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ORIGINAL ARTICLE

Comparison of a Silver-Coated Needleless Connector and a Standard
Needleless Connector for the Prevention of Central Line-Associated
Bloodstream Infections

Jesse T. Jacob, MD;"® Sheri Chernetsky Tejedor, MD;>? Mary Dent Reyes, MPH;! Xin Lu, MS;* Kirk A. Easley, MS;*
William L. Aurand, MPH;® Gina Garrett, RN;> Kimberly Graham, RN;? Carolyn Holder, RN;? Chad Robichaux, MPH;>
James P. Steinberg, MD'

OBJECTIVE. To assess the impact of a novel, silver-coated needleless connectors (NCs) on central-line—associated bloodstream infection
(CLABSI) rates compared with a mechanically identical NCs without a silver coating.

DESIGN. Prospective longitudinal observation study

SETTING. Two 500-bed university hospitals

PATIENTS. All hospitalized adults from November 2009 to June 2011 with non-hemodialysis central lines

INTERVENTIONS. Hospital A started with silver-coated NCs and switched to standard NCs in September 2010; hospital B started with
standard NCs and switched to silver-coated NCs. The primary outcome was the difference revealed by Poisson multivariate regression in
CLABSI rate using standard Centers for Disease Control and Prevention surveillance definitions. The secondary outcome was a comparison of
organism-specific CLABSI rates by NC type.

RESULTS. Among 15,845 hospital admissions, 140,186 central-line days and 221 CLABSIs were recorded during the study period. In a
multivariate model, the CLABSI rate per 1,000 central-line days was lower with silver-coated NCs than with standard NCs (1.21 vs 1.79;
incidence rate ratio =0.68 [95% CI: 0.52-0.89], P=.005). A lower CLABSI rate per 1,000 central-line days for the silver-coated NCs versus the
standard NCs was observed with S. aureus (0.11 vs 0.30, P=.02), enterococci (0.10 vs 0.27, P=.03), and Gram-negative organisms (0.28 vs

0.63, P=.003) but not with coagulase-negative staphylococci (0.31 vs 0.36) or Candida spp. (0.42 vs 0.40).

CONCLUSIONS.
minimize contamination of NCs.

The use of silver-coated NCs decreased the CLABSI rate by 32%. CLABSI reduction efforts should include efforts to
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Central-line—associated bloodstream infection (CLABSI) is a
major cause of patient harm, and prevention of such infections
has received much attention over the past decade. A national
effort to prevent CLABSIs has been undertaken through opti-
mization of central-line insertion practices. With this and
other strategies, including economic disincentives through
payment reform and public reporting of infection rates, the
incidence of CLABSI has decreased in U.S. hospitals; however,
in 2009, ~41,000 CLABSIs were mported.1 The persistence of
CLABSIs and their high associated mortality underscore the
need for novel prevention efforts.

CLABSIs occur through two major routes. Infection can
occur via an extraluminal pathway when microorganisms,

often from the skin surface, gain access to the bloodstream via
the external catheter surface. This contamination of the
catheter surface can occur at the time of catheter insertion,
particularly if proper insertion practices are not used. Intra-
luminal colonization of the catheter with seeding of the
bloodstream typically occurs following contamination of the
catheter hub, which is frequently manipulated in the process of
injecting medications or fluids. Molecular typing of blood,
skin, and catheter hub isolates suggests that most CLABSIs
occurring early after line insertion originate from the skin (and
are likely insertion-related events), whereas many CLABSIs
occurring after the first 1-2 weeks of line placement are related
to catheter hub contamination.”™®
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Most notable CLABSI prevention efforts to date have
focused on optimizing insertion practices.” While these efforts
have successfully decreased CLABSI rates, they have not
eliminated preventable CLABSIs. One study demonstrated
that, after specific preventive measures were used to address
contamination at the insertion site, 60% of CLABSIs were
more likely to originate from the intraluminal pathway.”
Consequently, preventing intraluminal contamination of
catheters through proper catheter maintenance or improved
product design is a priority because much of the research and
prevention efforts have been focused on extraluminal con-
tamination at the time of catheter insertion.

