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Abstract

Objective

To evaluate the efficacy of noble-metal coated catheters in reducing catheter-associated uri-
nary tract infections (CAUTI) in adult patients requiring short term catheterization.

Methods

An electronic literature search of PubMed, BioMed Central, Embase, Scopus, CENTRAL
(Cochrane Central Register of Controlled Trials) and Google scholar was carried out from
inception to 10th October 2019. Any prospective study or randomized controlled trial (RCT)
on adult patients comparing noble-metal coated urinary catheters with any standard cathe-
ter and evaluating the incidence of CAUTI or bacteriuria was included.

Results

A total of 13 studies were included in the systematic review. 12 were RCTs and one was a
prospective cross-over trial. Catheters employed in the study group were grouped into two
sub-groups: Silver alloy coated or Noble metal alloy-coated (Gold, Silver, and Palladium)
catheters. Bacteriuria was the most commonly studied outcome variable across trials. Meta-
analysis indicated that silver alloy-coated catheters (RR 0.63, 95%CI 0.44—0.90, P = 0.01;

12 = 72%) and noble metal alloy catheters (RR 0.58, 95%CI 0.41-0.81, P =0.001; 12 = 0%)
significantly reduce the risk of bacteriuria. Sub-group analysis based on the duration of cath-
eterization demonstrated that silver alloy catheters reduce the risk of bacteriuria with
>1week of catheterization (RR 0.46, 95%CI 0.26—0.81, P = 0.007; 12 = 63%). Symptomatic
CAUTI was evaluated only in four studies with variable results. The quality of the included
studies was not high.

Conclusions

Our review indicates that bacteriuria may be reduced with the use of noble metal-coated
catheters during short-term catheterization of adults, however, the quality of evidence is not
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high. It is not clear if these catheters reduce the risk of symptomatic CAUTI. Further homog-
enous RCTs are needed to provide clarity.

Introduction

Urinary tract infections (UTIs) are amongst the most common nosocomial infections with
indwelling catheters contributing to an estimated 80% of these disorders [1,2]. Catheter-associ-
ated UTIs (CAUTIs) can lead to significant morbidity with prolonged hospital stays and esca-
lation in treatment costs in both high-income and low-income countries. Umscheid et al in a
review have demonstrated that approximately 65-70% of CAUTIs may be preventable with
current infection-control strategies. [3]

In recent times, nursing personnel are being increasingly involved in the prevention of hos-
pital-acquired infections. A number of nurse-led protocols, with greater participation of nurses
in monitoring and timely removal of urinary catheters, have been reported [4,5]. Nurses are
not only involved in daily catheter care but also in the selection of appropriate catheters to
reduce the incidence of CAUTISs [6]. While standard uncoated catheters are frequently
employed by health-care providers, several anti-microbial and anti-septic coated catheters are
available which may reduce the risk of CAUTIs. Catheters have been coated with silver alloy,
noble metal alloy, chlorhexidine and nitrofurazone with the sole objective of reducing the risk
of CAUTISs [7,8].

The anti-septic properties of noble metals consisting of gold, silver, palladium have been
utilized in numerous fields of medicine [9]. Thin-coatings of silver in the form of silver oxide
or silver alloy and noble metal alloy (Gold, silver, and palladium) have been applied on urinary
catheters to reduce bacterial adherence and theoretically decrease the risk of CAUTIs. Several
clinical trials have compared the use of these noble metal-coated catheters with standard cathe-
ters but with conflicting results [10,11]. In a Cochrane review by Lam et al, the authors had
evaluated evidence on the efficacy of such noble-metal coated catheters in 2014 [8]. Since then
many new trials have been published and there is a need for updated evidence on this subject,
to provide guidelines to health-care providers [12-15]. Hence, the primary objective of this
review was to perform a systematic literature search and conduct a meta-analysis to answer the
clinical question: Does the use of noble-metal coated urinary catheters for short-term catheter-
ization of adults reduce the incidence of CAUTI?

