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A B S T R A C T

Background

Urinary tract infection (UTI) is the most common hospital-acquired infection. The major associated cause is indwelling urethral catheters.
Several measures have been introduced to reduce catheter-associated urinary tract infections (CAUTIs). One of these measures is the
introduction of specialised urethral catheters that have been designed to reduce the risk of infection. These include antiseptic-coated and
antimicrobial-impregnated catheters.

Objectives

The primary objective of this review was to compare the eLectiveness of diLerent types of indwelling urethral catheters in reducing the
risk of UTI and to assess their impact on other outcomes in adults who require short-term urethral catheterisation in hospitals.

Search methods

We searched the Cochrane Incontinence Group's Specialised Trials Register, which contains trials identified from the Cochrane Central
Register of Controlled Trials (CENTRAL), MEDLINE, MEDLINE in process, ClinicalTrials.gov, WHO ICTRP and handsearching of journals and
conference proceedings (searched 9 September 2014). We also examined the bibliographies of relevant articles and contacted catheter
manufacturer representatives for trials.

Selection criteria

We included all randomised controlled trials (RCTs) and quasi-RCTs comparing types of indwelling urethral catheters for short-term
catheterisation in hospitalised adults. 'Short-term' is defined as a duration of catheterisation which is intended to be less than or equal
to 14 days.

Data collection and analysis

At least two review authors independently screened abstracts, extracted data and assessed risk of bias of the included trials. Any
disagreement was resolved by discussion or consultation with a third party. We processed data as described in the Cochrane Handbook for
Systematic Reviews of Interventions. We assessed the quality of evidence using the GRADE approach.

Main results

Twenty-six trials met the inclusion criteria involving 12,422 hospitalised adults in 25 parallel group trials, and 27,878 adults in one large
cluster-randomised cross-over trial. No trials compared one antiseptic catheter versus another, nor an antimicrobial catheter versus
another.
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Antiseptic-coated indwelling urethral catheters versus standard indwelling urethral catheters

The primary outcome, symptomatic CAUTI was reported in one large trial with a low risk of bias, comparing silver alloy hydrogel-coated
latex catheter (antiseptic-coated) against a standard polytetrafluoroethylene (PTFE)-coated latex catheter (control). The trial used a
pragmatic, US Centers for Disease Control and Prevention (CDC)-based definition for symptomatic CAUTI. For the comparison between
silver alloy-coated catheter versus standard catheter, there was no significant diLerence in symptomatic CAUTI incidence (RR 0.99, 95%
CI 0.85 to 1.16).

For secondary outcomes, the included trials reported on two types of antiseptic catheters (coated with either silver oxide or silver alloy).
For the outcome of bacteriuria, silver oxide catheters were not associated with any statistically significant reduction (RR 0.90, 95% CI
0.72 to 1.13). These catheters are no longer manufactured. Silver alloy catheters achieved a slight but statistically significant reduction in
bacteriuria (RR 0.82, 95% CI 0.73 to 0.92). However, the one large trial with a low risk of bias did not support this finding (RR 0.99, 95%
CI 0.85 to 1.16). The randomised cross-over trial of silver alloy catheters versus standard catheters was excluded from the pooled results
because data were not available prior to crossover. The results of this trial showed less bacteriuria in the silver alloy catheter group.

For the outcome of discomfort whilst the catheter was in-situ, fewer patients with silver alloy catheters complained of discomfort compared
with standard catheters (RR 0.84, 95% CI 0.74 to 0.96).

Antimicrobial-impregnated indwelling urethral catheters versus standard indwelling urethral catheters

The primary outcome measure, symptomatic CAUTI was reported in one large trial with a low risk of bias, comparing nitrofurazone-
impregnated silicone catheter (antimicrobial-impregnated) against a standard PTFE-coated latex catheter (control). The nitrofurazone
catheter achieved a reduction in symptomatic CAUTI incidence which was of borderline statistical significance (RR 0.84, 95% CI 0.71 to 0.99).

For secondary outcomes, the included trials reported on two types of antimicrobial catheters (impregnated with either nitrofurazone
or minocycline/rifampicin). Antimicrobial-impregnated catheters, compared with standard catheters, were found to lower the rate of
bacteriuria in the antimicrobial group for both minocycline and rifampicin (RR 0.36, 95% CI 0.18 to 0.73), and nitrofurazone (RR 0.73, 95%
CI 0.64 to 0.85). The minocycline and rifampicin catheter is no longer manufactured.

For the outcome of discomfort whilst the catheter was in-situ, more patients with nitrofurazone catheters complained of pain whilst the
catheter was in-situ compared with standard catheters (RR 1.26, 95% CI 1.12 to 1.41). For the period aOer catheter removal, more patients
with nitrofurazone catheters complained of pain than standard catheters (RR 1.43, 95% CI 1.30 to 1.57).

Antimicrobial-impregnated indwelling urethral catheters versus antiseptic-coated indwelling urethral catheters

One large trial compared antimicrobial-impregnated (nitrofurazone) catheters versus silver alloy-coated (antiseptic-coated) catheters.
The results showed people were less likely to have a symptomatic CAUTI with nitrofurazone-impregnated catheters (228/2153, 10.6%)
compared with silver alloy-coated catheters (263/2097, 12.5%), but this was of borderline statistical significance (RR 0.84, 95% CI 0.71 to
1.00). They did, however, have significantly less bacteriuria (RR 0.78, 95% CI 0.67 to 0.91),

While the catheter was in-situ (RR 1.50, 95% CI 1.32 to 1.70), and on removal (RR 1.32, 95% CI 1.20 to 1.45), nitrofurazone catheters were
associated with more discomfort compared with silver-coated catheters.

One type of standard indwelling urethral catheter versus another type of standard indwelling urethral catheter

None of the trials comparing standard catheters versus other types of standard catheters measured symptomatic CAUTI. In terms of
reducing bacteriuria, individual trials were too small to show whether one type of standard catheter was superior to another type. For the
outcome of urethral reactions, fully siliconised catheters appeared to be superior to latex-based catheters. However, the trials involved
small numbers of participants. There were no statistically significant diLerences between the diLerent catheters for all other outcomes.

Authors' conclusions

Silver alloy-coated catheters were not associated with a statistically significant reduction in symptomatic CAUTI, and are considerably
more expensive. Nitrofurazone-impregnated catheters reduced the risk of symptomatic CAUTI and bacteriuria, although the magnitude of
reduction was low and hence may not be clinically important. However, they are more expensive than standard catheters. They are also
more likely to cause discomfort than standard catheters.

P L A I N   L A N G U A G E   S U M M A R Y

Types of urethral catheters for management of short-term voiding problems in hospitalised adults

Background on the condition

Urethral catheters are small tubes passed into the bladder via the urethra (outlet for urine). They are oOen used for a short time aOer major
surgery. Urethral catheters are also used if a person is unable to empty the bladder when they need to (urinary retention). They are also
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used for monitoring urine output in hospitalised patients. About half of all hospitalised adults who have urethral catheters for longer than
a week will get a urinary tract infection (UTI).

The main findings of the review

Twenty-six trials were included in this systematic review involving 12,422 hospitalised adults in 25 parallel group trials, and 27,878 adults
in one large cluster-randomised cross-over trial.The review of evidence from trials found that although antiseptic-coated (silver alloy)
catheters reduced the number of bacteria in the urine, they did not reduce the number of UTIs caused by the presence of the catheter.
Catheters coated with antimicrobials (antibiotics, nitrofurazone) designed to kill or stop the growth of bacteria may reduce both the
number of bacteria in the urine as well as number of people having UTI caused by the presence of the catheter. However, the evidence is
relatively weak, and any benefit is likely to be small and hence unlikely to be meaningful to either patients or clinicians.

Adverse e�ects

These antibiotic catheters are also more likely to cause discomfort for patients compared with standard catheters, and they are more
expensive.

Conclusions

The best approaches to reducing the risk of UTI include reducing the numbers of unnecessary catheterisations, or reducing the time period
during which the catheter is used by removing it as early as possible.
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Summary of findings for the main comparison.   Antispetic-coated catheter versus standard catheter for management of short-term voiding problems
in hospitalised adults

Antiseptic-coated catheter versus standard catheter for management of short-term voiding problems in hospitalised adults

Patient or population: Patients with an indwelling urethral catheter of short-term duration
Settings: Hospital
Intervention: antiseptic-coated catheter versus standard catheter

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding
risk

Outcomes

Control Antiseptic-coat-
ed catheter versus
standard catheter

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Symptomatic CAUTI: without microbiological evi-
dence - silver alloy versus standard

See comment See comment Not estimable 4241
(1 study)

⊕⊕⊕⊕

high 1,2

 

Symptomatic CAUTI: with microbiological evi-
dence - silver alloy versus standard

See comment See comment Not estimable 4241
(1 study)

⊕⊕⊕⊝

moderate 1,2,3

 

Bacterial resistance towards antimicrobial agent
- not reported

See comment See comment Not estimable - See comment  

Urinary sepsis - not reported See comment See comment Not estimable - See comment  

Patient discomfort whilst catheter is in situ- silver
oxide versus standard 
Number with pain with catheter in place

See comment See comment Not estimable 34
(1 study)

⊕⊝⊝⊝
very low
1,2,4,5,6

 

Patient discomfort whilst catheter is in situ- silver
alloy versus standard

See comment See comment Not estimable 3718
(1 study)

⊕⊕⊕⊕

high 1,2,5

 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval;

GRADE Working Group grades of evidence
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High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Only one trial.
2 Not applicable as there is only one trial.
3 95% confidence interval is wide (0.83 to 1.42)
4 Sequence generation and allocation concealment unclear.
5 GRADE-specific outcome was patient reported discomfort whilst trial reported patient reported pain.
6 95% confidence interval is very wide (0.48 to 4.27)
 
 

Summary of findings 2.   Antimicrobial-impregnated catheter versus standard catheter for management of short-term voiding problems in
hospitalised adults

Antimicrobial-impregnated catheter versus standard catheter for management of short-term voiding problems in hospitalised adults

Patient or population: Patients with an indwelling urethral catheter of short-term duration
Settings: Hospital
Intervention: antimicrobial-impregnated catheter versus standard catheter

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Antimicrobial-impreg-
nated catheter versus
standard catheter

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Symptomatic CAUTI: without microbiologi-
cal evidence - nitrofurazone versus standard

See comment See comment Not estimable 4297
(1 study)

⊕⊕⊕⊕

high 1
 

Symptomatic CAUTI: with microbiological
evidence - nitrofurazone versus standard

See comment See comment Not estimable 4297
(1 study)

⊕⊕⊕⊕

high 1
 

Bacterial resistance towards the antimicro-
bial agent - not reported

See comment See comment Not estimable - See comment  

Study populationUrinary sepsis

See comment See comment

Not estimable 0
(0)

See comment  
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Patient discomfort whilst catheter is in situ -
nitrofurazone versus standard

See comment See comment Not estimable 3768
(1 study)

⊕⊕⊕⊕

high 1
 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Not applicable because there was only one trial.
 