Intravenous catheters use needleless connectors (NCs) to
allow access to the fluid pathway. Cleaning the external surface
of the NC prior to accession of the fluid pathway is standard
practice to minimize device contamination.'® However, device
cleaning may be done inconsistently, and some devices, through
suboptimal design, may be more prone to contamination. Some
NCs, particularly positive-pressure valve mechanism devices,
have been associated with an increased risk of CLABSI, pre-
sumably by predisposing the device to colonization."™"* Novel
NCs designed to reduce microbial colonization are attractive
candidates to help prevent intraluminal contamination and
bloodstream infection.

Although its exact antimicrobial mechanism is unknown,
silver has been used topically as an antimicrobial for decades
and has been incorporated into urinary catheters.'”™"” The use
of chlorhexidine—silver-sulfadiazine—coated central lines has
previously been shown to reduce CLABSI rates.'® An anti-
microbial Luer-activated NC with a novel nanoparticle silver
coating of the internal fluid pathway (Vlink with VitalShield,
Baxter Healthcare) has been shown to decrease bacterial
growth and biofilm formation in vitro.'>* This silver-coated
NC has been approved by the Food and Drug Administration,
but the efficacy of this device in reducing the CLABSI rate has
not been shown in a clinical setting. We sought to assess the
impact of this silver-coated NC on CLABSI rates by comparing
it to a mechanically identical NC (Clearlink, Baxter Health-
care) without a silver coating.

METHODS

The study was a non-randomized, prospective, controlled
cohort study of 2 NCs between 2 hospitals. Previously, the
2 hospitals used a standard Luer-activated, negative-pressure
NC (Clearlink, Baxter Healthcare). At the start of the study,
hospital A switched to the silver-coated NC for all non-dialysis
intravenous catheters and hospital B continued using the
standard NC. At a predetermined number of CLABSIs based
on sample size calculation, hospital A switched to the standard
NC and hospital B switched to the silver-coated NC. This
switch occurred in September 2010.

All adults admitted to two ~500-bed university hospitals
between November 1, 2009, and June 30, 2011, were enrolled
in the study. Hospital B has a large transplant and oncology
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population. Both hospitals used chlorhexidine-silver sulfadia-
zine—impregnated, triple-lumen catheters and uncoated
peripherally inserted central catheters and emphasized
compliance with the central-line insertion care bundle before
and during the study. There were no major hospital-wide
process improvement activities targeting CLABSI reduction in
either hospital during the study period that would potentially
confound the results.

In the first week of each transition month (November 2009
and September 2010), nurses were provided in-service education
regarding the NCs and the study, and materials management
replaced all supplies of the previous NC with the subsequent NC
in both hospitals. The study coordinator performed periodic
audits during the transition periods to look for caches of the
previous NC. A full transition month, during which data were
not collected, was used to deplete unrecognized supplies. The
pre-existing nursing protocol was continued through the study
period; it required NC change every 7 days or more frequently if
the blood persisted in the NC after flushing or if the NC was
removed to access the catheter directly.

The primary outcome was the CLABSI rate comparing the
silver-coated NC with the standard NC. The secondary out-
come was the comparison of organism-specific CLABSI rates
between the silver-coated NC and the standard NC. CLABSIs
were defined using the contemporary surveillance definitions
from the Centers for Disease Control and Prevention’s
(CDC’s) National Healthcare Safety Network (NSHN).?! The
determinations of all CLABSIs during the study were made by
a single hospital epidemiologist (JPS) blinded to institution.
Central-line days were captured electronically using a
previously validated process.”” Discrepancies in electronic
line-day documentation were flagged by automated tools,
manually reviewed by a member of the study team (MDR),
and reconciled.