Materials and methods

Criteria for study inclusion

The review was performed following the PRISMA statement (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) [16] and the Cochrane Handbook for Systematic
Reviews of Intervention [17]. Following the PICOS (Population, Intervention, Comparison,
Outcome, and Study design) outline, we included any prospective study or RCT carried out on
a Population of adult patients (>18years) requiring short-term urinary tract catheterization for
any reason. The intervention was to be the use of a noble-metal coated urinary catheter, Com-
pared with any standard catheter not coated with noble-metal or any antimicrobial agent. The
outcome of the study was to be the incidence of CAUTT or bacteriuria. Short-term catheteriza-
tion was preferably defined as the use of the catheter for <14 days. However, studies were also
included if some patients were catheterized for >14 days but the mean duration of catheteriza-
tion was <14 days. We excluded the following studies: 1. Studies using silver-oxide coated
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catheters (as these are no more manufactured) and utilising any other anti-microbial coated
catheters 2. Conducted on patients requiring chronic/long-term catheterization 3. Utilizing
supra-pubic catheter 4. Retrospective studies, case series, and case reports.

Search strategy

A systematic literature search of various electronic databases including PubMed, BioMed Cen-
tral, Embase, Scopus, CENTRAL (Cochrane Central Register of Controlled Trials) and Google
scholar was carried. We searched all databases from their inception to 10" October 2019. No
restriction was placed on the language of publication. Two independent reviewers performed
the literature search using the MeSH terms and free-text keywords. “Noble metal catheter”,
“Silver”, “Silver alloy”, “Silver oxide”, “urinary catheter”, “Foleys catheter”, “infection”, and
“urinary tract infection” were used in various combinations. We manually checked the refer-
ence lists of all included studies and review articles for any additional references. The literature
search results were screened by their titles and abstracts by two independent reviewers for
every database. Potentially relevant articles were then extracted and subsequently screened by
their full text. Both the reviewers assessed individual studies based on inclusion criteria and

resolved any disagreement, by discussion.

Data extraction and risk of bias assessment

A data abstraction form was used by the reviewers to source data from the selected studies.
Details of authors, publication year, inclusion/exclusion criteria, sample size, demographic
data, types of catheters used, duration of catheterization, outcomes, and study results were
extracted. The outcomes of interest were to assess the difference in the incidence of symptom-
atic/asymptomatic CAUTI and bacteriuria between the two study groups.

Two review authors independently assessed the risk of bias in included studies using the
Cochrane Collaboration risk assessment tool for RCT's [18]. Every study was assessed on the
following domains: random sequence generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, incomplete outcome data, selective
reporting, and other biases. Each domain was graded as high risk, low risk or unclear risk of
bias and results presented pictorially in a Risk if bias figure.

Statistical analysis

Anticipating methodological heterogeneity in the included studies, a random-effects model
was preferred to calculate the pooled effect size. We summarized categorical data using the
Mantel-Haenszel Risk Ratio (RR) with 95% confidence intervals (CI). Heterogeneity was cal-
culated using the I” statistic. I* values of 25-50% represented low, values of 50-75% medium
and more than 75% represented substantial heterogeneity. Sub-group analysis was conducted
for different noble-metal coatings and different duration of catheterization (>1 week or
<1week). A sensitivity analysis was carried out to assess the influence of each study on the
pooled effect size. As the pooled outcome of each sub-group did not include more than 10 tri-
als, we could not create a funnel plot to explore possible small study and publication biases.
The software “Review Manager” (RevMan, version 5.3; Nordic Cochrane Centre [Cochrane
Collaboration], Copenhagen, Denmark; 2014) was used for the meta-analysis.

