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ORIGINAL ARTICLE

Efficacy of a chlorhexidine-gluconate impregnated patch for prevention
of catheter-related infections in pediatric patients: systematic review
and meta-analysis

Rodolfo Rivas Ruiz,'23 Miguel Angel Villasis Keever,® Maria Guadalupe Miranda Novales,?
Daniel Castelan Martinez," Nalleli Vivanco Mufoz," Gabriela Chico Barba,' and Patricia Clark'?

ABSTRACT

Background. Nosocomial infections are risk factors related to intrahospital mortality. Among other factors, these infections are strongly
associated with invasive devices. In pediatric patients, the central venous catheter (CVC) is one of the most frequently related device-
associated bloodstream infections. The aim of this study was to evaluate the efficacy and safety of a chlorhexidine-gluconate impregnated
patch (CHGp) in reducing infections related to CVC in pediatric patients.

Methods. We conducted a systematic review and meta-analysis. An electronic search of the literature (Medline, EMBASE, Lilacs and the
Cochrane Library Plus) from 1966 to December 2010 was carried out for clinical trials comparing the CHGp vs. standard case management
for prevention of catheter tip colonization (CTC); bloodstream infections (BSI) were retrieved.

Results. Only two clinical trials were found with a total of 850 participants. Patients randomized to the CHGp group showed a lower in-
cidence of CTC than the control group (14% vs. 25%), relative risk [RR]: 0.61, 95% confidence interval [Cl 95% (0.45, 0.81)], p = 0.001),
with a number needed to treat of 11. BSI showed a RR: 1.14, ([Cl 95% (0.57, 2.28)], p = 0.71). Adverse events were found mainly in the
CHGp group and were described as local skin reactions in 5.6% (RR 8.17 [95% CI: 1.19-56.14], p = 0.04). Local necrosis was present in
only two infants of very low birth weight (0.48%).

Conclusions. This meta-analysis demonstrated that the chlorhexidine-gluconate impregnated patch is effective in reducing CVC-related
infections in the pediatric population. Serious adverse events are rare.

Key words: central venous catheters, infections related to central venous catheters, meta-analysis, chlorhexidine-gluconate impregnated
patch.

INTRODUCTION

Nosocomial infections are a risk factor related to intrahos-
pital mortality. Among other factors, these infections are
strongly associated with invasive devices. In pediatric
patients the central venous catheter (CVC) is one of the
most frequently related device-associated bloodstream
infections.'
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Intravascular catheters are needed for managing hospi-
talized patients, particularly those who require intensive
care; however, such devices increase the risk of local and
systemic infections. Catheter-related infections (CRI) are
one of the most common complications.?

Different protection materials for the CVC insertion
site such as gauze pads and adhesive wound tape have
been used to prevent CRI.3 Newer transparent dressings
made of polyurethane thin film enable visual inspection
of the insertion site. In addition, they provide an oc-
clusive closure that helps to fix the catheter; however,
there is some controversy regarding its use because
of the related increase in bacteremia associated with
CVC.* The increase in humidity produced beneath the
transparent dressing due to lack of permeability or due
to infrequent dressing changes has been mentioned as
an infection mechanism.’

In Mexico, the current guidelines for care of CVCs
recommend the use of a transparent dressing and sterile
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gauze at the catheter exit site. This protection should be
removed in the presence of an infection or bleeding.

The main purpose of the chlorhexidine-gluconate im-
pregnated patch (Biopatch, Ethicon, Johnson & Johnson
Co.) is to reduce device-related infections. Chlorhexidine-
gluconate is added to a hydrophilic absorptive foam that
absorbs wound exudation caused by the use of medical
devices such as CVC, arterial catheters (AC), dialysis
catheters, cardiac catheterization, pleural seals, orthope-
dic fixations,*” and epidural catheters.®’ In patients with
CVC or AC, chlorhexidine-gluconate impregnated patch
(CHGp) seems to be an alternative for the prevention of
catheter tip colonization (CTC), bloodstream infections
(BSI), and skin colonization with microorganisms related
to BSI in patients with CVC or AC.'°

In April 2011, the Centers for Disease Control and
Infection (CDC) reviewed clinical data from patients
treated with Biopatch Protective Disk with CHG as part
of its update to the 2002 guidelines for reducing risk of
intravascular catheter-associated infections in the United
States. In the new guidelines, use of a CHGp dressing is
designated as a category 1B recommendation. CHGp is the
only CHG-impregnated sponge dressing clinically proven
to reduce central line-associated bloodstream infections
(CLABSI) and the only CHG-impregnated product with
an FDA-cleared indication for this use.!

