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y the Impact of a Silver-Alloy and
Hydrogel-Coated Urinary Catheter on
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I ABSTRACT

PURPOSE: The purpose of this study was to determine the
effect of a silver-alloy hydrogel catheter on symptomatic
catheter-associated urinary tract infections (CAUTIs).
DESIGN: Multicenter before-after non-randomized cohort
study.

SUBJECTS AND SETTING: Seven acute care hospitals ranging
in size from 124 to 607 beds participated in this study.
The study population included adult patients with a
positive urine culture 2 or more days after admission,
who underwent Foley catheterization.

METHODS: Catheter-associated urinary tract infection
surveillance was conducted at each hospital for at least
3 months during the use of a standard catheter and

3 months during the use of the silver-alloy hydrogel
catheter. Both the National Healthcare Safety Network
(NHSN) surveillance and a clinical definition of CAUTI
were used for rate calculation.

RESULTS: A 47% relative reduction in the CAUTI rate

was observed with the silver-alloy hydrogel catheter
compared to the standard catheter when both infec-
tion definitions were used (0.945/1000 patient days vs
0.498/1000 patient days) (odds ratio = 0.53; P < .0001;
95% Cl: 0.45-0.62). When only NHSN-defined CAUTIs
were considered, a 58% relative reduction occurred

in the silver-alloy hydrogel period (0.60/1000 patient
days vs 0.25/1000 patient days) (odds ratio = 0.42; P <
.0001; 95% CI: 0.34-0.53). Antimicrobial days for CAUTIs
decreased from 1165 (standard catheter period) to 406
(silver-alloy hydrogel period).

CONCLUSIONS: Use of a silver-alloy hydrogel urinary cath-
eter reduced symptomatic CAUTI occurrences as defined
by both NHSN and clinical criteria.

KEY WORDS: catheter-associated urinary tract infection,
Foley catheter, silver alloy catheter, silver catheter,
urinary tract infection.

M Introduction

Urinary tract infections (UTIs) are one of the most com-
mon healthcare-associated infections; approximately 80%
are related to the use of indwelling urinary catheters.!?
Healthcare-associated bacteriuria or funguria develops in
up to 25% of catheterized patients with a portion of those
progressing to symptomatic infection.? Catheter-
associated urinary tract infection (CAUTI), and to a lesser
extent bacteriuria, is associated with morbidity, mortality,
and excess healthcare costs.!* Cost estimates vary, but a
case-control study suggested that patients with CAUTI
had excess costs of $3803 compared to patients without
infection.!

Patient risk factors for CAUTIs have been identified;
they include older age, female gender, diabetes mellitus,
and duration of catheterization.> Additional risk factors
are specifically associated with the indwelling urinary
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catheter system and include contamination of the cathe-
ter during insertion or while indwelling and contamina-
tion of the drainage system.!? Multiple strategies and
techniques have been studied to reduce the risk of CAUTI,
many of which have become standard practice for cathe-
terized patients (eg, sterile insertion and closed drainage
systems).}? Urinary catheter-coating technologies have
been introduced to prevent the development of biofilm on
the catheter surface (both internal and external surfaces).
Possibly the most well-studied technology, the silver-alloy
hydrogel (SAH) indwelling catheter, has been demon-
strated in multiple large clinical trials and smaller case
studies to reduce the incidence of CAUTI compared to
non-silver-coated catheters.>¢ Published studies on CAUTI
prevention strategies, including SAH catheters, have
examined a variety of endpoints, including bacteriuria
and surveillance-defined UTL.347

Until January 2009, the Centers for Disease Control
and Prevention’s (CDC’s) National Healthcare Safety
Network (NHSN) included both symptomatic urinary tract
infection (SUTI) and asymptomatic bacteriuria (ASB) in
their definition of CAUTI.® Subsequently, the CDC revised
its NHSN surveillance definition of CAUTI by modifying
the criteria for symptomatic infection, adding a category
and definition for asymptomatic bacteremic urinary tract
infection, and removing ASB completely.” Because of the
change in NHSN definition, much of the previously pub-
lished evidence on CAUTI prevention strategies has been
called into question, because many combined ASB and
SUTI as the endpoint. Specifically, some clinicians have
suggested that studies examining either ASB or a combina-
tion of SUTI and ASB may not be as relevant as studies
examining SUTI alone.®