Results

A comprehensive literature search revealed a total of 370 unique records (Fig 1). The search
strategy for PubMed database is presented in S1 Table. A total of 21 articles were analyzed by
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Fig 1. Study flow chart.
https://doi.org/10.1371/journal.pone.0233215.9001
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their full-texts of which 8 were excluded[19-26]. Three employed silver-oxide catheters
[19,21,22], two studies were only in abstract form [20,23], two studied the effects of long-term
catheterization [25,26] while one study compared two different types of silver-coated catheters
[24]. A total of 13 studies were included in the review [10-15,27-33]. Details of the included
studies are presented in Table 1. One study [10] did not report data as the number of events
(CAUTI or bacteriuria)/ total number of patients, and hence was not included in the meta-
analysis. One paper had two sub-reports in the same article which were analyzed separately
[30]. Except for one prospective cross-over trial [15], all were RCTs. There was a large varia-
tion in the sample size in the studies included in the meta-analysis, varying from 11 to 2144
participants per group. The largest sample size was, however, of the study not included in the
meta-analysis with >13900 patients per group [10]. Different types of noble metal-coated, as
well as standard catheters, were used across studies. Catheters employed in the study group
were grouped into two sub-groups: Silver alloy coated or Noble metal alloy-coated (Gold, Sil-
ver, and Palladium) catheters. For the comparative arm, studies described the catheters as stan-
dard/regular catheter, standard silicone catheter, standard latex catheter, standard silicone
latex catheter, polytetrafluoroethylene (PTFE) coated latex catheter, teflonised latex catheter,
standard hydrogel coated catheter and standard hydrogel-coated latex catheter. The mean,
median or total duration of catheterization was <14 days for all studies except one study
where catheterization was done up to 22 days [12]. However, the authors reported outcomes
of bacteriuria at frequent intervals from 2-22 days. Outcome data up to 14 days was extracted
from this study.

Outcomes

Outcomes and their definitions varied across studies (Table 2). Bacteriuria was the most com-
monly studied outcome variable across trials. While majority studies defined bacteriuria as
>10° Colony-forming units (CFU)/ml, one study considered bacteriuria as >100 CFU/ml
[27]. Combined clinical and microbiological criteria to define symptomatic CAUTI were used
only in four studies [10,11,13,15], which too were variable.

Data of bacteriuria (till the last follow-up) was pooled for a meta-analysis based on the type
of noble metal coating (Fig 2). Seven studies [11,12,27,28,30,31,34] with eight reports were
pooled for silver alloy catheter vs standard catheter. Results indicated a significant decrease in
the risk of bacteriuria with silver alloy-coated catheters (RR 0.63, 95%CI 0.44-0.90, P = 0.01; I*
=72%). Similarly, when data of four trials [13,14,32,33] was pooled for comparing bacteriuria
with noble metal alloy catheters vs standard catheters, there was a significantly reduced risk of
bacteriuria with noble metal alloy catheters (RR 0.58, 95%CI 0.41-0.81, P = 0.001; I? = 0%).

Data from studies reporting bacteriuria after catheterization of <1week and >1week were
pooled separately. As all studies for noble metal alloy catheters reported data of <1week, the
results were the same as prior analysis (Fig 3). The results were still significant for silver-alloy
catheters (RR 0.46, 95%CI 0.26-0.81, P = 0.007; I* = 63%) when used for a catheterization
period of <1week (Fig 4). A total of three trials [11,12,30,31] with four reports were pooled for
the incidence of bacteriuria after >1week of indwelling silver alloy catheter vs standard cathe-
ter. Our results indicated significant difference between the two groups (RR 0.71, 95%CI 0.55-
0.92, P = 0.01; I* = 0%) (Fig 4).

Data for symptomatic CAUTI based on combined clinical and microbiological criteria was
available from three studies [11,13,15] (Fig 5). In one large RCT [11] comparing silver alloy
catheters vs standard catheters, there was no significant difference in symptomatic CAUTI
between the two groups (RR 1.08, 95%CI 0.83-1.42, P = 0.55). Similarly, pooled data from two
studies [13,15] did not demonstrate any significant difference between noble metal alloy
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Table 1. Characteristics of included studies.