 

Summary of findings 3.   Antimicrobial-impregnated catheter versus antiseptic-coated catheter for management of short-term voiding problems in
hospitalised adults

Antimicrobial-impregnated catheter versus antiseptic-coated catheter for management of short-term voiding problems in hospitalised adults

Patient or population: Patients with an indwelling urethral catheter of short-term duration
Settings: Hospital
Intervention: antimicrobial-impregnated catheter versus antiseptic-coated catheter

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Antimicrobial-impregnat-
ed catheter versus antisep-
tic-coated catheter

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study populationSymptomatic CAUTI: without micro-
biological evidence - antibiotic versus
silver alloy 125 per 1000 105 per 1000 

(89 to 125)

RR 0.84 
(0.71 to 1)

4250
(1 study)

⊕⊕⊕⊝

moderate 1,2

 

Bacterial resistance towards the an-
timicrobial agent - not reported

See comment See comment Not estimable - See comment  

Study population RR 0.64 
(0.48 to 0.86)

4250
(1 study)

⊕⊕⊕⊕

high 1
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Symptomatic CAUTI: with microbio-
logical evidence - antibiotic versus sil-
ver alloy

50 per 1000 32 per 1000 
(24 to 43)

Study populationUrinary sepsis

See comment See comment

Not estimable 0
(0)

See comment  

Study populationPatient discomfort whilst catheter is
in situ

176 per 1000 264 per 1000 
(232 to 299)

RR 1.5 
(1.32 to 1.7)

3708
(1 study)

⊕⊕⊕⊕

high 1
 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Not applicable because there was only one trial.
2 95% Confidence interval is wide (0.71 to 1.00).
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One type of standard catheter versus another standard catheter for management of short-term voiding problems in hospitalised adults

Patient or population: Patients with an indwelling urethral catheter of short-term duration
Settings: Hospital
Intervention: one type of standard catheter versus another standard catheter

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control One type of stan-
dard catheter ver-

Relative effect
(95% CI)
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sus another standard
catheter

Symptomatic CAUTI: with microbiological evi-
dence - nitrofurazone versus standard - not re-
ported

See comment See comment Not estimable - See comment  

Bacterial resistance towards the antimicrobial
agent - not reported

See comment See comment Not estimable - See comment  

Study populationUrinary sepsis

See comment See comment

Not estimable 0
(0)

See comment  

Patient discomfort whilst catheter is in situ 
Number with burning sensation in urethra - Sili-
cone versus non-silicone

See comment See comment Not estimable 40
(1 study)

⊕⊕⊝⊝

low 1,2,3,4

 

Symptomatic CAUTI: without microbiological
evidence - nitrofurazone versus standard - not
reported

See comment See comment Not estimable - See comment  

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Did not specify the method of sequence generation and allocation concealment.
2 Only one trial.
3 Burning sensation in urethra is used as a proxy of patient discomfort.
4 Only one trial. Funnel plot not applicable.
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B A C K G R O U N D

Description of the condition

Urinary tract infection (UTI) is the most common hospital-
acquired infection, accounting for between 20% and 40% of
cases (Emmerson 1996; Haley 1981; Smyth 2008). Up to 80% of
these UTIs occurring in hospitals can be attributed to the use
of indwelling urethral catheters (Bryan 1984; Smyth 2008; Turck
1981). Catheter-associated UTIs (CAUTIs) account for significant
morbidity, with symptoms such as dysuria, urgency, frequency,
haematuria, fever or bladder pain, or more serious complications
such as bloodstream infection (Bryan 1984; Krieger 1983). In
addition, healthcare costs increase by prolonging hospital stay,
and this can adversely aLect patients’ health-related quality of life
(Saint 2000; Tambyah 2002).

Urethral catheters are one of the most commonly applied medical
devices. The indications for short-term catheterisation include
monitoring of urine output during the perioperative stage or in
acutely unwell patients, as part of a urological procedure, or the
treatment of patients with acute urinary retention. The prevalence
of catheterisation is high, with up to a quarter of patients admitted
to hospital requiring urethral catheterisation at some stage during
their stay (Gould 2010; Haley 1981; Weinstein 1999). For patients
with urethral catheters, there is a cumulative daily risk of 5% of
developing bacteriuria (Haley 1981) (i.e. presence of bacteria in the
urine), with the risk increasing to 35% and 70%, aOer 7 and 14 days
of indwelling catheterisation, respectively. Whilst bacteriuria does
not normally cause symptoms (i.e. asymptomatic bacteriuria), it
does increase the risk of developing a symptomatic UTI; it has been
estimated that symptomatic UTI occurs in 20% of patients with
bacteriuria (Garibaldi 1982; Hartstein 1981). It is also associated
with a small risk of bloodstream infection (< 1%) (Bryan 1984;
Krieger 1983); whilst this risk is relatively low, bloodstream infection
is associated with a high mortality rate of approximately 30%.
The presence of bacteriuria in hospital patients with an indwelling
catheter is also a potential source of cross-infection, particularly
in critical care units, with an estimated risk per episode of 15%
(Johnson 2006). Other factors that increase the risk of infection
include female gender, older age, impaired immunity, severity of
illness (Stamm 1998), and care process factors, such as lack of
antibiotic use, longer duration of catheterisation, catheter insertion
or maintenance by poorly trained personnel, and deviation from
catheter care protocols (CDC 2009).

In terms of the microbiology of UTIs, infections associated with
short-term catheterisation typically involve a single organism,
in contrast with long-term catheterisation, where polymicrobial
infection is frequent (CDC 2009). Although a variety of micro-
organisms may be associated with CAUTI, the commonest
pathogens are enteric Gram negative bacilli (Shuman 2010)
Escherichia coli (E. Coli) is the most frequently isolated single
species, but other species such as Klebsiella spp., Proteus spp.
and Enterobacter spp. are also commonly identified. Enterococci,
Pseudomonas aeruginosa (P. aeruginosa) and Candida spp. are also
important causes of CAUTI, particularly in patients within critical
care settings. Forty Staphylococci and other Gram-negative bacilli
are isolated less frequently (CDC 2009).

The criterion for diagnosis of a symptomatic CAUTI varies
significantly in the literature. However, eLorts have been made
by healthcare organisations, such as the US Centers for Disease

Control and Prevention (CDC) to standardise definitions, based
on diLerent scenarios (e.g. UTI in presence of a urethral catheter,
symptomatic UTI, etc.) (CDC 2009). It is worthwhile noting that the
CDC’s definitions for UTI have undergone several revisions in the
past two decades. In line with CDC definitions, past and present,
which reflect clinically relevant outcomes, for purposes of this
review, a positive urine culture reported without any consideration
for patient symptoms is defined as bacteriuria rather than a UTI.

Several strategies and policies aimed at reducing CAUTI have been
introduced. These can be summarised as follows: (1) education
of patients, their caregivers and healthcare personnel, in terms
of hand hygiene and steps in preventing spread of infection; (2)
reduction in the prevalence of catheterisation by assessing the
need for catheterisation, and restricting the intervention to those
who have no other alternative of achieving bladder drainage; (3)
use of aseptic technique for catheter insertion; (4) use of antibiotic
prophylaxis in selected high risk groups at insertion based on
local antibiotic prescribing policies; (5) maintenance of a sterile,
closed drainage system by obtaining urine specimens from the
sampling port, positioning of drainage bag above floor level and
below bladder level; (6) frequent emptying of drainage bag to
maintain urine flow and prevent reflux, and daily washing of
urethral meatus; (7) minimising the duration of catheterisation by
regularly reviewing the need for catheterisation, and by aiming
for early removal of catheter; and (8) coating or impregnation
of catheter surface with antiseptic or antimicrobial substances
(Brosnahan 2004; Parker 2009; Pratt 2007; Schumm 2008; Willson
2009).

Description of the intervention

Currently, there are many types of catheters available. Standard
indwelling catheters are made from a variety of materials including:
polyvinyl chlorine, plastic, plain latex, polytetrafluoroethylene
(PTFE)-coated latex, hydrogel-coated latex, silicone elastomer, pure
silicone hydrogel and polymer hydromer (Pomfret 2000; Robinson
2001). Specialised urethral catheters have been developed
specifically to reduce the risk of infection. A common approach is to
coat the catheter with antiseptic or antimicrobial agents either on
the outer surface, the lumen, or both (Saint 1998), or impregnated
into the catheter material.

How the intervention might work

Antiseptic agents are substances which kill bacteria and other
micro-organisms. The most common antiseptic agent used is silver.
Silver has long been recognised as an antiseptic agent active
against a variety of uropathogens through multiple mechanisms
of action (Franken 2007). Silver exposure results in limited toxicity
to human tissues (Gosheger 2004) and does not appear to induce
microbial resistance (Percival 2005). Two types of silver-based
agents have been used to coat urethral catheters: silver alloy and
silver oxide (Saint 1998).

Antibiotics are antimicrobial drugs which can either kill bacteria
or inhibit their growth to stop or prevent infections. Antimicrobial-
impregnated catheters have also been developed using various
types of antibiotics active against expected uropathogens. These
antimicrobial agents are impregnated into the external and internal
luminal catheter surfaces, and elute over time into the external
surface-urethral mucosa and internal lumen–urinary boundaries
(Guay 2001).

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)
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Why it is important to do this review

Several systematic reviews have investigated the eLectiveness
of antiseptic and antimicrobial catheters in reducing CAUTIs
(Drekonja 2008; Johnson 2006; Saint 1998; Schumm 2008),
including the previous update of the present review (Shuman
2010). The results of these reviews suggest that silver alloy-coated
catheters and nitrofurazone-impregnated catheters may reduce
the incidence of bacteriuria in hospitalised patients catheterised
for less than two weeks in comparison with standard catheters.
The magnitude of relative risk reduction varied in each of the
analyses due to diLerent inclusion criteria, ranging from 16% to
48%. However, the far majority of included studies in those reviews
defined CAUTI based solely on microbiological identification
of bacteriuria without any patient-driven or clinician-defined
contribution to the primary outcomes used. Since the last Cochrane
review update, the results of a large RCT which compared silver
alloy-coated and nitrofurazone-impregnated short-term urethral
catheters versus standard catheters and which assessed clinically
relevant outcomes, have been published (Pickard 2012).

The aim of this review was to investigate the eLects of these
specialised catheters in comparison with standard ones in reducing
the incidence of symptomatic CAUTI in hospitalised patients
requiring short-term catheterisation, but also taking into account
other factors, such as ease of use, comfort and cost that may
influence decision-making regarding these catheters. For the
purpose of this review, short-term was defined as up to and
including 14 days, or other temporary short-term use as defined by
the trialists.

The following are relevant Cochrane reviews that may be of interest
to the reader.

• Antibiotic policies for short-term catheter bladder drainage in
adults (Niël-Weise 2005a).

• Antibiotic prophylaxis for short-term catheter bladder drainage
in adults (Lusardi 2013).

• Short-term urethral catheter policies following urogenital
surgery in adults (Phipps 2006).

• Strategies for the removal of short-term indwelling urethral
catheters in adults (GriLiths 2007).

• Urethral catheter policies for short-term bladder drainage in
adults (Niël-Weise 2005b).

O B J E C T I V E S

The primary objective of this review was to compare the
eLectiveness of diLerent types of indwelling urethral catheters
in reducing the risk of UTI and to assess their impact on other
outcomes in adults who require short-term urethral catheterisation
in hospitals.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All RCTs and quasi-RCTs comparing types of indwelling urethral
catheters for short-term catheterisation in hospitalised adults.
Short-term is defined as duration of catheterisation which is
intended to be less than or equal to 14 days.

Types of participants

Hospitalised adults (patients admitted to an adult hospital) with
an indwelling urethral catheter of short-term duration (less than or
equal to 14 days duration, or other temporary short-term use as
defined by the trialists).

Exclusions

• Children

• Residential care facilities

• Adult patients with chronic/long-term catheterisation for more
than 14 days

• Patients anticipated as needing a catheter in the long-term

• Patients admitted with an indwelling catheter

• Patients with suprapubic urethral catheters

• Patients with pre-existing UTIs

Types of interventions

DiLerent types of indwelling urethral catheters:

• antiseptic-impregnated indwelling urethral catheters;

• antimicrobial-impregnated indwelling urethral catheters;

• standard indwelling urethral catheters (defined as catheters that
are not impregnated with antiseptics or antimicrobial)

We wished to make the following comparisons:

1. Antiseptic-coated indwelling urethral catheters versus standard
indwelling urethral catheters;
2. Antimicrobial-impregnated indwelling urethral catheters versus
standard indwelling urethral catheters;
3. Antimicrobial-impregnated indwelling urethral catheters versus
antiseptic-coated indwelling urethral catheters;
4. One type of standard indwelling urethral catheter versus another
type of standard indwelling urethral catheter;
5. One type of antiseptic-coated indwelling urethral catheter versus
another type of antiseptic-coated indwelling urethral catheter;
6. One type of antimicrobial-impregnated indwelling urethral
catheter versus another type of antimicrobial-impregnated
indwelling urethral catheter

Types of outcome measures

Primary outcomes

The primary outcome of interest was the number of people with
symptomatic CAUTI.

Secondary outcomes

Microbiological

• Bacteriuria (defined by trialists)

• Bacterial resistance

Patient-reported

• Patient discomfort

• Patient satisfaction

Clinician-reported

• Length of time catheters used

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)
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Quality of life

• Generic QoL measures (e.g. SF 36, Ware 1992)

• Psychological outcome measures (e.g. HADS, Zigmond 1983)

Complications/adverse e;ects

• Septicaemia

• Death due to septicaemia

• Allergic reactions to catheter materials

• Other adverse eLects of intervention (as described by trialists)

Co-interventions

• Use of prophylactic antibiotics

• Use of rescue antibiotics

Economic outcomes

• cost-eLectiveness

Other outcomes

Any other non-pre-specified outcomes judged to be important
when performing the review.

We classified the primary and secondary outcomes above as
critical, important or not important from patients' perspective for
decision-making. The GRADE working group strongly recommends
including up to seven critical outcomes in a systematic review to be
assessed via the GRADE approach (Guyatt 2011).