It is important to note that clinical CAUTI has not
been clearly or systematically defined and may be differ-
ent than the more widely quoted CDC NHSN surveillance
definitions. Epidemiologic surveillance definitions are
designed for consistency of interpretation and thus have
very strict parameters in order to meet the surveillance
case definition.! The clinical definition of CAUTI appears
to be more subjective. Diagnosis and treatment are based
on daily observations of patient progress (improvement
or deterioration) and local signs and symptoms such as
fever, change in mental status, change in character of the
urine, pyuria, leukocytosis, etc. As a result, many patients
who have clinical UTI by observation and who are man-
aged and treated as infected may not meet the strict CDC
NHSN surveillance definition for CAUTI.

The principal aim of this study was to determine the
CAUTI rate before and after introduction of the SAH
indwelling urinary catheter system. The analysis com-
pared CAUTI rates between standard non-silver-coated
(STD) catheters and SAH catheters using the revised
2009 CDC NHSN criteria and a combined measure of the
CDC’s NHSN and clinically defined CAUTI (Figures 1
and 2).
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B Methods

This retrospective, multicenter, before-after study was
designed to compare CAUTI rates between patients receiv-
ing standard, non-silver-coated urinary catheters and
patients receiving silver-alloy and hydrogel-coated Foley
catheters using several CAUTI definitions. Data were col-
lected from 7 hospitals, which had previously used STD
urinary catheters, and then switched to the SAH catheters
(Bardex I.C. Foley Catheter, C.R. Bard, Inc, Covington,
Georgia). The most commonly used standard catheter
was a hydrogel-coated latex catheter; noncoated silicone
catheters were generally used only if a patient was allergic
to latex. Most catheters were provided in a preconnected
tray system (materials necessary for aseptic insertion;
catheter attached to either a drainage bag or urine meter).
Hospitals were located in the Eastern and Midwestern
regions of the United States. The Institutional Review
Board at each participating hospital reviewed and
approved the study protocol prior to initiation of any
study-related activities.

Adult patients aged between 18 and 89 years with a
significant positive urine culture (NHSN criteria of =103
colony-form unit per milliliter with no more than 2 spe-
cies of microorganisms) 2 or more calendar days after hos-
pital admission, who received an indwelling urinary
catheter during the study time periods were included in
the study. Patients with urinary diversions, certain preex-
isting conditions affecting the bladder (eg, active bladder
cancer, chronic indwelling urinary catheter in place), or
those undergoing an invasive urologic surgery were
excluded.

In order to capture house-wide, hospital-inserted
CAUTIs, all positive urine cultures (=1000 colony-forming
units per milliliter with no more than 2 species of micro-
organisms) occurring in a minimum of 3 consecutive
months were screened in each time period. It was expected
that approximately 3 consecutive months of screened
urine culture data would yield at least 50 candidates gener-
ally representing the hospital’s patient population.
However, the time frame was extended for small hospitals
to allow for the collection of an adequate sample size.
Initial screening of the positive urine culture list allowed
for exclusion of patients based on age and time from hos-
pital admission to culture. Medical records of all candi-
dates meeting the initial screening criteria were further
reviewed to determine if all inclusion and exclusion crite-
ria were met.

At the end of each study time period data were retro-
spectively collected by a team of experienced infection pre-
ventionists, all certified in infection control by the
Certification Board of Infection Control and Epidemiology,
Inc. Each candidate’s medical record was reviewed to gather
pertinent information including demographic data (eg,
age, gender, length of stay), urinary catheterization data
(eg, length of catheterization, day of catheter insertion),
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Symptomatic Urinary Tract Infection (SUTI)
Patient had an indwelling urinary catheter at the time of, or discontinued within
48 hours prior to, specimen collection or onset of signs or symptoms

= Fever

= Dysuria
* Frequency

Signs and
Symptoms

= Urgency

At least 1 of the following with no other recognized cause:
= Suprapubic tenderness
= Costovertebral angle pain or tenderness

At least 1 of the following findings:

= Positive dipstick for leukocyte esterase and/or nitrite

= Pyuria (urine specimen with 210 WBC/mm? of unspun urine or
>3 WBC/high power field of unspun urine

= Microorganisms seen on Gram stain of unspun urine

A 4

;

Laboratory Evidence

species of microorganisms

A positive urine culture of 210°
CFU/ml with no more than 2

A positive urine culture of 210°
and <10° CFU/ml with no more
than 2 species of microorganisms

v

| SUTI-Criterion 1a |

SUTI-Criterion 2a

Asymptomatic Bacteremic Urinary Tract Infection (ABUTI)
Patient had an indwelling urinary catheter at the time of, or discontinued within
48 hours prior to, specimen collection

= Fever

Signs and
Svmptoms

* Dysuria
* Frequency

Patient has none of the following:

= Suprapubic tenderness
= Costovertebral angle pain or tenderness
= Urgency

A

A positive urine culture of 2105 CFU/ml with no more
than 2 species of microorganisms

!

Culture Evidence

A positive blood culture with at least 1 matching
uropathogen microorganism to the urine culture

ABUTI

FIGURE 1. Centers for Disease Control and Prevention’s National Healthcare Safety Network catheter-associated urinary tract

infection definitions. WBC indicates white blood cell.

urine culture data, urinalysis results, signs and symptoms
of CAUTI, and physician diagnosis and treatment. Collected
data were reviewed to determine if CDC NHSN or our clin-
ically defined CAUTI (CLIN-CAUTI) definition criteria were
met. Each data set was audited by one of the team infection
preventionists to ensure the consistency of data collection
and application of CAUTI definitions (infection preven-
tionists were not allowed to audit their own work).
Ideally, CAUTI rates are calculated using indwelling
urinary catheter utilization days. While catheter utiliza-
tion days often are available for intensive care units, they
are rarely available house-wide. Because of this, adult,

acute care patient-days were used as the denominator for
CAUTI rate calculations.

[l Data Analysis

Based on the assumption of a NHSN-CAUTI/CLIN-CAUTI
rate of 1.4 per 1000 patient days in the STD catheter group
and 0.98 per 1000 patient days in the SAH group, a 2-sided
alpha of .05 and power of 80%, 485 qualified cultures per
study group were required. If only NHSN-CAUTIs were
included in rate calculations, an estimated 552 qualified
cultures per study group were required. All data were
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Clinical Catheter-Associated Urinary Tract Infection (CLIN-CAUTI)
Patient had an indwelling urinary catheter at the time of, or discontinued within
48 ho prior to, specimen collection or onset of signs or symptoms

culture evidence do

Signs/symptoms, laboratory evidence and/or

CAUTI definition criteria

not meet CDC NHSN

A 4

At least 1 of the following wi
= Change in mental status
= Change in character of the
= Acute post-void residual

Signs and
Symptoms

th no other recognized cause:
= Leukocytosis
urine

A 4

= Positive dipstick for leukocyte esterase and/or nitrite
* Pyuria (urine specimen with 210 WBC/mm? of unspun
urine or >3 WBC/high power field of unspun urine

A positive urine culture of 210°
CFU/ml with no more than 2

croorganisms

appropriate therapy
tract infection

A

At least 1 of the following findings:
3
c
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>
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©
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g Physician institutes
§ for a urinary
=
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CLIN-CAUTI

FIGURE 2. Clinically infected catheter-associated urinary tract infection definition. CAUTI indicates catheter-associated urinary
tract infection; CDC, Centers for Disease Control and Prevention; CFU, colony-forming unit; NHSN, National Healthcare Safety

Network.

collected and managed in a Microsoft Access database
(Microsoft, Redmond, Washington) and analyzed in SAS
Analytics (SAS Institute, Inc, Cary, North Carolina). The
Wilcoxon rank sum test was used to analyze continuous
variables and the Fisher exact test was used for categorical
variables.

B Results

Seven hospitals, representing 2778 active acute care beds,
participated in the study. Six of the facilities were com-
munity hospitals ranging in size from 124 to 607 beds
(median = 289); the seventh facility was a teaching

hospital with 921 beds. There were no significant changes
in indwelling urinary catheter practices or overall catheter
usage between the 2 data collection time periods at any of
the hospitals. A total of 64 months of data were collected
(32 in each time period), with each hospital contributing
data for at least 6 months (range, 6-14 months).