Author/Year | Study Type Study population | Sample size (n) | Male gender (n) | Study group Control group catheter Duration of
catheter catheterization
Study |Control |Study | Control
Lundeberg RCT* NR 51 51 NR |NR Silver coated Standard catheter NA
etal [27]/ catheter
1986
Liedberg RCT Patients requiring 30 60 NA |NA Silver alloy Standard hydrogel coated or | 5 days”
etal-1[34]/ hemodynamic catheters Standard non-coated
1990 monitoring or post- catheter
operative drainage
Liedberg RCT Patients requiring 60 60 43 40 Silver alloy Teflonised latex catheter 6 days”
etal-2 [28]/ hemodynamic catheters
1990 monitoring or post-
operative drainage
Verleyen RCT Post radical 12 15 12 15 Silver alloy Standard catheter (silicone) | 14 days*
etal-1[30]/ prostatectomy patients hydrogel catheters
1999
Verleyen RCT Urological surgery 79 101 47 55 Silver alloy Standard catheter (Latex) 5 days (median)
etal-2 [30]/ hydrogel catheters
1999
Karchmer RCT Patients requiring 1394513933 |NR | NR Silver alloy Standard hydrogel-coated NA
etal [10]/ hemodynamic hydrogel latex latex catheter
2000 monitoring or post- catheters
operative drainage
Thibonetal | RCT ICU and neurosurgery | 90 109 NA |NA Silver alloy Standard catheter (silicone) | Study: 5.8+2.5 days
[31]/ 2000 patients hydrogel catheters Control: 5.9+2.3
days
(mean+SD)
Stenzelius RCT Orthopedic surgery 222|217 96 82 Gold, silver,and | Standard catheter (silicone) | 2 days (mean)
etal [32]/ patients palladium coated
2011 latex catheter
Pickard etal | RCT Patients requiring 2097 | 2144 778 | 815 Silver alloy Polytetrafluoroethylene <14 days”
[11]/ 2012 hemodynamic hydrogel-coated (PTFE) coated latex catheter
monitoring or post- latex catheter
operative drainage
Fabrellas et al | RCT Post-operative cardiac | 58 58 35 39 Gold, silver, and Standard catheter (Latex) 4 days (mean)
[14]/ 2013 surgery patients palladium coated
catheter
Aljohi et al RCT ICU patients 30 30 14 16 Latex gold, silver, | Standard catheter (silicone 3 days”
[13]/ 2016 palladium and latex)
hydrogel layer
coated catheter
Stenzelius Prospective | Stroke or acute 151 171 84 82 Latex gold, silver, | Standard catheter (silicone) | Study: 8.8+11.1
etal [15]/ cross-over neurological condition palladium and Control: 9.1+8.2
2016 hydrogel layer (mean=SD)
coated catheter
Akcametal |RCT ICU patients 28 26 16 11 Silver-coated Standard catheter (silicone) | Up to 22 days in
[12]/ 2019 silicone catheters both groups®
Ardehalietal | RCT* NR 157 | 157 NR | NR Gold, silver,and | Regular catheter 2-7 days”
[33]/ 2019 palladium coated
catheter

*published as letter to editor “total length of catheterization ®Data available for up to 14 days.

NR, Not reported; NA, Data not extractable (not available); SD, Standard Deviation; ICU, intensive care unit.

https://doi.org/10.1371/journal.pone.0233215.t001

catheters and standard catheters for the same outcome (RR 0.41, 95%CI 0.04-4.68, P = 0.47; I
=83%).
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Table 2. Outcomes of included studies.

Author/Year Outcomes and definitions Results
Lundebergetal | Bacteriuria: >100 CFU/ml Significant difference between study
[27]/ 1986 and control groups
Liedbergetal-1 | Bacteriuria: >10° CFU/ml Significant difference between study
[34]/ 1990 and control groups
Liedbergetal-2 | Bacteriuria: >10° CFU/ml Significant difference between study
[28]/ 1990 and control groups
Verleyen et al-1 | Bacteriuria: >10° CFU/ml Non-significant difference between
[30]/ 1999 study and control groups
Verleyen etal-2 | Bacteriuria: >10° CFU/ml Significant delay in the onset of
[30]/ 1999 bacteriuria with silver catheters
Karchmer etal | UTIL: defined according to a pre-specified clinicaland | A significant 21% reduction of risk of
[10]/ 2000 microbiological criteria Asymptomatic Bacteriuria: infection per 1000 patient-days in

>10° CFU/ml with no more than 2 species of organism | study group

and after >7days of indwelling catheter
Thibon et al UTL: Bacteriuria of >10° CFU/ml and >10 leucocytes/ | Non-significant difference between
[31]/ 2000 mm’ study and control groups
Stenzeliusetal | Bacteriuria: >10° CFU/ml Significant difference between study
[32]/2011 and control groups
Pickard et al Symptomatic UTI presence of participant-reported Non-significant difference between
[11]/ 2012 symptoms of urinary tract infection and clinician study and control groups

prescription of antibiotic for a urinary tract infection at

any time up to 6 weeks

Microbiologically confirmed symptomatic UTI:

symptomatic UTT and a positive urine culture

Symptomatic or asymptomatic bacteriuria: >10° CFU/

ml

Urethral discomfort with catheter
Fabrellas et al Bacteriuria: >10° CFU/ml Significant difference between study
[14]/ 2013 and control groups