We contacted content experts to identify outcomes of importance
to patients undergoing short-term urethral catheterisation that
could be included in a Cochrane systematic review. The content
experts included clinicians, nurses, and a health economist.
Subsequently, through the Urological Cancer Charity (UCAN),
we identified five individuals who had undergone urethral
catheterisation and invited them to take part in a group discussion
to identify important outcomes from their perspective. The
participants were not aware of the views of the content experts.
On the whole, the participants were in agreement with the content
experts regarding the key outcomes of importance. For example,
they suggested that infections and discomfort were certainly
important from their point of view. However, they also highlighted
other outcomes as being meaningful and important such as length
of hospital stay and the duration of catheterisation. Interestingly,
participants also raised issues around being catheterised and the
impact on self esteem and ability to wear clothes comfortably
(Omar 2013). We selected the following critical outcomes to assess
the quality of evidence in this systematic review, as suggested by
patients and content experts.

• Symptomatic CAUTI.

• Patient discomfort whilst catheter is in-situ.

• Bacterial resistance towards the antimicrobial agent.

• Septicaemia.

Search methods for identification of studies

We did not impose any language or other restrictions on any of the
searches detailed below.

Electronic searches

This review has drawn on the search strategy developed for
the Cochrane Incontinence Group. Relevant trials were identified
from the Cochrane Incontinence Group Specialised Register of
controlled trials. For more details of the search methods used
to build the Specialised Register please see the Group's module
in The Cochrane Library. The Register contains trials identified
from the Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, and MEDLINE in process, ClinicalTrials.gov, WHO ICTRP
and handsearching of journals and conference proceedings. Most of
the trials in the Cochrane Incontinence Group Specialised Register
are also contained in CENTRAL. The date of the last search was:
9 September 2014. (Please note: The first version of this review
searched the Cochrane Renal Group Specialised Register (searched
February 2003)).

The terms used to search the Cochrane Incontinence Group
Specialised Register are given in Appendix 1.

Searching other resources

We searched the bibliographies of relevant articles. We also
contacted catheter manufacturer representatives, however we did
not identify any further trials for inclusion.

Data collection and analysis

Selection of studies

Three review authors (TL, MO or EF) independently assessed
all titles and abstracts identified by the search. Where there
was the possibility that the study might be included, the full
paper was obtained. We resolved any disagreements through
discussion. Another review author was available to resolve any
disagreements related to study inclusion. We excluded studies that
were not randomised or quasi-randomised trials comparing types
of indwelling urethral catheters in hospitalised adults.

Data extraction and management

One review author extracted trial data using a standardised form
and this was independently verified by a second review author.
Any disagreement which arose was resolved either by discussion
or by arbitration with a third party. Where data in trials were not
fully reported, clarification was sought directly from the trialists. We
entered the extracted data into Review Manager soOware (RevMan
2012). We processed all data from included trials according to the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011).

Assessment of risk of bias in included studies

At least two review authors (TL, MO and EF) investigated the
included trials for risk of bias using the Cochrane 'Risk of bias'
assessment tool (Higgins 2011). We assessed a range of specific
issues, including:

• random sequence generation;

• level of concealment of random allocation;

• participant/therapist blinding;

• outcome assessor blinding;

• incomplete outcome data;

• selective outcome reporting; and

• any other potential sources of bias.

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)
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We resolved disagreements which arose either by discussion or by
consultation with a third party.

Measures of treatment e;ect

We processed included trial data as described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
When appropriate, we undertook meta-analysis. We categorised
comparisons by type of intervention catheter. We performed
sensitivity analyses that indicated that the results of silver
oxide versus standard catheters and silver alloy versus standard
catheters should not be combined. However, we combined data
from diLerent types of standard catheters for comparison with
antimicrobial-impregnated and antiseptic-coated catheters. Where
possible, we performed subgroup analyses, comparing outcomes
by gender and according to whether the participants were receiving
systemic antibiotics.

For categorical outcomes we related the numbers reporting an
outcome to the numbers at risk in each group to derive a
relative risk. For continuous variables we used means and standard
deviations to derive a mean diLerence (MD). We used a fixed-
eLect model to calculate the pooled relative risks, MD and their
95% confidence intervals (CIs). However, we also checked results
using a random-eLects model. We compared trials to assess
and investigate the likelihood of important clinical heterogeneity.
Where we observed significant statistical heterogeneity, we oLered
an explanation in the text. We could not apply publication bias
using a funnel plot as there were fewer than 10 trials in the meta-
analysis.

Unit of analysis issues

The primary analysis was per patient randomised.

Dealing with missing data

As far as possible, we analysed data on an intention-to-treat basis,
meaning that analysis of patients was according to the groups
to which they were originally randomised. However, if data were
missing, we used the numbers as reported by the trialists. We
contacted trialists for missing data or additional information.

If there had been evidence of diLerential dropout between the
groups we would have considered imputing data for the missing
results.

Assessment of heterogeneity

We assessed evidence of heterogeneity between trials by visual

inspection of forest plots, the Chi2 test for heterogeneity and the I2

statistic (Higgins 2003; Higgins 2011). Thresholds for interpretation

of the I2 statistic were defined according to the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011).

We regarded statistical heterogeneity as substantial if either the

I2 was greater than 50%, or there was a low P value (P < 0.10) in

the Chi2 test for heterogeneity (Higgins 2011). In those outcomes, a
random-eLects model would have been used.

Assessment of reporting biases

Owing to the diLiculties involved in the detection and correction
for publication bias, as well as other reporting biases, we aimed
to minimise the potential impact of these biases by ensuring the
implementation of a comprehensive search strategy and by being
alert to data duplication.

Data synthesis

We only combined data from trials if the trials were clinically similar.
We did this by meta-analysis using a fixed-eLect approach.

Subgroup analysis and investigation of heterogeneity

We subgrouped data according to the following.

• Type of catheter used (e.g. diLerent types of antibiotics used to
impregnate antimicrobial catheters).

• Duration of catheter use (less than, compared with longer than
one week).

• Type of participant (diagnosis or condition).

• Type of measurement unit for rate of bacteriuria (e.g. per 100
catheters used).

R E S U L T S

Description of studies

Results of the search

We screened a total of 892 records produced by the literature search
and retrieved the full-text of 62 potentially eligible articles. AOer
we assessed the articles, we considered 28 reports of 26 studies
to be eligible for inclusion in the review; we excluded 31 reports
of 28 studies. Additionally three ongoing studies were identified
(NCT00482547 2007; NCT01681511 2012; NCT02198833 2014). The
flow of literature through the assessment process is shown in the
PRISMA diagram (Figure 1).
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Figure 1.   PRISMA study flow diagram.
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Figure 1.   (Continued)

 
Included studies

We included 26 trials involving 12,223 hospitalised adults in
25 parallel group trials (Al Habdan 2003; Chene 1990; Goodwin
1990; Darouiche 1999; Johnson 1990; Kalambheti 1965; Lee 2004;
Liedberg 1990a; Liedberg 1990b; Liedberg 1993; Lundeberg 1986;
Maki 1997; Maki 1998; Nacey 1984; Nickel 1989; Pickard 2012;
Riley 1995; Stensballe 2007; Stenzelius 2011; Takeuchi 1993; Talja
1990; Thibon 2000; Tidd 1976; Verleyen 1999a; Verleyen 1999b) )
and 27,878 adults in one large cluster-randomised cross-over
trial (Karchmer 2000) comparing two types of indwelling urethral
catheters.

Of the 26 included trials, three were published in restricted format:
one as a letter to the editor (Lundeberg 1986) and two as abstracts
from scientific meetings (Maki 1998; Liedberg 1993). We were
not able to contact any of these trialists, therefore additional
information on the trials came from secondary sources (Niel-
Weise 2002; Saint 1998). Furthermore, one of the trials was an
unpublished report (Maki 1997). All other trials were published as
full-text articles.

Participants

Conditions/populations

The trials involved heterogeneous population groups.

• Fourteen trials included both women and men catheterised
for haemodynamic monitoring or postoperative drainage for a
variety of diagnoses (Al Habdan 2003; Chene 1990; Johnson
1990; Karchmer 2000; Liedberg 1990a; Liedberg 1990b; Maki
1998; Nickel 1989; Pickard 2012; Riley 1995; Takeuchi 1993;
Thibon 2000; Verleyen 1999a; Verleyen 1999b).

• Four trials included men with urological diagnoses (Darouiche
1999; Goodwin 1990; Kalambheti 1965; Tidd 1976).

• Two other trials involved men only; one involved men
postcardiac surgery (Nacey 1984) and the other included men
with a variety of medical and surgical diagnoses (Talja 1990).

• One trial included men and women undergoing elective
orthopaedic surgery (Stenzelius 2011).

• One trial included men and women from trauma and surgical
wards, and patients with urinary incontinence (Maki 1997).

• One trial included men and women from trauma centres only
(Stensballe 2007).

• One trial included men and women catheterised for more than
24 hours in five university hospitals (Lee 2004).

• Two trials did not describe the characteristics of the population
(Liedberg 1993; Lundeberg 1986).

Gender

The distribution of men and women was not even between groups
in six trials (Lee 2004; Liedberg 1990a; Liedberg 1990b; Riley 1995;
Stensballe 2007; Verleyen 1999b). In one trial, the intervention
group (silver oxide catheter) had nearly twice the number of women
than the comparison group (Riley 1995). The Lee trial included
fewer women in the treatment group than the control group and
more men in the treatment group than the control. One trial
only included men aOer transurethral resection of the prostate or
prostate cancer (Goodwin 1990).

Antiobiotic use

Six trials reported the number of participants on systemic
antibiotics (Al Habdan 2003; Johnson 1990; Pickard 2012; Riley
1995; Stensballe 2007; Thibon 2000). The numbers were similar
across the groups in the trials. Five trials reported on those taking
systemic antibiotics prior to catheterisation (Al Habdan 2003;
Pickard 2012; Riley 1995; Stensballe 2007; Thibon 2000) and one
reported on the number given antibiotics for the final 48 hours of
catheterisation (Johnson 1990). One trial (Pickard 2012) reported
on the prescription of antibiotics immediately prior to, and during
catheterisation, and within six weeks of catheter removal.

No trials included diLerent types of populations, and so we were
unable to subgroup the analysis by diagnosis.

Interventions and comparisons

The majority of trials randomised participants to an antiseptic-
coated catheter or a standard catheter. Four diLerent types of
antiseptic catheters were investigated:

• silver oxide (Johnson 1990; Riley 1995; Takeuchi 1993);

• silver alloy (Liedberg 1990a; Liedberg 1990b; Lundeberg 1986;
Maki 1998; Thibon 2000; Verleyen 1999a);

• silver alloy hydrogel (Liedberg 1993; Pickard 2012; Verleyen
1999b); and

• noble metal alloy-coated latex (Stenzelius 2011).

Two diLerent types of antimicrobial-impregnated catheters were
studied:

• rifampicin/minocycline combination (Darouiche 1999); and

• nitrofurazone (Al Habdan 2003; Lee 2004; Maki 1997; Pickard
2012; Stensballe 2007).

The types of standard catheters used were heterogeneous:

• hydrogel-coated latex Foley catheter (Chene 1990; Karchmer
2000; Liedberg 1990a; Liedberg 1993; Talja 1990);

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)
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• silicone-coated latex Foley catheter (Al Habdan 2003; Chene
1990; Darouiche 1999; Maki 1997; Nacey 1984; Nickel 1989; Riley
1995; Stenzelius 2011; Talja 1990; Verleyen 1999a);

• fully-siliconised Foley catheter (Johnson 1990; Kalambheti 1965;
Lee 2004; Stensballe 2007; Talja 1990; Thibon 2000);

• hydrophilic polymer (Hydron)-coated latex Foley catheter (Tidd
1976);

• polyvinyl chloride (PVC) Foley catheter (Tidd 1976);

• polyvinyl chloride (PVC) three-way catheter (Goodwin 1990);

• latex Foley catheter (Nacey 1984; Nickel 1989; Takeuchi 1993;
Tidd 1976; Verleyen 1999b);

• latex three-way catheter (Goodwin 1990);

• polytetrafluoroethylene (PTFE)-coated latex Foley catheter
(Pickard 2012; Liedberg 1990b); and

• unspecified standard Foley catheter (Kalambheti 1965; Liedberg
1990a; Lundeberg 1986; Maki 1998).

Two trials randomised participants into three arms: Liedberg 1990a
compared silver alloy, standard (hydrogel-coated) and standard
(non-coated unspecified) catheters, whilst Pickard 2012 compared
silver alloy hydrogel, nitrofurazone and standard PTFE-coated latex
catheters. Six trials randomised participants to two diLerent types
of standard catheters (Chene 1990; Kalambheti 1965; Nacey 1984;
Nickel 1989; Talja 1990; Tidd 1976 ).