Eight hundred six candidates (854 cultures) were
identified in the STD period after initial screening and
774 candidates (801 cultures) identified in the SAH period.
Medical record review identified 453 qualified patients in
the STD time period meeting all inclusion and exclusion
criteria (501 cultures) with 400 qualified patients (427 cul-
tures) identified in the SAH time period (Table 1).
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Patient and Medical Record Screening

Standard Silver-Alloy/
Catheter Hydrogel Catheter
Total patient candidates 806 (854 cultures) 774 (801 cultures)

Total qualified patients 453 (501 cultures) 400 (427 cultures)

Total disqualified

patients 353 (43.8%) 374 (48.3%)
Preexisting condition® 38 (10.8%) 41 (11.0%)
No study catheter® 303 (85.8%) 311 (83.2%)
Record not available 12 (3.4%) 22 (5.9%)

3Preexisting condition: active bladder cancer, chronic hemodialysis,
invasive urologic procedure, urinary diversion.

bNo study catheter: admitted with Foley catheter in place, Foley catheter
inserted outside of study time period, no Foley catheter inserted
throughout admission.

One hundred seventy-four CAUTIs occurred in 170
patients in the STD period; 90 CAUTIs occurred in 88
patients in the SAH time period. A 47% relative reduction
in the CAUTI rate was observed with the use of the SAH
catheter compared to the STD catheter (0.945 per 1000
patient days vs 0.498 per 1000 patient days) (odds ratio =
0.527; P < .0001; 95% CI: 0.445-0.623). Of the total
CAUTISs identified, 111 (64%) in the STD period and 46
(51%) in the SAH period met CDC NHSN CAUTI defini-
tion. This resulted in a 58% relative reduction in the NHSN
CAUTI rate in the SAH period compared to the STD period
(0.603 per 1000 patient days vs 0.254 per 1000 patient
days) (odds ratio = 0.42; P < .0001; 95% CI: 0.34-0.53)
(Figure 3). Of the CDC NHSN-defined CAUTIs, 2 asymp-
tomatic bacteremic urinary tract infections occurred in
patients with the STD catheter and 1 occurred in a patient
with the SAH catheter. Among patients with CAUTI, 5 sec-
ondary bacteremias were identified in the STD period
while none occurred in the SAH period.

Patient Demographic Information
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FIGURE 3. Catheter-associated urinary tract infection rates.
NHSN indicates National Healthcare Safety Network.

Patients with CAUTIs were predominately female,
older than 65 years, and had an average length of stay of
more than 12 days. Most CAUTIs occurred in patients
admitted with medical diagnoses (73%) who had an
indwelling urinary catheter in place for more than 3
days. There were no significant differences in gender, age,
length of stay, or length of catheterization in CAUTI
patients between the 2 time periods. Length of stay and
length of catheterization appeared to be shorter for qual-
ified non-CAUTI patients although this was not statisti-
cally tested (Table 2).

Four main areas of the hospital where indwelling uri-
nary catheters were inserted were associated with CAUTIs:
for STD catheters, 46% were inserted in the emergency
department, 17% in medical/surgical units, 17% in critical
care units, and 16% in the operating room. For SAH cath-
eters, 32% were inserted in the emergency department,
30% in medical/surgical units, 20% in the operating room,
and 12% in critical units. The mean number of days from
catheter insertion to onset of infection in the STD period
was 8.6 days (median 6 days, range 1-59 days) and 7.7 days
(median S days, range 1-53 days) in the SAH period.
Nevertheless, most infections occurred within the first 10
days of catheterization for both groups (Table 3).