Aljohi et al [13]/
2016

UTL based on definition from Center for Disease
Control and Prevention (CDC) - National Healthcare
Safety Network criteria

Catheter associated Asymptomatic Bacteriuria: urinary
catheter within 48 h before the specimen collection, a
positive urine culture of >10* CFU/ml or >10° CFU/
ml with no more than two organisms, one laboratory
evidence if <10°> CFU/ml

Asymptomatic Bacteriuria: >10° CFU/ml with no more
than 2 species of organism, no signs and symptoms of
UTI, positive blood culture with at least one matching
bacteria to the urine culture

Symptomatic Bacteriuria: same as above with
symptoms of UTI

Significant difference between study
and control groups

Stenzelius et al

UTI: symptoms of the urinary tract (lower and/or

Non-significant difference between

[15]/2016 upper) combined with the presence of bacterial growth | study and control groups

in urine (>10* CFU/ml), and prescription of urinary

tract antimicrobial agent
Akcam et al Bacteriuria: >10° CFU/ml Non-significant difference between
[12]/ 2019 study and control groups
Ardehali et al Symptoms of UTI Non-significant difference between
[33]/ 2019 Bacteriuria: >10° CFU/ml study and control groups

CFU, Colony forming units; UTI, urinary tract infection.

https://doi.org/10.1371/journal.pone.0233215.t1002
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Noble metal Standard Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.1.2 Silver alloy
Lundeberg et al 6 51 17 51 9.7% 0.35[0.15, 0.82] 1986
Liedberg et al-1 3 30 25 60 6.9% 0.24 [0.08, 0.73] 1990 —_—
Liedberg et al-2 6 60 22 60 9.9% 0.27[0.12, 0.62] 1990 —_—
Verleyen et al-1 6 12 8 15 11.2% 0.94 [0.45, 1.96] 1999 R
Verleyen et al-2 28 79 60 101 17.9% 0.60 [0.43, 0.84] 1999 —
Thibon et al 9 90 13 109 10.3% 0.84[0.38, 1.87] 2000 ——
Pickard et al 310 1785 321 1839 20.7% 0.99[0.86, 1.15] 2011 *
Akcam et al 12 28 12 26 13.4% 0.93[0.51, 1.69] 2019 .
Subtotal (95% ClI) 2135 2261 100.0% 0.63 [0.44, 0.90] <o
Total events 380 478
Heterogeneity: Tau? = 0.16; Chi? = 25.36, df = 7 (P = 0.0007); I> = 72%
Test for overall effect: Z = 2.51 (P = 0.01)
1.1.3 Noble metal alloy
Stenzelius et al-1 3 202 12 199 7.3% 0.25[0.07, 0.86] 2011 .
Fabrellas et al 18 58 29 58 53.3% 0.62 [0.39, 0.99] 2013 —l
Aljohi et al 0 30 1 30 1.1% 0.33[0.01, 7.87] 2016
Ardehali et al 18 157 29 157 38.3% 0.62 [0.36, 1.07] 2019 —
Subtotal (95% ClI) 447 444 100.0% 0.58 [0.41, 0.81] ‘
Total events 39 71
Heterogeneity: Tau? = 0.00; Chi? = 2.13, df = 3 (P = 0.55); I> = 0%
Test for overall effect: Z = 3.20 (P = 0.001)
0.01 0.1 ] 10 100
. : Favours [Noble metal] Favours [Standard]
Test for subgroup differences: Chi? = 0.14, df = 1 (P = 0.71), I> = 0%
Fig 2. Forrest plot of bacteriuria.
https://doi.org/10.1371/journal.pone.0233215.9002
Noble metal Standard Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
1.2.2 Silver alloy
Lundeberg et al 6 51 17 51 16.8% 0.35[0.15, 0.82] 1986 I —
Liedberg et al-2 6 60 22 60 17.1% 0.27[0.12, 0.62] 1990 —
Liedberg et al-1 3 30 25 60 13.2% 0.24 [0.08, 0.73] 1990 B —
Verleyen et al-2 8 79 31 101 18.8% 0.33[0.16, 0.68] 1999 B E—
Thibon et al 7 90 10 109 15.7% 0.85 [0.34, 2.14] 2000 —
Akcam et al 11 28 8 26 18.5% 1.28 [0.61, 2.67] 2019 T
Subtotal (95% Cl) 338 407 100.0% 0.46 [0.26, 0.81] ’
Total events 41 113
Heterogeneity: Tau? = 0.31; Chi? = 13.35,df = 5 (P = 0.02); I*> = 63%
Test for overall effect: Z = 2.69 (P = 0.007)
1.2.3 Noble metal alloy
Stenzelius et al-1 3 202 12 199 7.3% 0.25[0.07, 0.86] 2011 T
Fabrellas et al 18 58 29 58 53.3% 0.62 [0.39, 0.99] 2013 —
Aljohi et al 0 30 1 30 1.1% 0.33[0.01, 7.87] 2016
Ardehali et al 18 157 29 157 38.3% 0.62 [0.36, 1.07] 2019 ——
Subtotal (95% CI) 447 444 100.0% 0.58 [0.41, 0.81] ‘
Total events 39 71
Heterogeneity: Tau? = 0.00; Chi? = 2.13, df = 3 (P = 0.55); I> = 0%
Test for overall effect: Z = 3.20 (P = 0.001)
0.01 0.1 10 100
. ; Favours [Nobel metal] Favours [Standard]
Test for subgroup differences: Chi? = 0.44, df = 1 (P = 0.51), I> = 0%
Fig 3. Forrest plot of bacteriuria(<1week of catheterization).
https://doi.org/10.1371/journal.pone.0233215.9003
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Noble metal Standard
Study or Subgroup Events Total Events Total Weight