Types of catheters used are summarised in Table 1.

Duration of catheterisation

Short-term is defined as a duration of catheterisation which is
intended to be less than 14 days. There was variation in the duration
of catheterisation in the trials. The trials described the length of
catheterisation in the following ways: total catheterisation time,
total mean length of catheterisation for all participants, and mean
or median length of catheterisation in the intervention and control
groups.

• In one trial the participants were catheterised for forty-eight
hours (Nacey 1984).

• Another four trials had a total length of catheterisation of five
to six days (Liedberg 1990a; Liedberg 1990b; Thibon 2000;Tidd
1976),

• Two further trials had a total catheterisation time of fourteen
days (Darouiche 1999; Verleyen 1999a).

• Five trials recorded the length of catheterisation as total
mean duration catheterised for all participants.The mean time
catheterised varied from 44.9 hours in one trial (Nickel 1989) and
2.2 days (Maki 1997), three days (Goodwin 1990; Talja 1990) and
five days (Verleyen 1999b).

• Eight trials described the length of catheterisation as a separate
mean for intervention and control groups. One trial reported a
mean length of catheterisation of three days in the intervention
group and two days in the control group (Stensballe 2007).
Another trial reported a mean length of catheterisation of 3.5
days in the intervention group and 3.4 days in the control group
(Kalambheti 1965). The mean length of catheterisation in both
groups in four of the trials ranged from 3.4 to 4.6 days (Chene
1990; Johnson 1990; Lee 2004; Riley 1995), while one trial had a
mean length of catheterisation in the intervention group of 7.7
days and 7.5 in the control group (Takeuchi 1993), and another

of 7.9 in the intervention group and 7.2 in the control group (Al
Habdan 2003).

• Another trial (Pickard 2012) only recruited patients catheterised
for up to 14 days, and reported the median duration of
catheterisation for each of the three arms, which was balanced
across all arms (two days); more than 96% of patients in each
arm were catheterised for less than 14 days (balanced across all
arms).

• Stenzelius 2011 recruited patients who were catheterised during
elective orthopaedic surgery, and reported the median duration
of catheterisation for the two arms, which was balanced across
both arms (two days).

Four trials did not clearly specify the length of catheterisation
(Karchmer 2000; Liedberg 1993; Lundeberg 1986; Maki 1998).

Outcome measures

Primary outcome

The primary outcome measure, i.e. 'symptomatic CAUTI' was either
not assessed or poorly defined in the great majority of studies. Very
few studies defined symptomatic CAUTI based on standardised
definitions. Pickard 2012 defined symptomatic CAUTI based on
the development of UTI symptoms and signs, and prescription
of antibiotics for a presumed UTI, at any time point during
catheterisation, or up to six weeks postcatheter removal. This
is a variation of a previous CDC symptomatic CAUTI definition,
although the time point of six weeks was longer than any
standard definitions. This primary outcome did not include any
microbiological evidence of a UTI. However, the same study also
included symptomatic CAUTI with microbiological evidence as a
secondary outcome measure.

Another trial (Karchmer 2000) defined bacteriuria or symptomatic

or non-symptomatic UTI as ‘≥ 105 cfu/mL’, whilst Thibon

2000 defined UTI as ‘bacteriuria (> 105 cfu/mL) with > 10

leucocytes per mm3 of urine'. Darouiche and colleagues defined
'symptomatic bacteriuria' as being 'diagnosed by the healthcare
provider' (Darouiche 1999).

The main outcome measure for most studies was bacteriuria
without any consideration of patient symptoms. The exception to

this was Stenzelius 2011, which assessed bacteriuria (> 105 cfu/mL)
and urinary symptoms during and aOer the catheterisation period.
There was significant heterogeneity in terms of the definition of

bacteriuria across trials, ranging from 'greater than 102 colony

forming units per mL' to 'greater than 106 colony forming units per
mL'.

Secondary outcomes

Adverse e;ects

In terms of catheter-related discomfort or symptoms, only five trials
investigated this outcome (Nacey 1984; Pickard 2012; Stenzelius
2011; Takeuchi 1993; Talja 1990).

• Pickard 2012 measured catheter-related discomfort at four time
points: catheter insertion, whilst the catheter remained in situ,
during catheter removal, and within six weeks following catheter
removal, using a self administered questionnaire completed by
patients.
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• Nacey 1984 defined urethritis as ‘penile discharge and/or penile
discomfort’.

• Stenzelius 2011 measured various adverse eLects such as pain,
burning sensation and diLiculty sleeping because of catheter.

• Talja 1990 used measurement via scanning electron microscopic
analysis to indicate urethral inflammatory reaction.

• Takeuchi 1993 also measured catheter-related pain, but did not
provide a definition for this outcome.

Timing of outcome measurement

The timing of outcome measurement of the four trials that
investigated outcomes related to comfort or urethritis, or both,
diLered considerably. The trial conducted by Nacey 1984 and
colleagues investigated urethritis with assessment at eight weeks
and six months postcatheterisation (length of catheterisation two
days) by clinical examination and urethral swabs (Nacey 1984).

Definition of outcomes

The method for gathering the data on catheter-related pain,
urethral discharge and allergic reaction was not described in
the Takeuchi 1993 report. The Talja 1990 trial investigated
inflammatory reaction in the urethra assessed by cytological
urethral swabs taken immediately aOer catheterisation, aOer
removal of the catheter and on the second or third day aOer
removal. Stenzelius 2011 measured urinary symptoms whilst the
catheter remained in situ based on a questionnaire, and 7 to 10 days
following catheter removal based on a telephone interview.

Other outcomes

Pickard 2012 also measured other outcomes, including the
development of adverse events, serious events (including urinary
sepsis and death), health-related quality of life (based on the EQ-5D
questionnaire), and economic outcomes.

An outcome of interest that was included in the trials of
standard catheters was catheter-related infection. In addition, one
small Japanese trial of antiseptic-coated catheters reported data
for: catheter-associated pain, urethral discharge and catheter-
related hypersensitivity or allergy (Takeuchi 1993). The six trials
that randomised participants to two diLerent types of standard
catheters (Chene 1990; Kalambheti 1965;Nacey 1984; Nickel 1989;
Talja 1990; Tidd 1976) investigated outcomes of catheter-related
infection or catheter-related urethritis and urethral inflammatory

reaction. One trial only reported an adverse eLect, meatal stricture
(Goodwin 1990).

Apart from variation in the definition of infection, the timing of the
outcome measurement and duration of follow-up was also diverse.
Only six trials (Darouiche 1999; Johnson 1990; Liedberg 1990b;
Maki 1997; Nickel 1989; Stensballe 2007) monitored catheter care
violations. The method of obtaining urine specimens was varied.
The majority of trials acquired samples from the catheter sampling
port (Darouiche 1999; Johnson 1990; Liedberg 1990b; Lundeberg
1986; Maki 1998; Stensballe 2007; Takeuchi 1993). However, two
trials used suprapubic puncture to obtain urine samples from
participants (Verleyen 1999a; Verleyen 1999b), and one trial took
specimens from the catheter urine bag, which could have resulted
in contamination (Liedberg 1990a).

Economic outcomes

An economic analysis was performed in two trials. Karchmer 2000
calculated the total catheter-related costs by summing the cost of
infections and the cost of catheters and their components, and cost
savings were estimated by subtracting the total catheter-related
cost for silver-coated catheters from the total cost for uncoated
catheters. The analysis included an estimation of both a lower
and higher approximation of costs. Pickard 2012 measured cost-
eLectiveness using a decision-analytical model, which compared
three types of catheters in terms of both UK NHS costs, and quality-
adjusted life-years (QALYs), based on responses to the EQ-5D
questionnaire.

Excluded studies

We excluded twenty-eight reports (Andersson 1986; Bach 1990;
Bologna 1999; Britt 1977; Cleland 1971; Day 2003; Domurath 2011;
Erickson 2008; Ghoreishi 2003; Grocela 2010; Hakvoort 2011; Hart
1981; Lee 1996; Leone 2003; Leone 2007; Leriche 2006; Litherland
2007; Nakada 1996; Newton 2002; Pachler 1998; Ratahi 2005; Rigini
2006; Sallami 2011; SchaeLer 1988; Shafik 1993; Sun 2008; Teare
1992; Witjes 2008). The reasons for exclusion are listed in the table
Characteristics of excluded studies.

Risk of bias in included studies

Details of the risk of bias assessment of the individual trials are
mentioned in the Characteristics of included studies table. The
results are graphically illustrated in Figure 2 and Figure 3. The
results are summarised below.
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Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   (Continued)

 
Allocation

Random sequence generation

• We considered randomisation with allocation concealment to
be adequate in six trials and judged it to be at low risk of
bias (Chene 1990; Goodwin 1990; Nacey 1984; Pickard 2012;
Stensballe 2007; Thibon 2000).

• We judged the method of allocation concealment to be unclear
in 15 trials (Al Habdan 2003; Darouiche 1999; Kalambheti 1965;
Karchmer 2000; Lee 2004; Liedberg 1990a; Liedberg 1990b;
Liedberg 1993; Lundeberg 1986; Maki 1998; Maki 1997; Nickel
1989; Stenzelius 2011; Takeuchi 1993; Talja 1990).

• We found the method of allocation concealment to be
inadequate in a further five trials and judged these at high risk
of bias (Johnson 1990; Riley 1995; Tidd 1976; Verleyen 1999a;
Verleyen 1999b).

Concealment of allocation

• We considered allocation to be adequately concealed in two
trials and judged these to be at low risk of bias (Pickard 2012;
Stensballe 2007).

• There was insuLicient information to permit judgement in 21
trials (Al Habdan 2003; Chene 1990; Darouiche 1999; Goodwin
1990; Johnson 1990; Kalambheti 1965; Karchmer 2000; Lee 2004;
Liedberg 1990a; Liedberg 1990b; Liedberg 1993; Lundeberg
1986; Maki 1997; Maki 1998; Nacey 1984; Nickel 1989; Stenzelius
2011; Takeuchi 1993; Talja 1990; Thibon 2000; Tidd 1976).

• We judged three trials to be at high risk of bias (Riley 1995;
Verleyen 1999a; Verleyen 1999b).

Blinding

Blinding of participants and personnel (performance bias)

• We considered blinding to be adequate in three of the included
trials (Darouiche 1999; Stensballe 2007; Thibon 2000); it was
achieved in one trial by identical packaging (Thibon 2000).

• We deemed blinding to be unclear in 20 of the included trials
(Al Habdan 2003; Chene 1990; Goodwin 1990; Johnson 1990;
Kalambheti 1965; Karchmer 2000; Lee 2004; Liedberg 1990a;
Liedberg 1990b; Liedberg 1993; Lundeberg 1986; Maki 1997;
Maki 1998; Nacey 1984; Nickel 1989; Riley 1995; Stenzelius 2011;
Talja 1990; Verleyen 1999a; Verleyen 1999b) and inadequate
in three of the included trials (Pickard 2012; Takeuchi 1993;

Tidd 1976), with two cases being due to diLerences in catheter
appearance (Pickard 2012; Tidd 1976).

Blinding of outcome assessment (detection bias)

We considered blinding of outcome assessment to be adequate in
three of the included trials (Maki 1997; Stensballe 2007; Stenzelius
2011). We deemed blinding of outcome assessors to be unclear in
22 of the included trials (Al Habdan 2003; Chene 1990; Darouiche
1999; Goodwin 1990; Johnson 1990; Kalambheti 1965; Karchmer
2000; Lee 2004; Liedberg 1990a; Liedberg 1990b; Liedberg 1993;
Lundeberg 1986; Maki 1998; Nacey 1984; Nickel 1989; Pickard 2012;
Riley 1995; Takeuchi 1993; Talja 1990; Thibon 2000; Verleyen 1999a;
Verleyen 1999b) and inadequate in one trial (Tidd 1976).

Incomplete outcome data

Data was either complete or accounted for, if missing, in 15 of
the included trials and judged to be at low risk of bias (Darouiche
1999; Goodwin 1990; Liedberg 1990a; Liedberg 1990b; Nacey 1984;
Nickel 1989; Pickard 2012; Riley 1995; Stenzelius 2011; Stensballe
2007; Talja 1990; Thibon 2000; Tidd 1976; Verleyen 1999a; Verleyen
1999b). It was judged to be at unclear risk of bias for the following
11 trials (Al Habdan 2003; Chene 1990; Johnson 1990; Kalambheti
1965; Karchmer 2000; Lee 2004; Liedberg 1993; Lundeberg 1986;
Maki 1997; Maki 1998; Takeuchi 1993).