Despite this recommendation, there is still concern
about the evidence that supports the use of CHGp becau-
se CVC-related infections are a significant problem in
seriously ill or critically ill pediatric patients, and there
is no consensus regarding which protection mechanism
is the ideal or most effective for the prevention of CRI
in pediatric and newborn patients.'>!* In comparison to
adult patients, children seem to be more susceptible to
adverse events in skin due to their fragility and immature
immune system. In spite of the facts mentioned above, we
conducted a systematic review and meta-analysis of all
randomized clinical trials published in order to determine
the efficacy of the use of CHGp in the prevention of CRI
in children.

MATERIALS AND METHODS

A systematic review addressing the efficacy of the use of
CHGp in preventing CVC-related infections in children
was conducted. In order to find relevant articles, we sear-

ched the main medical electronic databases (Medline,
EMBASE, Lilacs and Cochrane Library Plus) followed
by a manual search of articles selected for inclusion in
the study.

Type of studies
Randomized and controlled clinical trials where invasive
devices and Biopatch were used in children were included.

Type of participants
We included all pediatric patients (<18 years old) with any
kind of CVC or any other intravenous device.

Type of interventions

Interventions included pediatric patients with CVC or any
other intravenous device wounded with CHFp compared
with any other type of catheter dressing.

Types of outcomes

The primary outcome measures were two: the rate of CTC
and the rate of BSI. We also looked for adverse events for
safety assessment such as with contact dermatitis, skin
necrosis or any skin alteration. For diagnosis of contact
dermatitis the International Contact Dermatitis Research
Group System was used.'

General search mechanism

We electronically searched Medline (1966 to 2010), EM-
BASE and the Cochrane Library (1980-2010). For our
search strategy, we used the following Medical Subject
Headings (MeSH): ((“chlorhexidine”[MeSH Terms] OR
Chlorhexidine[ Text Word]) AND impregnated[All Fields])
AND (“bandages”[MeSH Terms] OR dressing[Text
Word]). For the specific search of catheter-related infection
(Catheter-Related Infections [MeSH Terms]) was added to
the search. These same terms were used to search EMBA-
SE and the Cochrane Library. For this last database a broad
search was additionally done; therefore, an independent
search mechanism was used for each question. All searches
were limited to the pediatric population (0 to 18 years old).
We also contacted the manufacturer of Biopatch to inquire
about possible additional studies.

Data extraction
Using standardized data form, two authors (RR-R and PC)
examined the title of all citations retrieved by the search.
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We obtained the full text of those selected. Independently,
both authors reviewed each article; all articles that fulfilled
the inclusion criteria were included for data extraction
phase. Differences between reviewers were resolved by
consensus.

In case of discrepancy, a consensus was reached to
decide which data would be included. Data obtained from
each study were author, year of publication, patients’ cha-
racteristics, compared device’s intervention, rates of CTC
and BSI, and adverse events.

Statistical analysis
Meta-analysis was conducted using RevMan v.5.0.20
in accordance with the recommendations of the guide-
lines of the Cochrane Collaboration and the Quality of
Reporting of Meta-analysis."> Comparisons were made
and the estimated effect was evaluated through determi-
nation of the relative risk (RR) for dichotomic variables,
calculating 95% confidence intervals (95% CI). The RR
shows the likelihood of an individual having a catheter-
related infection when the Biopatch is used as compared
to other patients with other types of catheter dressings.
Heterogeneity was evaluated through 2, using a p value
<0.05 to reject the null hypothesis. Heterogeneity related
to effect size of included studies was evaluated using I%.
The RR was calculated using the fixed-effect model and
Mantel-Haenszel method, if homogeneity was assumed.
For detection of publication bias, funnel plots were cons-
tructed.'s

In order to enhance the understanding of the effect size,
the number needed to treat (NNT) and the 95% CI were
calculated in all of the analyses that resulted statistically
significant.

RESULTS

From the search strategy used, a total of 240 titles and
abstracts were found; 231 were excluded (Figure 1). The
final selection yielded eight clinical trials and one cohort
study. From these eight randomized clinical trials (RCTs),
only two were carried out in a pediatric population and
included for the review, as well as one retrospective cohort.
Kappa correlation among observers in the study selection
was 0.78 (p = 0.005).

The two RCTs included 850 pediatric patients: Gar-
land et al. in 2001 reported on newborns hospitalized in a

Medline

EMBASE

Lilacs

Cochrane Library Plus
Manual search

Total:

125 Titles
113 Titles
0 Titles

1 Title

1 Titles
240 Titles

Studies excluded because
chlorhexidine
was not used as
comparative
group
(n=5)

v

A\

Studies retrieved for detailed
evaluation
(n=115)

Studies excluded because
the design was not RCT or Biopatch®
was not used as comparative group.
10 reviews, 47 articles with
comparative chlorhexidine group
but not Biopatch®,
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Figure 1. Trial flow depicting the selection process of studies inclu-
ded in the meta-analysis. RCT, randomized control trial.
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neonatal intensive care unit.!” The second RCT reported
by Levi et al. in 2005 was performed in a sample of pe-
diatric patients of different ages.!® One historical cohort
was found, performed by Onder et al. in 2009 with 40
children studied.!® This study did not report adverse events
(Table 1).