Risk Ratio
M-H, Random, 95% Cl Year

Risk Ratio
M-H, Random, 95% ClI

1.3.2 Silver alloy

Verleyen et al-1 6 12 8 15 12.3%
Verleyen et al-2 28 79 60 101 58.5%
Thibon et al 9 90 13 109 10.4%
Akcam et al 12 28 12 26 18.8%
Subtotal (95% Cl) 209 251 100.0%
Total events 55 93

0.94
0.60

0.45, 1.96] 1999
0.43, 0.84] 1999
0.84[0.38, 1.87] 2000
0.93[0.51, 1.69] 2019
0.71 [0.55, 0.92]

Heterogeneity: Tau? = 0.00; Chi® = 2.50, df = 3 (P = 0.47); I*> = 0%

Test for overall effect: Z = 2.59 (P = 0.010)

Test for subgroup differences: Not applicable
Fig 4. Forrest plot of bacteriuria(>1week of catheterization).

https://doi.org/10.1371/journal.pone.0233215.9004

Sensitivity analysis

0.01

0.1 10
Favours [Noble metal] Favours [Standard]

100

On the exclusion of the second report of Verleyen et al [30] for bacteriuria with silver alloy
catheter after >1week of catheterization, the results became statistically non-significant (RR
0.91, 95%CI 0.61-1.36, P = 0.64; I* = 0%). The results of the two studies pooled for symptom-

atic CAUTI with noble metal alloy catheters were contrasting. Singularly, Aljohi et al [13]

found a reduced risk of symptomatic CAUTI with noble metal alloy catheters while no such

difference was seen by Stenzelius et al [15]. There were no other changes of effect direction on
sensitivity analysis of the remaining variables.

Risk of bias analysis

The risk of bias summary of included studies based on the authors’ judgment is presented in
Fig 6. Adequate method of randomization was described by three studies [11,31,32] and alloca-

tion concealment by two trials [11,32]. Blinding of participants and personnel [31,32] and
blinding of outcome assessment [15,32] was appropriately clarified in two studies each.