Selective reporting

We considered three of the included trials to be at low risk of
selective reporting (Maki 1997; Pickard 2012; Takeuchi 1993) and
the remaining 23 trials to be at unclear risk (Al Habdan 2003; Chene
1990; Darouiche 1999; Goodwin 1990; Johnson 1990; Kalambheti
1965; Karchmer 2000; Lee 2004; Liedberg 1990a; Liedberg 1990b;
Liedberg 1993; Lundeberg 1986; Maki 1998; Nacey 1984; Nickel
1989; Riley 1995; Stensballe 2007; Stenzelius 2011; Talja 1990;
Thibon 2000; Tidd 1976; Verleyen 1999a; Verleyen 1999b).

Other potential sources of bias

The risk of other bias having occurred was unclear in 18 of the
included trials (Chene 1990; Goodwin 1990; Kalambheti 1965;
Karchmer 2000; Liedberg 1990a; Liedberg 1990b; Liedberg 1993;
Lundeberg 1986; Maki 1998; Nacey 1984; Pickard 2012; Stensballe
2007; Stenzelius 2011; Takeuchi 1993; Talja 1990; Thibon 2000;
Verleyen 1999a; Verleyen 1999b) and we deemed eight of the
included trials to be at high risk (Al Habdan 2003; Darouiche 1999;
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Johnson 1990; Lee 2004; Maki 1997; Nickel 1989; Riley 1995; Tidd
1976).

E;ects of interventions

See: Summary of findings for the main comparison Antispetic-
coated catheter versus standard catheter for management of
short-term voiding problems in hospitalised adults; Summary of
findings 2 Antimicrobial-impregnated catheter versus standard
catheter for management of short-term voiding problems in
hospitalised adults; Summary of findings 3 Antimicrobial-
impregnated catheter versus antiseptic-coated catheter for
management of short-term voiding problems in hospitalised
adults; Summary of findings 4 One type of standard catheter
versus another standard catheter for management of short-term
voiding problems in hospitalised adults

1. Antiseptic-coated indwelling urethral catheters versus
standard indwelling urethral catheters

There were three types of antiseptic catheters compared with a
standard catheter: silver oxide, silver alloy, and noble metal alloy.
The trials for each were analysed in three subgroups depending on
the type of intervention catheter.

Silver oxide versus standard catheter

Three trials compared silver oxide-coated catheters with a standard
catheter (Johnson 1990; Riley 1995; Takeuchi 1993) enrolling a total
of 1828 patients. The trials used diLerent standard catheters as the
comparison catheter. Johnson 1990 used an all-silicone catheter
as the standard catheter, while Riley 1995 used silicone-coated
latex as the comparison catheter. Takeuchi 1993 did not define the
standard catheter used in the trial. Eighty per cent of participants in
one of the trials received systemic antibiotics (the reasons were not
stated in the trial) (Riley 1995). All trials included men and women
admitted to surgical or medical wards, or both, although Riley had
more women in the treatment group (451/745) than in the control
group (285/564). In the Takeuchi 1993 trial all the participants had
bacteriuria when the trial ended at nine days catheterisation.

Symptomatic CAUTI

None of the studies assessed the primary outcome CAUTI as an
outcome. Instead, all studies measured bacteriuria as the primary
eLectiveness outcome.

Bacteriuria and other secondary outcomes

Pooling the results of all three trials using a fixed-eLect model did
not provide enough evidence to show whether or not there was a
reduction in risk of developing bacteriuria (RR 0.90, 95% CI 0.72 to
1.13, Analysis 1.3.1; all three trials measured this outcome at less
than one week Analysis 1.4.1). There was no statistically significant
diLerence in the number with bacteriuria between groups.

Subgroup analysis

Subgroup analysis was possible in one trial (Riley 1995). For
bacteriuria reported separately in women and men, there was a
reduction of risk of almost one-third with the silver oxide catheter
for women (RR 0.63, 95% CI 0.45 to 0.89, Analysis 1.12.2), while for
men there was not enough evidence to suggest whether or not there
was a diLerence in risk with the standard catheter (RR 1.62, 95% CI
0.91 to 2.88, Analysis 1.12.3).

The trial reported separately on those participants commenced on
antibiotics prior to catheterisation but did not state the reason
for the antibiotics. Further subgroup analysis of all participants
receiving systemic antibiotics indicated that combining antibiotics
with silver oxide catheters may reduce the risk of bacteriuria (RR
0.67, 95% CI 0.45 to 0.99, Analysis 1.12.4). Further analysis of women
and men separately who received systemic antibiotics suggested
that women were protected from bacteriuria with silver oxide
catheters (RR 0.50, 95% CI 0.31 to 0.79, Analysis 1.12.5), but there
was not enough evidence either way for men (RR 1.02, 95% CI 0.49
to 2.13, Analysis 1.12.6).

Silver alloy versus standard catheter

Ten trials compared silver alloy catheter with a standard catheter
(Karchmer 2000; Liedberg 1990a; Liedberg 1990b; Liedberg 1993;
Lundeberg 1986; Maki 1998; Pickard 2012; Thibon 2000; Verleyen
1999a; Verleyen 1999b).

Most trials included both men and women except for one which
included only men aOer radical prostatectomy (Verleyen 1999a),
and two trials did not state information about the participants
(Liedberg 1993; Lundeberg 1986).

• Pickard 2012 was a three-armed trial, comparing both
silver alloy hydrogel-coated latex catheter and nitrofurazone-
impregnated silicone catheter with a standard PTFE-coated
latex catheter (control), in hospitalised patients catheterised for
14 days or less. In the trial, 95% of patients were catheterised
for perioperative monitoring purposes. The distribution of
symptomatic CAUTI baseline risk factors was balanced across
the study groups. 73% of patients received prophylactic
antibiotics to cover the surgical procedure. The median duration
of catheterisation was two days (interquartile range, one to
three days).

• Liedberg 1990a was a three-armed trial comparing silver alloy
catheters with two non-antiseptic impregnated catheters; one
defined in the trial only as a standard catheter and the other a
hydrogel catheter (the results for both these standard catheter
groups were combined in the meta-analyses).

• Maki 1998 also defined the usual care catheter as 'control' and
did not provide any further details.

• Liedberg 1990b compared the silver alloy catheter with a
standard catheter defined as Teflonised latex Foley.

• Verleyen 1999b used a silver alloy hydrogel catheter versus a
latex catheter as the comparison standard catheter.

• Two trials compared silver alloy versus a standard silicone
catheter (Thibon 2000; Verleyen 1999a).

• One trial compared the silver alloy hydrogel catheter versus a
standard hydrogel-coated catheter (Liedberg 1993).

Lundeberg did not define the standard catheter used as a
comparison with the silver alloy catheters. Three trials monitored
catheter care violations (Liedberg 1990b; Verleyen 1999a; Verleyen
1999b).

Karchmer 2000 compared silver alloy hydrogel-coated latex
catheter with a hydrogel-coated latex standard catheter in a
cluster randomised trial where hospital ward was the unit of
randomisation. Data were not presented in a form suitable for
meta-analysis, therefore are reported in Other Data tables only
Analysis 1.6.
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Symptomatic CAUTI

In terms of the primary review outcome, Pickard 2012 was the
only trial which measured symptomatic CAUTI. The trial found no
evidence that silver alloy-coated catheters reduced symptomatic
CAUTI risk, using either definitions (non-microbiological-based
definition: 263/2097, 12.5% versus 271/2144, 12.6%; RR 0.99, 95%
CI 0.85 to 1.16, Analysis 1.1.1; microbiological based definition: RR
1.08, 95% CI 0.83 to 1.42, Analysis 1.2.1).

Bacteriuria and other secondary outcomes

For bacteriuria, nine trials measured the outcome (Liedberg 1990a;
Liedberg 1990b; Liedberg 1993; Lundeberg 1986; Maki 1998; Pickard
2012; Thibon 2000; Verleyen 1999a; Verleyen 1999b). Eight trials

defined ‘bacteriuria’ as ‘greater than 105 CFU/mL’, whilst Pickard

2012 defined it as ‘greater than 104 CFU/mL’. The timing of the
outcome measurement varied considerably between trials. For the
analysis, the outcome of bacteriuria was separated into two groups
based on the time point of measurement: less than one week of
catheterisation, and more than one week of catheterisation. Seven
trials reported bacteriuria at less than one week (Liedberg 1990a;
Liedberg 1990b; Liedberg 1993; Lundeberg 1986; Maki 1998; Thibon
2000; Verleyen 1999b ). All the trials used a latex catheter as the
control catheter except Thibon 2000 which used a silicone control
catheter.

The results of the meta-analysis on bacteriuria showed a slight
reduction in bacteriuria achieved by silver alloy catheters (RR 0.82,
95% CI 0.73 to 0.92, Analysis 1.3.2).

For the seven trials which reported bacteriuria at less than one
week, the slight reduction in bacteriuria achieved by silver alloy
catheters was still significant (RR 0.54, 95% CI 0.43 to 0.67, Analysis
1.4.2).

For the outcome of bacteriuria aOer more than one week of
catheterisation, four trials reported on this outcome (Liedberg
1993; Thibon 2000; Verleyen 1999a; Verleyen 1999b). Liedberg 1993
and Verleyen 1999b used a latex catheter as the control, whilst
Verleyen 1999a and Thibon 2000 used a silicone control catheter.
The pooled results showed a reduction in bacteriuria achieved by
silver alloy catheters over standard catheters (RR 0.64, 95% CI 0.51
to 0.80, Analysis 1.5). Subgroup analysis showed that the reduction
achieved by silver alloy was greater when latex was used as the
control (RR 0.60, 95% CI 0.47 to 0.76, Analysis 1.5.1) compared with
silicone as the control (RR 0.88, 95% CI 0.50 to 1.55, Analysis 1.5.2).

The results of a cluster-randomised cross-over trial comparing
silver alloy with standard (silicone) catheters (Karchmer 2000)
were not included in the meta-analyses because data were not
available prior to crossover (Analysis 1.6), and also because of
the heterogeneity of the outcome definition, which included
patients with ‘bacteriuria or symptomatic or non-symptomatic

UTI’ (collectively defined as ‘≥ 105 cfu/m’). The results of the rate
of bacteriuria per 1000 patient days were 2.66 versus 3.35 (RR 0.79,
95% CI 0.63 to 0.99), the rate of bacteriuria per 100 patients was 1.10
versus 1.36 (RR 0.81, 95% CI 0.65 to 1.01) and the rate of bacteriuria
per 100 catheters was 2.13 versus 3.12 (RR 0.68, 95% CI 0.54 to 0.86)
(Analysis 1.6).

The data from the cluster-randomised cross-over trial (Karchmer
2000) suggested that the sliver alloy catheter was better on two out
of three outcome measures (Analysis 1.6).

Adverse e;ects

One trial (Pickard 2012) of silver alloy versus standard catheters
reported on patient-reported discomfort as a tertiary outcome.
The results suggested that for the period whilst the catheter was
in-situ, silver alloy-coated catheters were associated with less
discomfort than standard catheters (RR 0.84, 95% CI 0.74 to 0.96)
(Analysis 1.7.1). Although more people reported pain on removal of
antiseptic catheters, this did not reach statistical significance (RR
1.08, 95% CI 0.97 to 1.20, Analysis 1.8).

One trial of antiseptic catheters (silver oxide) versus standard
catheters included secondary outcomes related to patient comfort
and adverse eLects of the catheters (Takeuchi 1993). They recorded
outcome measurements for pain and urethral secretions. No
statistically significant diLerence was found in either outcome but
the CIs were wide:

• reported urethral secretions (RR 0.72, 95% CI 0.25 to 2.03,
Analysis 1.9.1);

• patients reporting pain with catheters in place (RR 2.35, 95% CI
0.74 to 7.43, Analysis 1.10.1).

Economic outcomes

Two trials reported on economic outcomes (Karchmer 2000;
Pickard 2012). Pickard 2012 undertook formal cost-benefit analysis
using a decision-analytical model, comparing silver alloy-coated
catheters with standard PTFE-coated catheters. The primary
economic outcome was incremental cost per quality-adjusted
life-year (QALY). Healthcare costs were estimated from UK
National Health Service (NHS) sources with QALYs calculated
from participant completion of the European Quality of Life-5
Dimensions questionnaire (EQ-5D). The analysis suggested that
silver alloy catheters were unlikely to be cost-eLective for use within
UK NHS hospitals at all incremental cost-eLectiveness ratio (ICER)
threshold values of between GBP 0 to GBP 50,000. Karchmer 2000
reported that for the duration of the trial (one year) silver alloy
hydrogel catheter usage resulted in a total estimated catheter-
related cost reduction of between 3.3% and 35.5%. This translated
to savings of between USD 14,456 and USD 573,293.

