less susceptible to
CHG in the clinical setting despite decades of use. How-
ever, increase in minimum inhibitory concentration has
been observed and needs to be cautiously monitored.
It still remains far below the concentrations reached
on skin in usual care [15]. Regardless, physicians must
remain mindful of the risk of selection of resistant strains
associated with increasing CHG use. Developing the
armamentarium of effective antiseptics should therefore
be a priority moving forwards. New solutions containing
octenidine dihydrochloride [16], 4 % CHG [17], or new
hypochlorite solutions [18] should be tested in the near
future. With these advances in technology and richer
understanding of factors that ensure adherence to best
practices, getting to a zero rate of CRI certainly seems
within reach.

In conclusion, use of sterile 2 % CHG/70 % isopropyl
alcohol for skin antisepsis should be included in all bun-
dles for intravascular short-term catheter-related infec-
tion prevention. Cleansing the skin with an antiseptic
detergent before skin antiseptic application can no longer
be recommended.
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