Noble metal Standard
Study or Subgroup Events Total Events Total Weight

Risk Ratio
M-H, Random, 95% Cl Year

Risk Ratio
M-H, Random, 95% ClI

1.4.1 Silver alloy

Pickard et al 105 2097 99 2144 100.0%
Subtotal (95% CI) 2097 2144 100.0%
Total events 105 99

Heterogeneity: Not applicable
Test for overall effect: Z = 0.59 (P = 0.55)

1.4.2 Noble alloy

Aljohi et al 1 30 10 30 42.2%
Stenzelius et al-2 39 151 39 171 57.8%
Subtotal (95% CI) 181 201 100.0%
Total events 40 49

Heterogeneity: Tau? = 2.65; Chi® = 5.95,df = 1 (P = 0.01); I =
Test for overall effect: Z=0.72 (P = 0.47)

1.08 [0.83, 1.42] 2011
1.08 [0.83, 1.42]

0.10[0.01, 0.73] 2016
1.13[0.77, 1.67] 2016
0.41 [0.04, 4.68]

83%

——

0.1 ] 10

0.01 100
Favours [Noble metal] Favours [Standard]
Test for subgroup differences: Chi? = 0.61, df = 1 (P = 0.43), I = 0%
Fig 5. Forrest plot of symptomatic CAUTI.
https://doi.org/10.1371/journal.pone.0233215.9005
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Fig 6. Risk of bias summary.
https://doi.org/10.1371/journal.pone.0233215.g006
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Discussion

CAUTISs contributed to a significant load of hospital-acquired infections worldwide. Several
strategies to reduce CAUTIs have been proposed, which include limiting the use of catheter
itself, minimizing the duration of catheterization, use of anti-septic methods during insertion
and maintenance, use of disposable equipment, closed system catheterization and training of
nursing staff and other personnel involved in patient care [5-7,33]. Another method involves
coating the surface of the catheter with an anti-septic or antimicrobial like silver, noble metal
alloy, nitrofurazone and chlorhexidine [7,8]. This technique is postulated to act directly against
the primary mode of the pathogenesis of CAUTIs- the biofilm. The biofilm over an indwelling
catheter consists of a reservoir of microbes and their extra-cellular products along with host-
components. It offers a distinct survival advantage to pathogenic bacteria as the catheter sur-
face does not have an inherent defense mechanism [35]. It is thought that coating the catheter
surface with an agent acting against the colonizing microbes, may help reduce the incidence of
CAUTIs.

Silver is a non-toxic noble metal and has been used as a bactericidal agent for burn wounds
[9]. In 1979, Akiyama and Okamoto [36] devised the first urinary catheter coated with silver
which was used in 102 patients. They found no incidence of bacteriuria (>10° CFU/ml) in the
study group while all 20 patients in the control group had bacteriuria in four days of catheteri-
zation. In the past decade, Bactiguard catheters (BIP Foley Catheter, Bactiguard AB, Stock-
holm, Sweden) have been introduced with an assertion of reduced CAUTIs [32]. In these
catheters, in addition to silver, a very thin layer of other noble metals like gold and palladium
are added to the surface coating. Since there have been no comparative studies of silver and
noble metal alloy catheters to date, the results of these two devices were analyzed separately in
our review.

In a systematic literature search, we found a total of seven studies [11,12,27-31] with eight
reports comparing silver alloy catheters to standard catheters. Four reports [27-30] found a
significant difference in the incidence of bacteriuria with silver-alloy catheters while the
remaining four did not report any such difference. The overall results of our study indicate
that silver-alloy catheters do reduce the incidence of bacteriuria for short-term catheterization
(RR 0.63, 95%CI 0.44-0.90). Many of the included studies were however of a small sample size
with none recruiting more than 100 participants in each group. Pickard et al [11], in the largest
RCT included in the meta-analysis with 1785 patients in the study group and 1839 in the con-
trol group, found no significant reduction of bacteriuria with silver alloy catheters (RR 0.99,
95%CI 0.86-1.15). However, it is important to note that the median duration of catheterization
in this trial was only 2 days (Inter-quartile range (IQR): 1-3 days) for both study and control
groups which may have contributed to the non-significant result. On the other hand, while
adequate methods of randomization and allocation concealment were employed in this study,
the quality of four trials [27-30] reporting a significant difference in bacteriuria with silver
alloy catheters was questionable. Similarly, on pooling data from four studies [13,14,32,33], we
found a significant reduction of bacteriuria with the noble metal alloy catheters as compared
to standard catheters. Our results concur with the previous meta-analysis of Lam et al [8]
which reported similar results with both silver-alloy and noble metal alloy catheters. However,
in comparison were able to add three more studies [13,14,33] evaluating noble alloy catheters
and one more study [12] of silver alloy catheter to the previous review, thereby presenting
updated evidence.

