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Abstract

Purpose The reduction of central venous line (CVL)-

associated bloodstream infections (CLABSIs) is generally

advocated. However, despite implementing infection pre-

vention recommendations, CLABSI rates remain high at

some institutions. Therefore, a chlorhexidine-containing

dressing should be assessed for its potential for infection

reduction, adverse events (AEs) and practicability.

Methods The number of CVLs, CVL days, CLABSIs and

CLABSI rates with regard to the kind of dressing (standard

vs. chlorhexidine-containing) were documented from

November 2010 to may 2012 (1,298 patients with 12,220

CVL days) at two intensive care units (ICUs) and com-

pared to historical controls. The practicability and safety of

the chlorhexidine-containing dressing and reasons for not

using this dressing were assessed.

Results Forty CLABSIs occurred in 34 patients, resulting

in a significantly lower overall CLABSI rate in patients

with the chlorhexidine-containing dressing [1.51/1,000

CVL days; confidence interval (CI): 0.75–2.70] compared

to patients with the standard dressing (5.87/1,000 CVL

days; CI: 3.93–8.43; p \ 0.0001). The CLABSI rate in

historical controls receiving the standard dressing was 6.2/

1,000 CVL days. The main reason for not using chlorh-

exidine-containing dressing was bleeding at the insertion

site. AEs occurred in five patients and represented self-

healing skin macerations (3 cases) and superficial skin

necrosis (2 cases).

Conclusions In case of high CLABSI rates despite the

implementation of standard recommendations, our findings

suggest that a chlorhexidine-containing dressing safely

decreases CLABSI rates.
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Purpose

Device-associated infections are a major source of mor-

bidity and mortality, despite often being preventable [1–5].

Patients in intensive care units (ICUs) represent a popula-

tion that is particularly prone to such infections [2, 4, 6, 7].

Central venous line (CVL)-associated bloodstream infec-

tions (CLABSIs) are known to prolong the length of hos-

pital stay, increase costs and increase mortality by as much

as 35 % [3, 4, 7]. Consequently, national and international

infection prevention recommendations highlight the need
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to strongly implement and adhere to standard CLABSI

prevention measures. However, despite the implementation

of such infection control guidelines, CLABSI rates

remained high compared to benchmark systems in some

hospital settings, such as our ICUs.

Chlorhexidine-containing devices such as sponges and

dressings represent an additional CLABSI infection con-

trol tool due to the inhibition of the skin flora and have

already been shown in previous studies to be beneficial in

reducing CLABSI rates [8, 9]. Despite the implementation

of standard infection control recommendations targeted at

reducing CLABSI rates, they remained high at our ICUs.

Therefore, the aim of our investigation was to assess the

practicability and efficacy of a chlorhexidine-containing

dressing to reduce CLABSI potential and adverse events

(AEs). For this purpose, we went beyond a randomised

trial situation in order to obtain a real-life snapshot and

performed CLABSI surveillance and compared the

CLABSI rates in patients with the chlorhexidine-contain-

ing dressing and those with the standard dressing. In

addition, we also assessed the safety profile of chlorhex-

idine-containing dressing by quantifying the rate and type

of AEs.

Methods

Setting and patients

This study was performed at the University Hospital

Aachen, Germany, a tertiary care centre. A medical ICU

(MICU) and a cardiology ICU (CICU), each with 14 beds,

participated in this study. The investigation lasted

19 months, from November 2010 to May 2012. For

comparison, historical CLABSI rates were documented

using the same criteria for infection from 1999 to 2010

(Fig. 1).

Standard infection control

Standard infection control recommendations targeted at

reducing CLABSI rates had been established before the

beginning of the investigation. For example:

• High compliance with hand hygiene (participation in

the national benchmark system with disinfectant usage

[90th percentile; hand hygiene teachings, audits with

feedback on a regular basis). Hand disinfection was

assessed by both continuous measurement of hand rub

consumption since 2003 and by direct observation

according to the World Health Organization (WHO)

standard (‘‘My five moments for hand hygiene’’).

Alcoholic hand rub consumption increased from 66

l/1,000 patient-days in 2003 to 151 l/1,000 patient-days

in 2011 at the MICU, and from 105 l/1,000 patient-days

in 2003 to 184 l/1,000 patient-days in 2011 at the

CICU, respectively.

• In addition, the ‘‘insertion bundle’’ (full-barrier precau-

tions during CVL placement according to [5]) along

with a checklist for CVL placement as well as skin

antisepsis with 0.1 % octenidine dihydrochloride and

2 % 2-phenoxyethanol (octenisept�) since 2007.

• Furthermore, standard operation procedures for the

preparation and application of i.v. medications; safe

injection practices as well as the surveillance of device-

associated infections, including CLABSI, since 1999,

including data feedback and troubleshooting.

• Finally, use of the subclavian site rather than the

jugular site when possible. Also, note that, for MICU

patients, the femoral vein was avoided, and for CICU

patients with a femoral vein catheter after cardiopul-

monary reanimation, the catheter was changed as soon

as possible according to the guidelines.