Noble metal alloy versus standard catheter

One trial (Stenzelius 2011) compared a noble metal alloy-coated
(containing a mixture of gold, palladium and silver alloy) latex
catheter versus standard silicone catheters in patients undergoing
elective orthopaedic surgery (n = 439 patients). The outcomes
measured were bacteriuria and urinary symptoms. The distribution
of symptomatic CAUTI risk factors was balanced across both
groups. Ninety-three per cent of patients received prophylactic
antibiotics to cover the surgical procedure. The median duration of
catheterisation was two days (range 0 to 16 days).

The trialist did not report the primary outcome, symptomatic
CAUTI. The trial found a significant reduction in bacteriuria
achieved by the metal alloy-coated latex catheter compared with
control (RR 0.25, 95% CI 0.07 to 0.86, Analysis 1.3.3). There were
no significant diLerences in urinary symptoms, either during the
period while the catheter remained in situ or within 7 to 10 days
following catheter removal between the two groups (RR 0.96, 95%
CI 0.67 to 1.38, Analysis 1.11.1). None of the patients who developed
bacteriuria complained of any adverse urinary symptoms.

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

21



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

2. Antimicrobial-impregnated indwelling urethral catheters
versus standard indwelling urethral catheters

Two types of antimicrobial-impregnated catheters were compared
with a standard catheter: i) minocycline and rifampicin combined;
or ii) nitrofurazone. The trials for each were analysed in two
subgroups, depending on the type of intervention catheter, and
grouped into separate outcomes, dependent upon duration of
catheterisation, if this was reported.

Nitrofurazone versus standard

Five trials compared nitrofurazone-impregnated catheters with
standard catheters (Al Habdan 2003; Lee 2004; Maki 1997; Pickard
2012; Stensballe 2007). Three types of standard catheter were used.

• Al Habdan 2003 used a latex catheter as the standard catheter
whilst Lee 2004 and Stensballe 2007 both used silicone catheters
as the comparison.

• Pickard 2012 used a PTFE-coated latex catheter as the control.

• One study did not report which catheter they used as a
comparator (Maki 1997).

All of the patients in one trial received prophylactic antibiotics
pre- and postoperatively (Al Habdan 2003), three trials recorded
antibiotic use (Maki 1997; Pickard 2012; Stensballe 2007), whilst two
others did not record antibiotic use (Lee 2004; Liedberg 1993).

Only three of the trials adequately described the trial participants,
and included both men and women (Lee 2004; Pickard 2012;
Stensballe 2007). However, Lee 2004 included fewer women in the
treatment group compared to the control (23 versus 40) and more
men in the treatment group than the control (69 versus 45); the
reasons for this were not stated in the trial. In Pickard 2012, the ratio
of women to men (62%) was balanced across all arms.

Symptomatic CAUTI

In terms of the primary review outcome, Pickard 2012 was the
only study which measured symptomatic CAUTI. The median
duration of catheterisation was two days (interquartile range, one
to three days). For the outcome of symptomatic CAUTI using a
non-microbiological-based definition, people using nitrofurazone
catheters had a slight but statistically significant lower chance of
having a UTI compared with standard catheters (228/2153, 10.6%
versus 271/2144, 12.6%; RR 0.84, 95% CI 0.71 to 0.99; Analysis 2.1.1).
For the outcome of symptomatic CAUTI using a microbiological-
based definition, nitrofurazone catheters achieved a slightly higher
reduction against standard catheters (RR 0.69, 95% CI 0.51 to 0.94;
Analysis 2.2.1).

Bacteriuria and other outcomes

For the outcome of bacteriuria, all five trials reported it as an
outcome. All but one trial (Pickard 2012) defined bacteriuria as ‘≥

103 cfu/mL’; Pickard 2012 defined it as ‘≥ 104 cfu/mL’. Stensballe
2007 also included funguria as an outcome.

The trials diLered in their timing of the outcome measurement.
Three trials investigated the outcomes at less than one week (Lee
2004; Maki 1997; Stensballe 2007). Pickard 2012 did not report
bacteriuria at diLerent time periods, but since the majority of
patients were catheterised for less than one week (median duration
of catheterisation two days, interquartile range one to three days),
the outcome for bacteriuria for the study was grouped under ‘less

than one week’. Results were pooled using a fixed-eLect model
and indicated that at less than one week of catheterisation, the
risk of bacteriuria was statistically significantly reduced in the
nitrofurazone impregnated catheter group (RR 0.73, 95% CI 0.64 to
0.85, Analysis 2.3.1).

For the outcome of bacteriuria at more than one week, only one
study measured this outcome (Al Habdan 2003). The benefit from
nitrofurazone impregnated catheters in preventing bacteriuria at
more than one week was inconclusive, due to the small number
of patients and relatively few events resulting in wide CIs (RR 0.08,
95% CI 0.00 to 1.33, Analysis 2.4.1)

Adverse e;ects

For adverse eLects, one trial compared nitrofurazone catheters
versus standard catheters in terms of patient-reported discomfort
as a tertiary outcome (Pickard 2012). The results suggested that
for the period whilst the catheter was in place, and on removal,
nitrofurazone catheters were associated with more discomfort,
with more patients complaining of discomfort compared with
standard catheters (RR 1.26, 95% CI 1.12 to 1.41 (Analysis 2.5.1); and
RR 1.43, 95% CI 1.30 to 1.57 (Analysis 2.6.1) respectively).

Economic outcomes

One trial reported on economic outcomes comparing nitrofurazone
catheters with standard PTFE-coated catheters (Pickard 2012).
A formal cost-benefit analysis using a decision-analytical model
was undertaken. The primary economic outcome was incremental
cost per quality-adjusted life-year (QALY). Healthcare costs
were estimated from UK NHS sources with QALYs calculated
from participant completion of the European Quality of Life-5
Dimensions questionnaire (EQ-5D). The analysis suggested that
nitrofurazone catheters could potentially be cost-saving, with an
84% probability that the incremental cost per QALY would be under
GBP 30,000 (i.e. the willingness-to-pay threshold typically used in
the UK).

Minocycline and rifampicin versus standard catheters

Only one small trial (n = 124) compared a minocycline
and rifampicin-impregnated catheter with a standard catheter
(Darouiche 1999). This trial included men aOer radical
prostatectomy for prostate cancer and compared a silicone
catheter impregnated with minocycline and rifampicin with a
standard (silicone) catheter (Darouiche 1999). Outcome measures

included bacteriuria (greater than 104 colony forming units per
mL) at days three, seven and 14, and symptomatic UTI (timing not
stated) as defined by the healthcare provider (Darouiche 1999).

One of 56 men in the antimicrobial-impregnated catheter group
had symptomatic UTI compared with six of 68 men in the control
group (RR 0.20, 95% CI 0.03 to 1.63, Analysis 2.1.2). For bacteriuria,
at less than one week, the risk was about two-thirds lower in the
antimicrobial-impregnated catheter group (RR 0.36, 95% CI 0.18
to 0.73, Analysis 2.3.2); however, at greater than one week the
evidence was inconclusive (RR 0.94, 95% CI 0.86 to 1.03, Analysis
2.4.2).

3. Antimicrobial-impregnated indwelling urethral catheters
versus antiseptic-coated indwelling urethral catheters

Only one trial addressed this comparison. Pickard 2012 was a three-
armed trial, comparing both silver alloy hydrogel-coated latex
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catheter and nitrofurazone-impregnated silicone catheter with
a standard PTFE-coated latex catheter (control), in hospitalised
patients catheterised for 14 days or less. Although the study
did not directly report on the comparison of antimicrobial (i.e.
nitrofurazone) versus antiseptic (i.e. silver alloy) catheters, data
from the trial were available to perform this direct comparison.

Symptomatic CAUTI

For the primary review outcome of symptomatic CAUTI, using
a non-microbiological-based definition, people were less likely
to have a UTI with nitrofurazone catheters (228/2153, 10.6%)
compared with silver alloy (263/2097, 12.5%), but this was of
borderline statistical significance (RR 0.84, 95% CI 0.71 to 1.00;
Analysis 3.1.1). For the outcome of symptomatic CAUTI using a
microbiological-based definition, this diLerence was statistically
significant in favour of nitrofurazone catheters versus silver alloy
catheters (RR 0.64, 95% CI 0.48 to 0.86; Analysis 3.2.1).

Bacteriuria and other outcomes

For the outcome of bacteriuria, data from Pickard 2012 showed that
people also had significantly less bacteriuria with nitrofurazone
catheters compared with silver alloy catheters (RR 0.78, 95% CI 0.67
to 0.91, Analysis 3.3.1).

Adverse e�ects

For adverse eLects, one trial (Pickard 2012) measured the incidence
of any discomfort reported by patients, for patients catheterised
with nitrofurazone catheters and silver alloy catheters.

For the period whilst the catheter was in-situ, and on removal,
nitrofurazone catheters were associated with more discomfort,
with more patients complaining of discomfort while the catheter
was in place (RR 1.50, 95% CI 1.32 to 1.70, Analysis 3.4.1); and on
removal RR 1.32, 95% CI 1.20 to 1.45, Analysis 3.5.1) compared with
silver alloy catheters.

Economic outcomes

One trial reported on economic outcomes indirectly comparing
nitrofurazone catheters with silver alloy catheters, with both types
of catheters being compared directly with standard catheters
(Pickard 2012). The methods and results have been described
in earlier sections, under the main comparisons of antiseptic-
coated catheters versus standard catheters, and antimicrobial-
impregnated catheters versus standard catheters.

4. One type of standard indwelling urethral catheter versus
another type of standard indwelling urethral catheter

Seven trials compared one type of standard catheter with another
(Chene 1990; Goodwin 1990; Kalambheti 1965; Nacey 1984; Nickel
1989; Talja 1990; Tidd 1976).

Three trials using diLerent outcome measurements compared two
types of standard catheters to investigate infection (Chene 1990;
Nickel 1989; Tidd 1976). The trials were not combined. All three
trials compared diLerent types of standard catheters.

• The Nickel 1989 trial compared silicone with latex catheters,
using the outcome asymptomatic bacteriuria (defined as greater

than 106 colony forming units per mLL), with the final
measurement recorded 96 hours postcatheterisation.

• The Tidd 1976 trial compared three types of standard catheters:
hydrophilic polymer-coated latex, uncoated latex and PVC
indwelling catheters. The outcome of interest was UTI defined

as asymptomatic bacteriuria 103 per mL colony forming units.
The final outcome measurement was recorded at day five to six
postcatheterisation.

• The Chene 1990 trial compared hydrogel with silicone catheters
and the outcome measurement was asymptomatic bacteriuria.

In a further small trial, Goodwin 1990 compared a latex three-way
catheter (size 22G) with a PVC three-way catheter (size 22G).

Three further trials compared diLerent types of standard catheters
to investigate urethral side eLects in men (Kalambheti 1965; Nacey
1984; Talja 1990). The outcome measurements diLered in all three
trials.

• The Kalambheti 1965 trial compared silicone with non-silicone
(not defined further) catheters with an outcome measurement
of reported burning sensation in the urethra.

• The Nacey 1984 trial compared silicone with latex catheters and
the outcome was urethritis as measured by swabs of urethral
discharge.

• The Talja 1990 trial compared three types of standard catheters:
hydrogel-coated latex, siliconised latex and full silicone. The
outcome of interest was urethral reaction measured from
cytological urethral swab specimens using scanning electron
microscopic analysis.

Symptomatic CAUTI

None of the trials reported the primary outcome.

Bacteriuria and other outcomes

One trial (Nickel 1989) found no evidence of diLerence in the risk of
bacteriuria between two standard catheters, but they had wide CIs
(RR 1.07, 95% CI 0.23 to 5.01, Analysis 4.1.1).

The evidence from anther small trial (Tidd 1976) was insuLicient
to detect a diLerence in the risk of infection between any of the
three standard catheters compared, with wide CIs: hydron-coated
latex versus plain latex (RR 0.94, 95% CI 0.66 to 1.34, Analysis 4.1.2);
hydron-coated latex versus PVC balloon (RR 0.87, 95% CI 0.63 to
1.19, Analysis 4.1.3); PVC balloon versus plain latex (RR 1.09, 95%
CI 0.81 to 1.45, Analysis 4.1.4). This trial also had methodologically
flawed randomisation in some cases.

The results in a further trial (Chene 1990) also had insuLicient
evidence to say whether or not there was a reduced risk of infection
between the two standard catheters (RR 0.82, 95% CI 0.46 to 1.47,
Analysis 4.1.5).