One important risk factor of CAUTI and bacteriuria is the duration of catheterization [32].
While it is hypothesized that noble metal coating may reduce the biofilm formation, no mate-
rial has been found to date which eliminates bacterial colonization and biofilm formation; and
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bacteriuria may only be delayed with such catheters [35]. In a multicentric RCT, Bonfil et al
[25] have compared silver-alloy catheters with standard catheters when used for a median time
of 4 weeks. They found no significant difference between the two groups and did not recom-
mend silver alloy-coated catheters for long-term use. While our study did not include trials uti-
lizing catheters for more than 2 weeks, to test the validity of our results, we analyzed studies
based on the duration of catheterization (more or less than 1 week). Our results indicated a sig-
nificant reduction of bacteriuria with silver alloy catheters with more than one week of cathe-
terization. However, the results should be interpreted with caution as they were from a small
pool of studies with limited sample size and were not stable on sensitivity analysis. Since all
studies using noble alloy catheters employed it for less than a week; it is not known if such
catheters reduce bacteriuria with more than 1 week of catheterization.

The presence of bacteriuria, however, does not confirm CAUTI [15]. In patients with an
indwelling catheter, a daily acquisition rate of bacteriuria is estimated to be 3-10%, with most
cases of bacteriuria being asymptomatic and requiring no treatment [37]. A combined clinical
and microbiological definition of CAUTI as suggested by the Centre for Disease Control and
Prevention (CDC) is a better outcome variable rather than relying on bacteriuria alone for dif-
ferences between noble metal-coated catheters and standard catheters [38]. Two large studies
evaluating symptomatic CAUTI with silver alloy catheters presented conflicting results. While
the results of Pickard et al [11] have already been discussed, Karchmer et al [10] in a large
study on 27878 patients reported an estimated 21% reduction of risk of infection per 1000
patient-days and 32% reduction of risk of CAUTT per 100 silver-alloy catheters. The authors,
however, used a combination of symptomatic UTI and asymptomatic bacteriuria to define
CAUTI and data was not presented separately. For noble metal alloy catheters, pooled results
of the two studies demonstrated a significant reduction of CAUTI with noble metal alloy cath-
eters (RR 0.41, 95%CI 0.04-4.68). The results of the two studies [13,15] were conflicting with
significant results seen only in the smaller trial of Aljohi et al [13] with 30 patients in each
group.

Several limitations of our review need to be elaborated. Foremost, the quality of included
studies was not high with only a few studies reporting adequate randomization, allocation con-
cealment and blinding of personnel and outcome assessors. Secondly, there was wide method-
ological variability amongst studies with differences in the patient population studied, type of
uncoated standard catheter, duration of catheterization, etc. Thirdly, the majority of included
studies restricted the outcomes to the measurement of bacteriuria with only a few studies
focusing on symptomatic CAUTI. Adverse events with the use of noble metal catheters were
also not reported. Lastly, due to lack of data, a sub-group analysis based on variables like gen-
der, use of antibiotics, method of specimen collection, etc could not be carried out. The
strengths of our review include the updated evidence presented with the inclusion of four
more studies from the last review. A sensitivity analysis was carried out to validate our results
which were stable for the major outcome variable.

The involvement of nursing personnel in the prevention of hospital-acquired infection is
continuously increasing, and the prevention of CAUTI is an integral component of this pro-
cess. Since nurses have been independently managing urinary catheters in many hospitals
worldwide, it is important that the selection and routine care of catheters is based on high-
quality evidence. The aim of our review was to provide such level-1 evidence on the use of
noble metal alloy catheters in adults. Our review indicates that bacteriuria may be reduced
with the use of noble metal-coated catheters during short-term catheterization of adult, how-
ever, the quality of evidence is not high. It is not clear if these catheters reduce the risk of symp-
tomatic CAUTI as evidence in this regard is conflicting. Further, homogenous trials may
provide further clarity on this debatable topic.
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