CLABSI rates were calculated by dividing the raw number of
CLABSIs by the number of central-line days during the same
period and multiplying the result by 1,000. Because of the lack
of specificity of the NHSN CLABSI definition in patients with
neutropenia induced by chemotherapy and the anticipated
higher frequency of these patients in hospital B,”>"*° a pre-
specified sensitivity analysis was performed excluding patients
with CLABSIs occurring in the setting of chemotherapy-
induced neutropenia from the numerator. The NHSN defini-
tion (with a recently proposed amendment) attributes as
CLABSIs those bloodstream infections that could be due to
translocation of intestinal microbiota in the setting of
chemotherapy-induced mucositis.”” For our study, neu-
tropenia was defined as an absolute neutrophil count of
<500 cells/mm” on the day the blood cultures were obtained in
patients who had received cytotoxic chemotherapy. Central-
line days during periods of neutropenia were neither measured
nor excluded from the denominator.

Because neither NC was compatible with hemodialysis
catheters, infections, and central-line days attributed to these
catheters were censored from both the numerator (CLABSIs)
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and denominator (central-line days) of the CLABSI rate.
CLABSIs that occurred in patients with both hemodialysis
catheters and non-hemodialysis catheters were also excluded.
Etiologic organism(s) and catheter type for each CLABSI
was also recorded, and these data were stratified by NC type.
For CLABSIs attributed to a single catheter inserted at admis-
sion or during the hospitalization, the time from catheter
insertion to infection was determined and stratified by
organism type.

To assess whether the impact of the silver-coated NC on
some but not all pathogens could be explained by time of
occurrence after line insertion, we stratified the time from
central-line insertion to CLABSI by pathogen. We hypothe-
sized that, if coagulase-negative staphylococcal CLABSIs
occurred predominantly in the first 7-10 days after line
insertion due to insertion-related events (eg, skin coloniza-
tion), their prevention would not be amenable to an
antimicrobial NC.

Statistical Analysis

CLABSI rates per 1,000 central-line days and the distribution
of CLABSI rates by organism were estimated and compared
using exact methods based on the Poisson distribution.”® The
incidence rates were compared between subgroups, using
methods described by Brownlee.”” Specifically, an exact (sig-
nificance) test was used to compare the equality of 2 Poisson
rates by testing whether the ratio of 2 Poisson rates was dif-
ferent from 1. Covariates included sex, race, age, type of
catheter, hospital, and intensive care unit (ICU) admission.
The interaction between type of catheter and hospital was
tested to determine whether the effect of catheter type on
CLABSI rate differed between the 2 hospitals. SAS® 9.2 (Cary,
NC) was used for all analyses.

Incidence rates of infection by type of device were estimated
and compared by performing a generalized estimating equa-
tion with Poisson regression analysis of the counts, using an
exchangeable correlation structure for the repeated counts in
SAS Proc Genmod. The incidence rate ratio (IRR) is the ratio
of the incidence density in 1 group to that of another group.
Results by each covariate are presented as the IRR and the
95% confidence interval (CI). Covariates with P<.05 in
the univariate analyses were included in multivariate analyses
after checking for interaction. The IRR and the 95% CI were
calculated for each factor, adjusting for other factors in the
final model.

Sample size and power calculations for the study follow the
method described by Rosner” for comparing 2 incidence rates
(silver and standard NCs) using an IRR. The estimated inci-
dence rate for the standard NC based on data collected at the
2 hospitals between January 2008 and June 2008 was
approximately 0.7 per 1,000 CLABSIs per 1,000 patient days
(88 infections, 133,426 patient days, and 18,716 admissions).
Based on the preliminary data using the standard NC, to detect
a 50% reduction in the silver-coated NC CLABSI rate relative
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to the standard NC CLABSI rate, the required total number of
CLABSIs was 131 (44 CLABSIs in the silver-coated NC group
and 87 CLABSIs in the standard NC group) to achieve 80%
power (2-sided test with significance level of 0.05) to detect an
IRR of 0.50.