The two RCTs assessed the frequency of CTC in 850
pediatric patients; CHGp group showed a lower incidence
of CTC (14%; 58 infections in 409 cases) compared with
standard dressing (25%, 103 infections in 441 cases) with
aRR 0f 0.60 (95% CI1 0.45, 0.81; p =0.0007), and a NNT
of 11 (Figure 2). According to the results of the funnel
plot, there was no publication bias (Figure 3).

No differences in the incidence of bloodstream infec-
tion with the use of CHGp were found (RR 1.14 95% CI
0.57,2.28; p=0.71) compared with the standard dressing
(Figure 4).

Regarding the safety of using CHGp, adverse events
were found in both studies, mainly in the Biopatch group.
These were described as local skin reactions in 5.6% (RR
8.17,95% CI: 1.19-56.14; p = 0.04) (Table 2). Local ne-
crosis was present in two (0.48%) very low birth weight
preterm newborns. Systemic adverse reactions to CHGp
were not reported in any of the pooled studies.

DISCUSSION

This meta-analysis demonstrated that CHGp is effective
in reducing CTC. Its use is clearly associated with a trend
towards reduction in BSI related to CVC use. Local cuta-
neous reactions due to Biopatch are very uncommon and
occur mainly in neonates. These results endorse the 2011
CDC recommendations of CVC care.'!

Chlorhexidine is an antiseptic broadly studied; its
microbiological and clinical efficacy has been proven.
For example, its use reduced ~50% the risk of CTC."
Mimoz et al. showed that catheters assigned to the chlor-
hexidine group were less frequently colonized than those
assigned to the povidone-iodine group (28/242 [11.6%]
vs. 53 of 239 [22.2%], p = 0.002; incidence density of
9.7 vs. 18.3/1,000 catheter-days).?® These results are
consistent with other studies.??? Based upon these data,
a chlorhexidine solution-based device called Biopatch
was designed.?!

The positive impact of CHGp was successfully demons-
trated in a large RCT for temporary catheters in adults.
Biopatch group reduced significantly the risk of catheter
colonization (RR 0.62, 95% CI 0.49-0.78 ) in compari-
son to standard dressings.?? A later cost-benefit analysis

Table 1. Evidence of the efficacy as infection prevention and adverse events of Biopatch in a pediatric population

Author/ Patients Method Comparison group Results Adverse events
Year Bio-patch Control Biopatch Control
Onder 2009 Children in hemo- Histori- Standard transpa- n=40 n=238 0 Not reported
dialysis program  cal cohort rent dressing CRI: 3 CRI: 9
(retro-
spective)
Levy 2005 Pediatric patients RCT Standard dressing n=74 n=71
with CVC for car- CTC CTC CD CD
diac surgery 26.8% 30% 5.6% 1.3%
11/74 21/71 4/71 1174
BSI BSI
4/74 3/71
Garland 2001 Newborns with RCT Dressing with povi- n=335 n=370 n=118 None
CcvC done-iodine CTC CTC CD
15% 24% 5.6%
47/335 82/370 19/335
BSI BSI Necrosis
3.5% 3.2% 1.7%
12/335 12/370 2/118

CVC, central venous catheter; RCT, randomized control trial; CTC, catheter-tip colonization; CRI, catheter-related infections, BSI, bloods-
tream infection; CD, contact dermatitis (International Contact Dermatitis Research Group System).
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Biopatch Standard dressing Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Garland et al., 2001 47 335 82 370 78.4% 0.63 [0.46, 0.88] _._
Levy et al., 2005 11 74 21 71 21.6% 0.50 [0.26, 0.97] e
Total (95% Cl) 409 441 100.0% 0.60 [0.45, 0.81] ‘
Total events 58 103
f f f f

Heterogeneity: Chi?= 0.38, df = 1 (P = 0.54); 1°= 0%
Test for overall effect: Z = 3.38 (P = 0.0007)

T T T
05 0.7 1 15 2
Favours Biopatch Favours Control

Figure 2. Efficacy of Biopatch in the prevention of catheter-tip colonization in children.
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Figure 3. Funnel plot of the standard error by the log RR for two com-
parisons. Treatment on the x-axis and standard error on the y-axis.

concluded that chlorhexidine dressings could reduce cost,
local infections, CRI, and deaths.?