Standard Catheter Silver-Alloy/Hydrogel Catheter P
Gender
Female 75% 80% 44
Male 25% 20%
Mean age (median) 66.7 years (70) 68.8 years (70.5) 22
Mean LOS (median) in CAUTI patients 19.6 days (13) 16.2 (14) 67
Mean LOC (median) in CAUTI patients 14.8 days (8.5) 10.9 (8) .32
Mean LOS (median) in Non-CAUTI patients 15.7 days (11) 14.1 (10) .60
Mean LOS (median) in Non-CAUTI patients 10.8 days (6) 9.2 days (6) .05

Abbreviations: CAUTI, catheter-associated urinary tract infection; LOC, length of catheterization; LOS, length of stay.
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Catheterization Day of CAUTI Onset

Day Group of Standard Silver-Alloy/Hydrogel
CAUTI Onset Catheter, % Catheter, %
Days 1-2 23 14

Days 3-5 25 38

Days 6-10 26 24

Days = 11 26 24

Abbreviation: CAUTI, catheter-associated urinary tract infection.

Approximately 68% of all CAUTIs in the STD group and
58% in the SAH group were attributed to gram-negative
organisms, the most common being Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas aeruginosa. Gram-
positive organisms were recovered in 19% and 22% of the
CAUTIs in the STD and SAH cohorts, respectively. The most
common gram-positive organisms were Enterococcus spp,
Staphylococcus aureus, and coagulase-negative Staphylococcus
spp. Yeast, primarily Candida albicans and other Candida
spp, were recovered from 14% of the infections in the STD
period and 20% in the SAH period.

By definition, all of the patients with CLIN-CAUTIs
were treated with antimicrobials; however, 92% and 78%
of the CDC NHSN-CAUTIs were treated in the STD and
SAH time periods, respectively. Among all CAUTI patients,
there were 1165 antimicrobial treatment days in the STD
cohort (630 intravenous therapy days; 535 oral therapy
days) and 406 treatment days in the SAH cohort (206
intravenous therapy days; 200 oral therapy days). The
mean antimicrobial treatment days for CAUTI patients
were 6.85 (median 6.0) in the STD group and 4.61 (median
4.0) in the SAH group (P = .007).

H Discussion

After the advent of closed drainage systems in the 1960s,
little research focused on developing new CAUTI
prevention strategies or technologies until the last decade
of the 20th century. In the early 1990s, different types of
catheter coatings were introduced and studied in an
attempt to reduce these infections. Although there were
mixed results for some coating technologies (eg, silver-
oxide!!), the SAH catheter used in our study was supported
by multiple studies.®!%!13 Because of the change in CDC
NHSN definitions in 2009, there are very few studies that
provide solid evidence of the effectiveness of any CAUTI
prevention strategies or technologies, including the SAH
catheter evaluated in our study. A randomized study
examining the effect of 2 antimicrobial catheters was pub-
lished in 2012. That study focused on surgical patients and
the definition of symptomatic UTI used was based primar-
ily on patient diaries (collected up to 6 weeks
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postcatheterization) and physician treatment rather than
previous or current CDC NHSN criteria.’

Current CAUTI prevention strategies focus on limit-
ing exposure to indwelling urinary catheters (ie, limiting
use, decreasing catheter days); however, our data examin-
ing catheter days and time from catheterization to onset
of infection appear to suggest that there is still a fairly
significant risk of infection in patients who are catheter-
ized for even a short period of time (=3 days). Additionally,
for patients who require the use of an indwelling urinary
catheter for a longer period of time, the professional lit-
erature reveals few if any new preventive interventions on
the horizon.’ Based on their ongoing efforts to reduce the
rate of CAUTI within their facilities, the 7 hospitals par-
ticipating in this study opted to evaluate the effectiveness
of the SAH catheter. With the significant reduction seen
in the CAUTI rates between the STD and SAH time periods
in hospitals already implementing comprehensive pre-
vention programs, it appears that the addition of the SAH
catheter offers a complimentary effect at a minimum.