Human Subject Protection

This study was approved by Emory University’s Institutional
Review Board with a waiver of individual patient consent.

RESULTS

A total of 15,845 unique hospital admissions in which patients
had >1 central line were included in the study, with a total of
140,186 central-line days. Hospital B accounted for the 92,906
central-line days (66.3%). The distribution of central-line
days, total hospital days, ICU patient days, and number of
admissions were similar in both study groups (Table 1).

A total of 221 CLABSIs occurred during the study period,
including 66 in neutropenic patients, and 28 CLABSIs were
attributed to>1 organism. A total of 106 CLABSIs occurred
in patients with only 1 central line that was inserted either at
time of admission or during the course of the hospitalization.
Among all CLABSIs, 90 (40.7%) occurred over 70,737 central-
line days in patients with whom the silver-coated NC was
used, and 131 (59.3%) occurred over 69,449 central-line days
in patients with whom the standard NC was used. Of 157
CLABSIs in patients without neutropenia (64.2%), 62 of
64 of CLABSIs in neutropenic patients (96.9%) occurred in
hospital B. In univariate analysis (Table 2), the CLABSI rate
per 1,000 central-line days was higher for the standard NC
group (1.89) than for the silver-coated NC group (1.27,
P=.005). No differences in CLABSI rates associated with
hospital, race, or ICU admission were observed. Similar results
were found in the sensitivity analysis excluding patients
with CLABSI and neutropenic fever, except that the CLABSI
rate per 1,000 central-line days was higher for patients
admitted to the ICU (1.47) than for those not admitted to the
ICU (0.64, P<.001).

The multivariate model included NC and hospital; no sta-
tistical evidence of interaction between these 2 variables was
detected (P=.91). The adjusted CLABSI rate per 1,000
central-line days was lower for the silver-coated NC group
than for the standard NC group (1.21 vs 1.79), with a corre-
sponding IRR of 0.68 (95% CI: 0.52-0.89, P=.005). The
differences in rates between hospital A and B did not achieve
statistical significance. Results were similar for the sensitivity
analysis, except that the adjusted CLABSI rate was higher in
hospital A than in hospital B (Table 3).

The microbiology of CLABSIs differed somewhat for the
silver-coated NC compared with the standard NC (Table 4).
Patients in whom the silver-coated NC was used had significantly
fewer CLABSIs per 1,000 central-line days than those in whom
the standard NC was used for S. aureus (0.11 vs 0.30, P=.02),
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TABLE 1. Description of Patient Characteristics Comparing Those Receiving Silver and Standard Needleless Connectors
Silver-Coated NC Standard NC
n (%) n (%)

Unique patients 5,287 (49.0) 5,509 (51.0)
Age, yr (mean =+ standard deviation) 58.5+16.4 57.5+16.1
Female 2,623 (49.6) 2,781 (50.5)
Race

White 2,587 (48.9) 2,899 (52.6)

Black 2,180 (41.2) 2,112 (38.4)

Other or unknown 520 (9.9) 498 (9.0)
Unique hospital admissions 7,881 (49.7) 7,964 (50.3)
Total patient days 91,111 (49.8) 91,777 (50.2)
Patient days/admission, median (IQR) 8 (5-15) 8 (5-14)
Total central-line days 70,737 (50.5) 69,449 (49.5)
Central-line days/admission, median (IQR) 6 (3-11) 6 (3-10)
Total admissions to the ICU 4,400 (49.9) 4,417 (50.1)

Total patient days in the ICU

30,158 (50.4)

29,658 (49.6)

Note. ICU, intensive care unit; IQR, interquartile range; NC, needleless connectors.