In pediatric patients, CHGp has been used for several
years but as shown in the present systematic review
very few RCTs have been published in order to assess
its efficacy and safety. Only one cohort and two RCTs
were found. We found that the most important benefit
was the reduction of CTC, which is highly associated
with CVC bacteriemia. However, we did not find any
difference in BSI, probably because this outcome has
a multifactorial cause, especially in newborns. This
study clearly shows that CHGp use in the pediatric
population and in newborns is safe because the main
adverse event of the use of CHGp in pediatric patients
was contact dermatitis. Newborns are at high risk com-
pared with the pediatric population, perhaps because of
the immature skin of these patients. Its use must have
special considerations. There were no systemic adverse

Biopatch Standard Dressing Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Garland et al., 2001 12 335 12 370 78.8% 1.10 [0.50, 2.42]
Levy et al., 2005 4 74 3 71 21.2% 1.28 [0.30, 5.51] "
Total (95% Cl) 409 441 100.0% 1.14[0.57, 2.28] ‘
Total events 16 15 . . . .
T T

Heterogeneity: Chi? = 0.03, df = 1 (P = 0.86); 1°=0%
Test for overall effect: Z=0.37 (P = 0.71)

T T
0.2 05 1 2 5
Favours Biopatch Favours Control

Figure 4. Efficacy of Biopatch in the prevention of bloodstream infections in children.
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Table 2. Outcomes, population, statistical methods and effect size studied in this meta-analysis

Outcome No. of studies No. of participants Statistical method Effect estimate
[95% Cl]
Catheter-tip colonization 2 850 RR (M-H, fixed, 95% CI) 0.60 [0.45, 0.81]
Bloodstream infection 2 850 RR (M-H, fixed, 95% CI) 1.14 [0.57, 2.28]
Contact dermatitis 2 850 RR (M-H, fixed, 95% ClI) 8.17 [1.19, 56.14]

RR, risk ratio; 95% CI, 95% confidence interval; RR, relative risk; M-H, Mantel-Haenszel.

reactions to CHGp in any of the pooled studies in this
systematic review.

For more than 15 years, the use of Biopatch has been
recommended because of its efficacy in reducing infections
and because of its ease of use.?*? These capabilities seem
to provide an additional advantage that is translated into
decreased costs derived from patient care. This decrease
in costs is due to savings in time devoted by health care
personnel in catheter care?® as well as to savings generated
for not requiring extra material because of the need for
less frequent changes of the standard dressing with the
use of CHGp.”

Our results showed a statistically and clinically sig-
nificant protection for CTC of ~40% of risk reduction
with a relatively lower NNT of 11. Garland et al. in 2001
included only newborns,!” whereas Levy et al. in 2005
included pediatric patients.'® Despite this difference, both
studies show CTC risk reduction. When we carried out
the funnel plot we found that those studies did not show a
statistically significant publication bias because they were
distributed on both sides of the graph (Figure 3). Although
this meta-analysis shows a low incidence of complications
with the use of CHGp in children, we found only two RCT;
therefore, it is possible that our findings may change with
large-size RCTs (>900 patients).

According to our results, the recommendations from
the new guidelines of the CDC!" for using CHGp seem
to be accurate. This patch represents a tool to reduce the
risk of developing infections in addition to saving time in
cleansings carried out by health care personnel. Likewise,
decrease in costs and other unquantifiable variables in the
trials should be considered such as secondary infections
due to manipulation (catheter fracture, premature catheter
removal, etc.) and secondary infections due to the clean-
sing process itself (where more manipulation implies
more infection).

Furthermore, the use of chlorhexidine in children has
been documented as a safe therapy in the prevention of
CRI, even in newborns, with no reports of systemic ad-
verse reactions. Despite the fact that two clinical trials in
children reported adverse events with the use of Biopatch,
these adverse events were mild, such as the presence of
contact dermatitis. Pressure necrosis was found in one
clinical trial, in addition to the fact that some of the patients
tested had contact dermatitis.

The controversy lies in the fact that Biopatch is effec-
tive in the prevention of CRI, but the presence of those
adverse events suggest caution in its use on children. The
recommendation for the use of Biopatch in pediatrics is
limited to children >2 months of age." A well-designed
controlled clinical trial is needed for newborns in order
to correctly and accurately evaluate safety and the effect
in that population group.

Moreover, use of this device may have further ad-
vantages such as time saved with less-frequent dressing
changes by nurses and health care personnel, preventing
other complications (e.g., premature catheter removal),
offering patient comfort or providing economic savings
derived from its use. Of note, these outcome measures
have not been studied. Therefore, in the future there
may be a new line of research regarding the use of this
device.

The authors reached the following conclusions: in
this systematic review and meta-analysis the authors
found evidence based on clinical trials that support the
use of Biopatch to prevent CVC-related infections in a
pediatric population. Regarding safety with the use of
Biopatch, only one vulnerable group was found: very
low birth weight newborns for gestational age. A well-
designed controlled clinical trial is needed for that age
group to correctly and accurately evaluate safety in that
population group.
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