Adverse e�ects

In one trial, (Kalambheti 1965), results using a fixed-eLect model
found that the risk of a burning sensation in the urethra was less
in the silicone catheter group than the non-silicone group (RR 0.28,
95% CI 0.13 to 0.60, Analysis 4.3.1).

In Nacey 1984, there were fewer cases of urethritis with a silicone
catheter (1/50 versus 11/50; RR 0.09, 95% CI 0.01 to 0.68, Analysis
4.4.1).
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In Talja 1990, results using a fixed-eLect model in the comparison
of hydrogel-coated latex versus siliconised latex indicated no
diLerence in urethral reaction (MD 0.00, 95% CI -3.51 to 3.51,
Analysis 4.2.1). Results of the comparison of full silicone versus
hydrogel-coated latex and siliconised latex found that in both
comparisons the risk of urethral reaction was less with a full silicone
catheter: full silicone versus hydrogel-coated latex (MD -16.00, 95%
CI -18.84 to -13.16, Analysis 4.2.2); and full silicone versus siliconised
latex (MD -16.00, 95% CI -18.96 to -13.04, Analysis 4.2.3).

In a fourth small trial (Goodwin 1990), only one person in each
group had meatal stricture (Analysis 4.5.1).

Economic outcomes

None of the trials reported economic outcomes.

5. One type of antiseptic-coated indwelling urethral catheter
versus another type of antiseptic-coated indwelling urethral
catheter

No trials were found that addressed this comparison.

6. One type of antimicrobial-impregnated indwelling urethral
catheter versus another type of antimicrobial-impregnated
indwelling urethral catheter

No trials were found that addressed this comparison.

D I S C U S S I O N

Summary of main results

This systematic review identified 26 eligible trials that addressed
four of the six prestated hypotheses. In addition, three ongoing
studies were identified (NCT00482547 2007; NCT01681511 2012;
NCT02198833 2014). One trial compared an antiseptic catheter with
an antibiotic catheter (Pickard 2012). No trials were identified that
compared one type of antiseptic catheter with another type of
antiseptic catheter, or one type of antibiotic catheter with another
type of antibiotic catheter. Short-term is defined as a duration of
catheterisation which was intended to be less than 14 days.

Antiseptic-coated indwelling urethral catheters versus
standard indwelling urethral catheters.

This comparison included twelve trials that randomised a total
of 8317 hospitalised adults (4133 catheterised with antiseptic
catheters and 4184 with standard catheters) and one cross-over
trial that randomised hospital wards of 27,878 hospitalised adults.
There were three types of antiseptic catheters: silver oxide, silver
alloy and noble metal alloy (composed of a mixture of gold,
palladium and silver alloy). Most of the trials included in the pooled
analysis were small, with only three trials stating they used a power
calculation (Pickard 2012; Stenzelius 2011; Thibon 2000).

For silver oxide (antiseptic-coated) catheters, none of the included
three trials measured the prespecified primary outcome i.e.
symptomatic CAUTI. The catheters were not found to prevent
bacteriuria in short-term catheterised hospitalised adults in the
three trials included in the analysis. Subgroup analysis by gender
in one trial did suggest that women are less likely to develop
bacteriuria if they use silver oxide catheters, whereas the evidence
for men was inconclusive (Riley 1995). The same trial also suggested
that systemic antibiotic use also decreased the rate of bacteriuria
in the silver oxide group, particularly in women. These subgroup

analyses should be interpreted cautiously, particularly when
the overall result suggests no diLerence. However, silver oxide
catheters are no longer manufactured and therefore these data are
no longer clinically relevant.

For silver alloy (antiseptic-coated) catheters, out of the 10
included studies, only one trial measured the primary outcome
(Pickard 2012), which did not find any statistically significant
reduction in symptomatic CAUTI. This finding was based on two
diLerent definitions of symptomatic CAUTI. In both instances,
the experimental catheters did not demonstrate any benefit. The
study was a well designed and robust RCT, specifically designed to
determine the eLectiveness of silver alloy catheters in comparison
with standard catheters as used in UK National Health Service
(NHS) hospitals. Although previous studies (including the present
review) found a slight but statistically significant reduction in
bacteriuria from the pooled analysis of nine studies (RR 0.83, 95% CI
0.75 to 0.92), the Pickard 2012 trial confirms that such a reduction
is neither clinically significant nor meaningful because of the lack
of impact on symptomatic UTI. However, the authors of this trial
acknowledged that the trial reflected the way short-term catheters
were used in UK NHS hospitals, where the median duration of
catheterisation for the entire cohort (n = 7102) was only two days.

To address the issue of whether duration of catheterisation had an
eLect on the outcome, the authors conducted a subgroup analysis,
which showed that the risk of infection was not influenced by
the duration of catheterisation. This demonstrates the importance
of measuring outcomes which are clinically important and
meaningful to patients in clinical trials, rather than surrogate
outcomes such as bacteriuria.

Other limitations in the meta-analysis of trials for the outcome
of bacteriuria included clinical heterogeneity, such as diverse
populations, use of antibiotics and diLerences in the standard
catheter chosen as the comparison. Only one trial reported catheter
care violations (Liedberg 1990b). The method of urine specimen
collection also diLered between the trials, from two trials using
the gold standard method of suprapubic puncture (Verleyen 1999a;
Verleyen 1999b), five using various methods to collect the specimen
directly from the catheter and one trial collecting the specimen
from the drainage bag, which increases the likelihood of bacterial
contamination.

For noble metal alloy (antiseptic-coated) catheters, one study
(Stenzelius 2011) found a dramatic reduction in bacteriuria in
comparison with standard silicone catheters (RR 0.27, 95% CI
0.08 to 0.95). Rather oddly, the primary outcome of the study
was bacteriuria rather than symptomatic CAUTI, although there
was an opportunity for the trialists to measure symptomatic UTI,
considering they assessed for the presence of urinary symptoms. As
such, the clinical significance of the findings remains uncertain.

Catheterised men and women generally develop bacteriuria in
diLerent ways due to their anatomical diLerences. Men are more
likely to develop catheter-related bacteriuria via the intraluminal
route from a contaminated drainage bag, while in women
contamination is more oOen transurethral when bacteria migrate
from the periurethral region aOer faecal contamination. One major
limitation of the silver alloy trials was that subgroup analysis was
not possible by gender. Subgrouping of the results by duration of
catheterisation was possible, however, and this indicated that the
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eLect of silver alloy catheters on bacteriuria persisted beyond one
week of catheterisation up to two weeks.

In terms of adverse eLects or catheter-related discomfort, only
three trials assessed these outcomes on antiseptic catheters
compared with standard catheters. Pickard 2012 found silver alloy
catheters were no worse than standard catheters, whilst Stenzelius
2011 found no diLerences between noble metal alloy catheters
and standard catheters. Although Takeuchi 1993 measured patient
comfort and adverse eLects related to silver oxide catheters, the
trial was underpowered and poorly designed, and the methods for
collecting the secondary outcome data were not described; this
precluded any meaningful interpretation of the trial findings.

Economic evaluation

There have been no trials that investigated the issue of
whether patients catheterised with antiseptic catheters may
develop antimicrobial resistance. Two trials undertook economic
evaluation. Karchmer 2000 was a large cluster-randomised cross-
over trial which also included an economic analysis; the study
found data in favour of silver alloy hydrogel catheters (Karchmer
2000). Silver alloy catheters were significantly more expensive than
standard catheters. The cost estimates derived in the trial used both
a low and high approximation of costs and calculated catheter-
related cost reduction of between 3.3% and 35.5%. The limitation
of this trial was firstly, the randomisation of hospital wards rather
than individual patients, and secondly, the risk of cross-over of
catheters leading to contamination between groups. (Pickard 2012
undertook formal economic analysis of silver alloy catheters versus
standard catheters using an economic model. In the absence of
any evidence of clinical eLectiveness, the trial concluded that silver
alloy catheters were unlikely to be cost-eLective for the UK NHS.

Elsewhere, outside this review, the issue of cost-eLectiveness of
silver alloy catheters has also been covered by other studies, albeit
in an indirect way. Plowman developed an illustrative model of
the annual costs and benefits associated with the use of silver
alloy catheters in hospitalised medical and surgical inpatients in
NHS hospitals in England (Plowman 2001). The model suggested
that a reduction in the incidence of UTI of 14.6% in catheterised
medical patients and 11.4% in catheterised surgical patients would
ensure that the cost of silver alloy catheters was the same as
standard catheters. Any further reduction in incidence would then
result in cost savings. In another study conducted in the USA, Saint
2000 developed a cost-benefit decision model using a simulated
cohort of 1000 hospitalised general medical, surgical, urologic and
intensive care patients requiring short-term catheterisation (two
to ten days) comparing silver alloy with standard catheters (Saint
2000). The results were calculated using a relative risk reduction
of bacteriuria with the use of silver alloy catheters of 25%. They
calculated that the use of silver alloy catheters could lead to a 47%
relative decrease in the incidence of symptomatic UTI (from 30 to
16 cases per 1000 patients), with a number needed to treat (NNT)
of 74, as well as a relative decrease in resultant bacteraemia of
44% (from 4.5 to 2.5 cases), with a NNT of 500. Using a multivariate
sensitivity analysis and Monte Carlo simulation, they indicated that
silver alloy catheters could provide benefit in all cases and cost
savings in 84% of cases. However, without any clinical benefit in
terms of significant reductions in symptomatic CAUTI, it is hard to
imagine how these potential economic benefits could have been
achieved.

Antimicrobial-impregnated indwelling urethral catheters
versus standard indwelling urethral catheters

This comparison included the results of six trials that
randomised a total of 5248 hospitalised adults (2625 catheterised
with antimicrobial-impregnated catheters and 2623 with
standard catheters). There were two types of antimicrobial-
impregnated catheters: minocycline combined with rifampicin and
nitrofurazone alone.

As with the antiseptic trials, the antimicrobial trials included
in the pooled analysis were of small numbers of participants,
with the exception of Pickard 2012. Only Pickard 2012 measured
symptomatic CAUTI, whilst the rest measured bacteriuria as the
main outcome measure.

Of the six studies, only one of these (Darouiche 1999) investigated
minocycline- and rifampicin-impregnated catheters compared
with a standard catheter. This relatively small trial was not powered
to detect diLerences in bacteriuria. It included a very limited
population (men aOer radical prostatectomy) and therefore the
benefit shown in reducing bacteriuria in those catheterised for
less than a week may not be applicable to other groups of adult
patients, particularly women. In fact, one of the inclusion criterion
was sterile urine prior to catheterisation which would be unlikely
to be found in more high risk groups. There was not enough
evidence to show whether this diLerence persisted aOer the first
week. Adverse eLects, such as antimicrobial resistance to the
catheters over time, were not investigated. Moreover, minocycline-
and rifampicin-impregnated catheters are no longer in clinical use
and therefore these data are no longer clinically relevant.

There were five other antimicrobial trials that investigated
nitrofurazone-impregnated catheters against standard controls.
Based on only one study (Pickard 2012), the review found
that nitrofurazone catheters achieved a slight but statistically
significant reduction in symptomatic CAUTI, depending on the
definition of the outcome. For the outcome of bacteriuria, the
pooled data from four studies also showed a significant reduction
at one week. The data regarding duration of catheterisation beyond
one week were inconclusive.

Of the four trials that investigated the eLect of nitrofurazone-
impregnated catheters against standard catheters on bacteriuria
at less than one week, three of these studies were well designed
to minimise bias (Maki 1997; Pickard 2012; Stensballe 2007 ); Maki
1997 and Stensballe 2007 were relatively small trials. The other
trial (Lee 2004) demonstrated bias in its selection criteria with
an unequal distribution of men and women in the control and
treatment groups.

In terms of catheter-related discomfort, Pickard 2012 was the only
study which assessed this outcome for nitrofurazone catheters in
comparison with standard catheters. Up to 43% more patients who
received the nitrofurazone catheter complained of catheter-related
discomfort for the period whilst the catheter was in situ and on
catheter removal, compared with standard catheters. This finding
is likely to be clinically relevant to patients, and is probably due to
the diLerent properties of the catheter material.

Taken together, these data indicate a small but statistically
significant benefit regarding clinically relevant outcomes achieved
by these catheters, whilst being associated with more discomfort.
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Economic evaluation

Data regarding economic evaluation of nitrofurazone catheters
were obtained from Pickard 2012, who undertook formal economic
analysis of nitrofurazone catheters versus standard catheters using
an economic model. Based on incremental cost per quality-
adjusted life-year (QALY) calculated from the perspective of the UK
NHS using self administered questionnaires, the study concluded
that there was a high (84%) probability that the catheters could
be cost-eLective within NHS hospitals, although this estimate was
associated with some uncertainty. Part of the methodological
problems related to the length of hospital stay, which appeared
to be unbalanced within the study arms; in the majority of
circumstances, duration of hospital stay was not related to the
presence of the catheter or to CAUTI, but rather to underlying
medical conditions or surgical procedures.