• The healthcare personnel have been educated regarding

the indications for intravascular catheter use, proper

procedures for insertion and maintenance, and

Fig. 1 Historical central

venous line (CVL)-associated

bloodstream infection

(CLABSI) rates (95 %

confidence intervals indicated)
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appropriate infection control measures. Adherence to

the standard operation procedures and the guidelines

has been assessed periodically, according to the

guidelines.

Intervention

In October 2010, the chlorhexidine-containing dressing

(3M, St. Paul, MN, USA) was introduced and its applica-

tion trained with the goal of using chlorhexidine-containing

devices instead of the normally used CVL dressing for each

CVL case. Contra-indications for its use were bleeding

disorders and known allergic reactions to chlorhexidine.

Data collection

In 1999, the surveillance of device-associated infections

according to the Centers for Disease Control (CDC,

Atlanta, GA, USA)/Krankenhaus-Infektions-Surveillance-

System (KISS, Berlin, Germany) definitions started at the

University Hospital Aachen. Both ICUs were enrolled for a

three-month surveillance period each year. Surveillance

was performed by the same team during ward rounds since

the beginning. For reasons of comparability, only the

microbiologically positive CLABSIs (B1 according to the

German definition) were considered in the data analysis—

this is also in line with the ITS-KISS guidelines that only

include microbiologically proven CLABSIs in their sur-

veillance data. The indication to draw blood cultures did

not change with time.

During the intervention period from October 2010 to

May 2012, continuous surveillance was performed,

including documenting the dressing type used and evalu-

ating any AEs in association with the chlorhexidine-con-

taining dressing. As a proxy for morbidity, age and sex, we

evaluated the well-documented CLABSI cases and found

that CLABSI patients with the chlorhexidine-containing

dressing did not differ significantly from those with the

standard dressing for age (65 vs. 64 years), sex (mal-

e:female; 8:3 vs. 13:10), average length of stay in the ICU

(both 28 days), length of stay before CLABSI (12 vs.

13 days) and additive EURO score (2.6 vs. 2.5).

For statistical reasons, CLABSI rates in patients

receiving the chlorhexidine-containing dressing were

compared with controls from similar periods, i.e. the last

two months in 2010, the first three months in 2011 and

2012. In additional, the rates among patients receiving the

standard dressing were compared with the historical

CLABSI rates, leading to similar results.

The local Ethics Committee approved the surveillance

study and suggested that informed consent was not necessary.

Statistical methods

We calculated accumulated person times and rates per ICU

and computational method. We used the methodology

developed by Ulm [10] to calculate the 95 % confidence

intervals (95 % CIs) for individual rates. Further, we fitted

a Poisson regression model to the rates, accounting for the

effect of the ICU and chlorhexidine-containing dressing

use or not. We used PROC GENMOD from the SAS�

version 9.1 software under Windows XP for the compu-

tations. Effects were assessed as being significant if the p-

value fell below the significance margin of 5 % (0.05). We

described our results as incidence rate ratios (IRRs) with

corresponding 95 % CIs.

Results

A total of 1,298 patients with 12,220 CVL days were

enrolled in our study and 7,282 CVL days (59 %) with and

4,938 CVL days without the chlorhexidine-containing

dressing (41 %) were calculated. A total of 40 CLABSIs

occurred in 34 patients: 11 in the chlorhexidine-containing

dressing group and the remaining 29 in the standard

dressing group. The CLABSI rates in patients with the

antiseptic device were significantly lower, with 1.51/1,000

CVL days (95 % CI 0.75–2.70) compared to 5.87/1,000

CVL days (95 % CI 3.93–8.43) in patients with the stan-

dard dressing. No significant influence of ICU type was

observed regarding the CLABSI rate (p = 0.8654); how-

ever, a significant difference (p \ 0.0001) among the

chlorhexidine-containing dressing versus the standard

dressing group was clearly seen. Moreover, the CLABSI

rates in patients receiving the standard dressing did not

differ from the historical controls (Table 1). The reduced

CLABSI rate was mainly driven by lowering the number of

Gram-positive bacterial infections, i.e. 1.24/1,000 CVL

days when using the chlorhexidine-containing dressing

compared to 5.47/1,000 CVL days with the standard

dressing. In contrast, the CLABSI rates due to

Gram=negative bacterial infection were the same, at 0.41/

1,000 CVL days. A detailed microbiological analysis is

provided in Table 1.

The major contra-indication for the use of chlorhexi-

dine-containing dressing was a bleeding disorder resulting

in long-lasting bleeding from the catheter insertion site,

and the rate of AEs was low at 0.39/1,000 CVL days, and

included three self-healing skin macerations and two skin

necrosis. Notably, all AEs occurred during the first two

months of the observation. The durability of the dressing

was estimated to be 7 days.

Reduction of central line-associated bloodstream infection rates
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Discussion

Almost 60 % of all types of hospital-acquired bloodstream

infections originate from some form of vascular access

[11]. For this reason, ICU practices have increasingly

focussed on the development of reliable and safe vascular

access procedures, with the specific aim of decreasing

CLABSI rates. However, despite infection control stan-

dards to promote adequate hygiene, e.g. proper hand and

skin disinfection, as well as maximal sterile barrier pre-

cautions, the CLABSI rates still remain high in some

hospital settings [12, 13]. From our previous study using

three-month surveillance intervals at our ICUs, we know

that this factor does not influence the results [13].