TABLE 2. Univariate analysis of risk factors for central line—associated bloodstream infection rates (CLABSI) per 1,000 central-line days.
All Patients Sensitivity Analysis Excluding CLABSIs in Patients with Neutropenia
CLABSI rate (95% CI) P value CLABSI rate (95% CI) P value

Overall 1.58 (1.38-1.80) 1.12 (0.95-1.31)

Age, yr
>60 1.54 (1.25-1.87) .78 1.16 (0.91-1.46) 74
<60 1.61 (1.34-1.92) 1.09 (0.87-1.35)

Sex
Female 1.43 (1.17-1.73) .18 1.11 (0.88-1.38) 1.00
Male 1.72 (1.43-2.07) 1.13 (0.89-1.41)

Race
Black 1.48 (1.19-1.82) .56 1.21 (0.95-1.53) 44
White 1.63 (1.34-1.96) 1.05 (0.82-1.32)

Admission to ICU
Yes 1.69 (1.42-2.00) 24 1.47 (1.22-1.76) <.001
No 1.42 (1.13-1.76) 0.64 (0.46-0.88)

Hospital
A 1.29 (0.99-1.66) .06 1.25 (0.95-1.61) .35
B 1.72 (1.47-2.01) 1.05 (0.86-1.29)

NC
Silver-coated 1.27 (1.02-1.56) .005 0.93 (0.72-1.19) .04
Standard 1.89 (1.58-2.24) 1.31 (1.05-1.61)

~NoTE. CI, confidence interval; ICU, intensive care unit; NC, needleless connector.

TABLE 3.

Central-Line Days and Their Incidence Rate Ratios (IRR)

Multivariate Analysis of Factors Associated with Central-Line-Associated Bloodstream Infection (CLABSI) Rates Per 1,000

All Patients

Sensitivity Analysis Excluding CLABSIs in Patients with Neutropenia

CLABSI Rate (95% CI) IRR (95% CI) P value CLABSI Rate (95% CI) IRR (95% CI) P value
NC
Silver 1.21 (0.97-1.51) 0.68 (0.52-0.89) .005 0.96 (0.75-1.23) 0.71 (0.51-0.98) .04
Standard 1.79 (1.48-2.15) Reference 1.35 (1.09-1.69) Reference
Hospital
A 1.28 (0.99-1.65) Reference .05 1.24 (0.96-1.61) Reference .34
B 1.69 (1.44-1.99) 1.33 (0.98-1.79) 1.05 (0.84-1.30) 0.84 (0.60-1.18)

NoTE. CI, confidence interval; NC, needleless connector.
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TABLE 4.
Needleless Connector (NC) Compared with the Standard NC.

Distribution of Microbiology of Central-Line-Associated Bloodstream Infection Comparing Patients with the Silver-Coated

Silver-coated NC (n=90?)

Standard NC (n=131?%) Both NCs (n=221%)

n (%) n (%) n (%)
Gram-positive organisms 47 (52.2) 67 (51.1) 114 (51.6)
S. aureus 8 (8.9) 21 (16.0) 29 (13.1)
Methicillin-resistant 7 (7.8) 15 (11.5) 22 (10.0)
Methicillin-sensitive 1(1.1) 6 (4.6) 7 (3.2)
Coagulase-negative staphylococci 22 (24.4) 25 (19.1) 47 (21.3)
Enterococci 7 (7.8) 19 (14.5) 26 (11.8)
Streptococci, alpha hemolytic 4(4.4) 2 (1.5) 6 (2.7)
Other 8 (8.9) 5(3.8) 13 (5.9)
Gram-negative organisms 20 (22.2) 44 (33.6) 64 (29.0)
Enterobacteriaceae 17 (18.9) 41 (31.3) 58 (26.2)
E. coli 5 (5.6) 15 (11.5) 20 (9.0)
Klebsiella spp. 7 (7.8) 10 (7.6) 17 (7.7)
Other 5(5.6) 16 (12.2) 21 (9.5)
Pseudomonas spp. 4(4.4) 8 (6.1) 12 (5.4)
Other 2(2.2) 1(0.8) 3(1.4)
Yeast 30 (33.3) 28 (21.4) 58 (26.2)
C. albicans 14 (15.6) 12 (9.2) 26 (11.8)
C. glabrata 10 (11.1) 6 (4.6) 16 (7.2)
C. parapsilosis 3 (3.3) 5(3.8) 8 (3.6)
Other 3(3.3) 8 (6.1) 11 (5.0)