We elected to assess the incidence of infection based
on not only the new 2009 CDC NHSN CAUTI definition,
but also a “clinical” definition, and intended to reproduce
what clinicians actually do when managing patients with
clinical signs and symptoms indicative of probable CAUTI.
Our goal was to ensure that we captured as many clinically
relevant infections as possible. Recognizing that there
could be a variety of clinical indicators of CAUTI that are
not currently included in the CDC NHSN definition (eg,
change in mental status and leukocytosis), we opted to
include several in our CLIN-CAUTI definition. To
strengthen the definition, we required microbiologic and
microscopic evidence of CAUTI as well as documented
treatment. Interestingly, when we examined the overall
reduction in total CAUTIs (including the CDC NHSN and
our CLIN-CAUTI), the reduction was 47% while the reduc-
tion was 58% when we included only the new CDC NHSN-
defined CAUTIs. These data would seem to suggest that
the SAH catheter may be most effective against symptom-
atic CAUTI. Additionally, our findings suggest that the
definition of CAUTI used to study prevention technolo-
gies can have a significant impact on the observed impact
of any intervention being assessed.

Because CAUTIs have been known as a breeding
ground for antimicrobial-resistant microorganisms,> we
collected data on all CAUTIs receiving treatment. The
vast majority, but not all of the CAUTIs, were treated in
both time periods. There were 1165 total antimicrobial
days in the STD time period. Given the 47% relative
reduction in CAUTIs, one could assume that we would
see a similar trend in antimicrobial days (an estimated
617 days in the SAH time period); however, we actually
observed only 406 antimicrobial days (a 65% relative
reduction). It is unclear why antimicrobial days were
lower in the SAH period than expected, but it could be
related to a slightly delayed onset of CAUTI and/or a
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change in symptomatology or perceived severity of infec-
tion in the SAH time period.

M Limitations

There are several limitations of our study. First, we con-
ducted a before-after cohort study. While a randomized,
controlled trial may have yielded more robust evidence,
our study represents the typical, everyday process an indi-
vidual hospital uses to evaluate the effectiveness of infec-
tion-prevention strategies. Furthermore, a recent
randomized controlled study of impregnated urinary
catheters focused primarily on surgical patients, accepted
symptomatology for up to 6 weeks after urinary catheteri-
zation, and failed to use either the old or new CDC NHSN
definition of CAUTL.” Our study was conducted hospital-
wide and therefore captured all microbiological confirmed
CAUTIs, not just those occurring in intensive care units,
which is customary in most hospitals performing CDC
NHSN device-associated infection surveillance. In addi-
tion, because data were collected retrospectively, we were
limited to outcomes that were documented in the medical
record and had to assume that if something was not docu-
mented, it in fact did not occur. Poor documentation prac-
tice regarding indwelling urinary catheter insertion and
care and potential CAUTI symptoms may have occurred in
some study sites. However, the volume of medical records
reviewed and multiple study sites may have reduced the
likelihood of this possible bias.

We used positive urine cultures to identify candidate
patients instead of indwelling urinary catheterization
records. Thus, all patients with a positive culture urine
were evaluated for inclusion. Unfortunately, even with the
advent of electronic medical records, it is difficult to iden-
tify patients who receive an indwelling catheter during
their hospital course. Although using positive cultures to
identify candidate patients may not have been ideal,
because CAUTI definitions require a positive culture, it is
unlikely that infections went undetected in our study.
Lastly, we used patient-days to calculate CAUTI infection
rates rather than device days. Again, even with the advent
of electronic medical records, it remains difficult to cap-
ture house-wide catheter days. While hospitals perform-
ing CDC NHSN CAUTI surveillance have developed
systems to capture catheter days in their intensive care
units, few have the ability to capture the data in other
areas of the hospital. Kim and colleagues'* conducted a
study of 99,834 patients over a 2-year period (2002-2004)
comparing CAUTI rates using both device-days and
patient-days as the denominator in their calculations and
found that the 2 rates were highly correlated. They con-
cluded that rates based on patient-days can serve as a sur-
rogate for rates based on device-days. In addition, the use
of indwelling urinary catheters was similar in all time peri-
ods. It is, therefore, unlikely that the relative reduction in
CAUTI rates between the 2 study time periods would be
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significantly impacted by the use of a different denomina-
tor for rate calculation.

B Conclusions

Results of this study demonstrated that the SAH Foley
catheter was associated with a significant reduction in
CAUTISs rates in a real-world setting. The effect was greater
in CDC NHSN-defined symptomatic infections than in
other clinically defined CAUTIs, although SAH Foley cath-
eters were associated with decreased CAUTI rates regard-
less of which CAUTI definition was used.
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