Since our historical rates were well above the bench-

mark data, we have implemented the routine use of a

chlorhexidine-containing dressing for all patients in our

medical ICUs since November 2010. This study indicates

that using chlorhexidine-containing devices in daily routine

decreases CLABSI rates in ICU patients. For example, the

CLABSI rates in patients with this new dressing were

lower at 1.51/1,000 CVL days (95 % CI 0.75–2.70) com-

pared to both historical controls at 6.2/1,000 CVL days and

patients cared for at the same time with the standard

dressing at 5.87/1,000 CVL days (95 % CI 3.93–8.43).

These results are in line with recently published data by

Timsit et al. In their randomized controlled trial, this group

showed a significant reduction of CLABSI rates to 0.5

CLABSI/1,000 CVL days with the chlorhexidine-contain-

ing dressing compared to 1.5 CLABSI/1,000 CVL days

with the standard dressing in a clinical trial setting [14].

National and international benchmarks revealed a

CLABSI rate of 2.0/1,000 CVL days (pooled mean) for

CICUs and 2.6/1,000 CVL days for MICUs at teaching

hospitals, as well as an average CLABSI rate of 1.9/1,000

CVL days for other medical ICUs [CDC, National

Healthcare Safety Network (NSHN) hospitals] [15]. In a

German study, KISS participants reported a primary

CLABSI rate of 1.3/1,000 CVL days (pooled mean) for 96

different MICUs [16]. Notably, the rates in this study were

still above the 75th percentile, despite frequent staff training

and educational programmes for hygiene procedures, along

with the introduction of standard protocols for the insertion

and care of CVLs, infection control audits, intensified and

multi-faceted hand hygiene programmes, infectious disease

visits on a regular basis and regular review of surveillance

data. Thus, further effort is necessary in order to reach a

widely suggested threshold of 1/1,000 CVL days [6, 17, 18].

In our study, the reduction in CLABSI rates was mainly

a result of fewer infections due to Gram-positive bacterial

infection. Of note is that CLABSI rates due to these

microorganisms differed markedly, with a rate of 1.24/

1,000 CVL days when using a chlorhexidine-containing

dressing versus 5.47/1,000 CVL days with the standard

dressing. Interestingly, there was clearly no difference in

the CLABSI rates due to Gram-negative bacterial infection

(0.41/1,000 CVL days), independent of the type of dressing

used. However, in regard to the microbiological activity of

chlorhexidine, it is feasible that Gram-positive microor-

ganisms representing the skin flora were more susceptible

to the new dressing than Gram-negative ones [19].

For clinical reasons, the low rate of AEs (0.39/1,000

dressing days) was a positive result, especially because all

events occurred during the first three months of the

investigation. Furthermore, the durability of the chlorhex-

idine-containing dressing was confirmed to be 7 days,

meaning that the dressing did not have to be as frequently

changed, thereby, lowering the risk of infection.

However, a high number of catheter-days occurred with

standard dressings for bleeding reasons. Bleeding is not a

known risk factor for CLABSI and patients without the

new dressing seemed to be no more severely ill than those

Table 1 Microbiological

characterisation of central

venous line (CVL)-associated

bloodstream infections

(CLABSIs) depending on the

type of dressing (chlorhexidine-

containing dressing vs.

standard)

It is of note that some CLABSIs

revealed more than one

pathogen

CL central line, CLABSI central-

line-associated blood stream

infection

Type of bacterial infection and

CLABSI rates

Chlorhexidine-containing

dressing (11 infections)

Standard dressing

(29 infections)

p-Value

Gram-positive 9 27 0.300

Coagulase-negative staphylococci 6 14 1.000

Staphylococcus aureus 1 5 1.000

Enterococci 2 8 0.696

Gram-negative

Gram-negative rods 3 2 0.117

Fungi

Candida spp. 0 1 1.000

Involvement of Gram-positive/

Gram-negatives in infections (%)

Gram-positive 82 % 93 %

Gram-negative 27 % 7 %
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receiving the new dressing. Therefore, it is at least rea-

sonable to regard the difference in the infection rates as a

realistic one.

There are several limitations to our ‘snapshot’ study. For

example, we had a single-centre design with only two

medical ICUs, as well as being a surveillance study without

any randomisation. In addition, we did not take into account

the impact of the numbers of CVLs in place simulta-

neously—previously shown as a risk factor for CLABSI

[20]—nor was the presence of arterial catheters assessed.

Future studies will, therefore, need to be designed and

conducted in order to address these issues. Taken together,

the chlorhexidine-containing dressing seems to decrease the

overall CLABSI rates in ICU patients and that this reduc-

tion is mainly due to the lowering of the number of Gram-

positive bacterial infections. Thus, in hospital settings with

high CLABSI rates despite implementing standard infection

prevention measures, the use of a chlorhexidine-containing

dressing offers a safe additive infection control strategy to

help lower infection potential and rates.
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