*Sum (percentage) of each column may exceed this value due to polymicrobial infections.

enterococci (0.10 vs 0.27, P=.03), and Gram-negative organ-
isms (0.28 vs 0.63, P=.003), but not for coagulase-negative
staphylococci (0.31 vs 0.36, P=.72), other non-staphylococcal
Gram-positive organisms (0.17 vs 0.10, P=.38), or Candida
spp. (0.42 vs 0.40, P=.95) (Figure 1). No clustering of
coagulase-negative staphylococci or other pathogen was observed
within the first week after insertion.

DISCUSSION

Our results show a 32% reduction in CLABSI with the use of a
silver-coated NC compared with a standard, mechanically
identical NC. This is the first published study using clinical
outcomes to assess the efficacy of silver-coated NCs. In
addition, this study was large: it included >10,000 patients
with >140,000 central-line days, and it was conducted at
2 academic medical centers with relatively low baseline CLABSI
rates compared with those in prior published literature.”>!
Previously, a lower burden of organisms has been found
in effluent from silver-coated NCs.”> From a convenience
sample of 62 patients enrolled in the current study, 151 NCs
were prospectively obtained for biofilm analysis; biofilm
was observed on the luminal surface of >90% of both silver-
coated and standard NCs.””> Microorganisms were recovered
by culture from ~50% of both NC types, substantially less
than those with biofilm burden, but none of the patients
from whom these NC cultures were obtained developed a
CLABSI. Thus, the relationship between biofilm formation
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within a NC and subsequent bloodstream infection remains
unclear. While the silver coating of the NC does not appear
to reduce biofilm formation, the reduction in bloodstream
infections may be related to decreasing organism load in the
effluent.

The strengths of this study include its size, with 221
CLABSIs and >140,000 central-line days, and design. The use
of 2 hospitals that switched NCs at a predetermined time point
helped compensate for changes in practices over time that have
confounded many quasi-experimental studies. A randomized
controlled trial of this size involving all patients at 2 large
hospitals is not practical. In addition, the NCs were mechani-
cally identical, so no changes in nursing workflow related to
clamping or flushing the device impacted study outcomes. The
majority of CLABSIs now occur outside ICUs."*"** We were
able to include all central lines inside and outside of ICUs, and
we used a previously validated methodology to calculate the
number of central-line days outside the ICUs.

Failure to adequately clean hubs prior to accession and NC
design flaws, such as crevices, likely contribute to CLABSIs via
the intraluminal pathway. Although guidelines stress the
importance of cleaning NCs,'* the optimal time for disinfect-
ing the NC hub by scrubbing prior to accession is an unre-
solved issue.”®> Technology alone should not be used to
compensate for suboptimal NC cleaning practices and should
be used synergistically with efforts to promote device cleaning.
We received anecdotal reports of decreased compliance with
hub cleaning prior to accessing the silver-coated NC,
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FIGURE 1. Comparison of the distribution of organism-specific central line-associated bloodstream infection (CLABSI) by needleless

connector (NC). Vertical bars indicate the 95% confidence intervals.

rationalized by its potential protective effect. Thus, there may
be unintended consequences of using antimicrobial devices,
underscoring the need to maintain vigilance regarding clinical
practices. We did not measure NC cleaning in our study, but
decreased cleaning rigor of the silver-coated NC could lead to
underestimating its effect on CLABSI rates.

We observed a significant reduction in CLABSI rates for
S. aureus, enterococci, and Gram-negative bacilli using the
silver-coated NC, but not for coagulase-negative staphylococci
and yeast. We speculate that the lack of reduction in coagulase-
negative staphylococcal CLABSIs was related to many of these
infections being extraluminal in origin and likely insertion-
related events not amenable to prevention by an antimicrobial
NC. However, measuring the time of line insertion to infection
stratified by organism type did not reveal a clustering of
coagulase-negative staphylococcal infections close to the date
of insertion. Thus, the reasons that the silver-coated NC device
had no impact on coagulase-negative staphylococcal and
Candida infections are unclear, although the lack of specificity
of the NHSN CLABSI definition could have contributed to our
findings. Alternatively, intrinsic properties of Candida spp.
and coagulase-negative staphylococci or their extracellular
polymers may affect their susceptibility to the silver.

The analysis of time from central-line insertion to CLABSI
stratified by organism type showed no clustering of infection
caused by common skin organisms, such as coagulase-negative
staphylococci, in the first 7-10 days after line insertion. Prior
efforts to optimize central-line insertion practices may con-
tribute to this finding although NCs may become contaminated
by cutaneous organisms, leading to late-onset CLABSIs.”

We are aware of several limitations in this study. The setting,
2 university hospitals, may not be generalizable. Hospitals with
lower intensity of care and greater reduction of CLABSIs
through other interventions would have different inputs in a
cost-effectiveness analysis. However, the size and the inclusion
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of all admitted adult patients make this a more comprehensive
study than those limited to ICUs. While no major changes in
infection prevention activities or introduction of new equip-
ment were implemented during the course of the study, unit-
level process-improvement activities to prevent CLABSIs were
ongoing at both hospitals. The magnitude of such improve-
ments are unlikely to have affected the study end point, and the
device switch should mitigate impact of general improvement
efforts over time. The surveillance CLABSI definition, which
prioritizes sensitivity over specificity, could have led to an
underestimation of the reduction of true central-line-related
infections due to the silver-coated NCs. In particular, the
surveillance definition of CLABSI, including all bloodstream
infections without a known primary source occurring in
patients with central lines, lacks specificity, particularly in
patients with chemotherapy-induced neutropenia who are
predisposed to translocation of intestinal organisms.** This
study was conducted before the CDC developed a modifica-
tion of the surveillance CLABSI definition to account for
patients with mucosal barrier injury and neutropenia.”” We
compensated for the lack of specificity of the contemporary
surveillance CLABSI definition in patients with neutropenia by
excluding those patients from the numerator in a sensitivity
analysis. In this analysis, we likely excluded some true CLABSIs
and were unable to remove central-line days during
neutropenia, which could also lead to an underestimation of
the effect of silver-coated NCs.

An important finding of our sensitivity analysis is the
relative change in CLABSI rate in hospital B compared with
hospital A when patients with neutropenia were excluded.
This finding underscores the pitfalls of using the current
surveillance definition for interinstitutional benchmarking.
The recent CDC effort to modify the CLABSI definition is
an important step that, in the future, may allow for more
meaningful comparisons between hospitals providing services
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to patients with neutropenia following chemotherapy and
those with smaller immunocompromised populations.

The relative contribution of the intraluminal compared with
the extraluminal pathway to CLABSI remains unclear.’® This
study adds to the understanding of the pathogenesis of CLABSIs
and demonstrates that at least 30% of CLABSIs are acquired by
hub contamination and are preventable. The decreased CLABSI
rate in patients in whom silver-coated NCs were used versus
those in whom standard NCs were used adds to the growing
evidence that CLABSI prevention programs should focus not
only on insertion practices but also on practices and devices that
prevent catheter hub contamination and intraluminal infection,
such as hand hygiene and scrubbing the hub.
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