Antimicrobial-impregnated indwelling urethral catheters
versus antiseptic-coated indwelling urethral catheters

Data for this comparison were provided by Pickard 2012, which
compared nitrofurazone (antimicrobial-impregnated) catheters
and silver alloy (antiseptic-coated) catheters against standard
catheters in a three-armed trial. The results showed that
nitrofurazone catheters were superior to silver alloy catheters
in reducing both symptomatic CAUTI and bacteriuria. However,
up to 50% more patients who received nitrofurazone catheters
complained of catheter-related discomfort compared with those
who received silver catheters. The potential clinical benefit of
nitrofurazone catheters must be balanced against the likelihood
that it will cause greater discomfort.

Economic evaluation

Pickard 2012 also performed formal economic evaluation of
nitrofurazone catheters versus silver alloy catheters. Both catheters
were compared with standard catheters, and the results suggested
that silver alloy catheters were unlikely to be cost-eLective, whilst
nitrofurazone catheters could potentially be cost-eLective for use
in UK NHS hospitals.

One type of standard indwelling urethral catheter versus
another type of standard indwelling urethral catheter

This comparison included six trials that randomised a total of 653
hospitalised adults to diLerent types of standard catheters. Three
small trials looked at the likelihood of infection between types
of standard catheters. There were significant clinical diLerences
between the trials, in terms of: comparison of diLerent types of
standard catheters, inclusion of diLerent types of patients and
variable outcome measurements. For these reasons, the data from
these trials were not pooled. None of the trials, however, provided
suLicient evidence to suggest whether any type of standard
catheter was superior than another in terms of reducing the rate of
bacteriuria.

Another three trials investigated adverse eLects of standard
catheters, in particular urethral side eLects in men. As before, the
trials were clinically heterogenous. All the trials included diLerent
outcome measures and the catheters compared were diverse. The
results indicated that siliconised catheters were less likely to result
in adverse urethral eLects in men, but each outcome was addressed
only in single small trials.

Overall completeness and applicability of evidence

The primary objective of this review was to determine the
eLectiveness of diLerent types of indwelling urethral catheter
in reducing the risk of UTI in adults who undergo short-term
urethral catheterisation in hospitals. Although 26 RCTs were
included, only one trial ((Pickard 2012) measured symptomatic
CAUTI using standardised definitions. The trial was designed to
assess the catheters as they are used within UK NHS hospitals
as short-term catheters only. The majority of patients (95%) were
patients undergoing elective surgery and were catheterised for
perioperative monitoring purposes. As such, the study and review
findings have to be interpreted accordingly.

It remains unknown if the eLectiveness results regarding the
experimental catheters would apply to longer-term catheters,
although the trial did not find any interaction between catheter
duration and reduction of CAUTI risk. Equally, the impact of the
catheters on diLerent groups of patients, for instance those at high
risk of developing CAUTIs (i.e. patients in Intensive Therapy Units,
patients undergoing urological surgery, or patients with recurrent
UTIs) remains uncertain.

In addition, none of the identified trials addressed the following
potentially important question:

• Is one type of antimicrobial-impregnated indwelling urethral
catheter better than another type of antimicrobial-impregnated
indwelling urethral catheter?

Consequently, further trials may be required to address the above
uncertainties.

Quality of the evidence

We contacted content experts to identify critical outcomes relevant
to patients undergoing short-term urethral catheterisation that
could be included in this systematic review. Subsequently, we
identified five patients who had undergone urethral catheterisation
and invited them to take part in a focus group to identify important
outcomes from their perspective. The review authors believe
that the current work demonstrates the importance of patient
involvement when developing Cochrane reviews and for identifying
critical outcomes in order to maximise their relevance (Omar 2013).

The assessment of the quality of the evidence was performed
using GRADE, based on the four critical outcomes identified by this
process: symptomatic CAUTI, patient discomfort whilst catheter is
in-situ, bacterial resistance towards the antimicrobial agent, and
urinary sepsis (Omar 2013).

There was high quality evidence from one large trial (Pickard 2012)
that silver alloy (antiseptic-coated) catheters did not significantly
reduce symptomatic CAUTI (RR 0.99, 95% CI 0.85 to 1.16). No trial
reported CAUTI for silver oxide (antiseptic-coated) catheters.

There was high quality evidence from the same trial
(Pickard 2012) that nitrofurazone-impregnated (antimicrobial-
impregnated) catheters achieved a slight but statistically
significant reduction in symptomatic CAUTI compared with
standard catheters (RR 0.84, 95% CI 0.71 to 0.99). No trial reported
CAUTI for minocycline/rifampicin (antimicrobial-impregnated)
catheters.
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The quality of evidence for the other outcomes is summarised in
the following tables: Summary of findings for the main comparison;
Summary of findings 2; Summary of findings 3; Summary of
findings table 5; Summary of findings table 6; Summary of findings
4.

In general the risk of bias from the smaller trials was high due to
lack of adequate reporting or use of standardised methods.

Potential biases in the review process

We searched all the important databases and imposed no language
restriction in our search strategy. However, we were mindful that
these databases might not have contained all the potentially
eligible trials. We made every eLort to ensure adherence to the
methods as described in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). Some of the authors of
this review (TL and KG) were directly involved in the Catheter
Trial (Pickard 2012) as co-applicants. In order to minimise bias,
the risk of bias assessment of Pickard 2012 and GRADE quality of
evidence assessments were performed by other authors who were
not involved with the trial (MO and EF).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

1. Are antiseptic-coated indwelling urethral catheters better
than standard indwelling urethral catheters?

The evidence suggests that silver alloy (antiseptic-coated)
catheters do not reduce symptomatic CAUTI, although they appear
to reduce bacteruria, in the short-term catheterised patient. With
a few exceptions, the majority of trials dealing with this question
were generally of poor quality.

2. Are antimicrobial-impregnated indwelling urethral catheters
better than standard indwelling urethral catheters?

The evidence suggests that antimicrobial-impregnated catheters
do reduce symptomatic CAUTI in hospitalised adults catheterised
short-term, although the margin of benefit appears to be small.
They also reduce bacteriuria to a significant degree. However, they
are associated with greater patient-reported discomfort. Whilst
these catheters may be cost-eLective, it remains unclear if the
marginal benefits are clinically important. Some uncertainties also
remain over how beneficial the catheters are beyond one week of
catheterisation.

3. Are antimicrobial-impregnated indwelling urethral catheters
better than antiseptic-coated indwelling urethral catheters?

The data from one well designed study indicated that antimicrobial
catheters were more eLective in reducing symptomatic CAUTIs
than antiseptic-coated catheters, and in reducing bacteriuria,
in hospitalised adults catheterised short-term. They were also
more likely to be more cost-eLective than antiseptic-coated
catheters, although they were associated with more patient-
reported discomfort.

4. Is one type of standard indwelling urethral catheter better
than another type of standard indwelling urethral catheter?

No standard catheter was found to be better than another in
terms of reducing the risk of bacteriuria in hospitalised adults

catheterised short-term. Siliconised catheters may be less likely
to cause urethral side eLects in men, but this result should be
interpreted with some caution as the trials were small and the
outcome definitions and specific catheters compared diLered.

5. Is one type of antiseptic-coated indwelling urethral catheter
better than another type of antiseptic-coated indwelling
urethral catheter?

None of the trials included in the review addressed this question.

6. Is one type of antimicrobial-impregnated indwelling
urethral catheter better than another type of antimicrobial-
impregnated indwelling urethral catheter?

None of the trials included in the review addressed this question.

Implications for research

This review found no evidence which supports the use
of antiseptic-coated silver alloy-coated catheters in reducing
symptomatic CAUTI. There was some evidence which suggested
that nitrofurazone (antimicrobial-impregnated) catheters reduced
symptomatic CAUTI, but the margin of benefit was small and such
catheters were more uncomfortable for patients.

However, the following important questions and issues remain
unresolved.

1. Need for standardised definitions for outcome measures in
trials assessing CAUTIs

There is a distinct lack of consensus regarding the choice of
outcomes which should be measured in trials, how they should
be defined, how they should be measured in terms of the
most appropriate measurement tools, time point of outcome
measurement, and in their reporting. This leads to diLiculty in
systematically summarising or pooling the results of diLerent
trials, and renders the results of diLerent trials incomparable.
Another important knowledge gap is the lack of patient-centred
outcomes, such as satisfaction and discomfort/pain, measured
in clinical trials. A core outcome set for trials of interventions
for reducing symptomatic CAUTI, which encompasses the most
important outcomes and which reflect the interests of patients and
clinicians, should be developed (Gargon 2014).

2. Valuation of benefit

For the assessment of economic outcomes, there appear to
be diLiculties in capturing events which accurately reflect the
true impact of interventions. For instance, assessment of health-
related QoL impact of experimental interventions, such as urethral
catheterisation, which represents only a subsidiary part of overall
care of patients undergoing more major intervention (e.g. major
surgery), is fraught with diLiculties, because any impact of the
experimental intervention is likely to be masked by the greater
impact of the major intervention. More precise and pragmatic
methods of capturing any changes in well-being specific to the
subsidiary intervention, along with the resultant impact on costs,
are needed.

3. Further exploration of antimicrobial devices

The exploration of diLerent materials and antimicrobial agents
constituting the catheter, or diLerent ways or strategies of
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inhibiting the formation of catheter biofilms, remains appealing
and deserves further research. New catheter materials are being
introduced all the time, along with new ways of inhibiting
bacterial biofilm formation within the catheter surface, such as the
incorporation of drug-eluting materials.

4. Alternative interventions to reduce CAUTI

Whilst much emphasis has been placed on innovative
catheter designs (e.g. coating or impregnation with antiseptic
or antimicrobial compounds), more pragmatic and intuitive
strategies, based on minimising the incidence of catheterisations,
shortening catheter duration, and using alternative techniques

(e.g. intermittent self catheterisation catheters), warrant further
research.
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Characteristics of included studies [ordered by study ID]

 

Methods RCT

Participants n = 100 men and women
Orthopaedic and trauma surgery - postoperative catheterisation

Interventions I (50) Nitrofuroxone-coated
II (50) Silicone-coated Foley catheter (control)

Outcomes Bacteriuria as defined as 100,000 cfu/mL
I 0/50 II 6/50

Notes Prophylactic antibiotics - all patients given pre- and postop
No inclusion or exclusion criteria
Trial conducted in Saudi Arabia

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Al Habdan 2003 
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Selective reporting (re-
porting bias)

Unclear risk Not specified

Other bias High risk UTI was stated as outcome but bacteriuria was measured

Al Habdan 2003  (Continued)

 
 

Methods RCT

Participants n= 266 men and women

Interventions I (129) Standard catheter (Hydrogel)
II (137) Standard catheter (Silicone)

Outcomes UTI
I 17/129 II 22/137 not statistically significant

Notes Analysis not ITT
withdrawals = 24; 17 due to UTI at time of randomisation; 3 due to 'catheterised in inadequate man-
ner'; 4 due to 'catheterisation was impossible with the catheter randomised to'
Study conducted in neurological intensive care unit, France

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Allocation by table of random numbers

Allocation concealment
(selection bias)

Unclear risk Unclear

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Unclear

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Unclear

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Unclear

Selective reporting (re-
porting bias)

Unclear risk Unclear

Other bias Unclear risk The report is in French with English abstract

Chene 1990 

 
 

Methods RCT (double-blind)

Darouiche 1999 
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Allocation by block randomisation

Participants n = 124 men
Mean age 62 yrs
Incl: Age > 35 yrs, prostate cancer requiring catheterisation during radical prostatectomy
Excl: Allergy to tetracycline or rifampin, active UTI at time of surgery, dermatitis at site of catheter in-
sertion, expected duration of catheterisation < 14 days, no informed consent

Interventions I (56) Silicone impregnated with minocycline and rifampin catheter
II (68) Standard catheters (silicone).

Outcomes Bacteriuria as defined as 100,000 cfu/mL at >1 week : I 8/56, II 27/68; 2 weeks: I 51/56, 66/68

Notes Not powered to investigate symptomatic UTI
Record application of local antimicrobials
Catheters held in place through a sutured safety button on the anterior abdominal wall
Catheter care violations monitored 48% in antimicrobial-impregnated group and 51% in silicone group
Catheter specimens collected via needle aspiration

Trial conducted in USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 'Catheters assigned in a blind fashion'

'Catheter pouches removed from the box 1 at a time...'

There is an assumption here however that both catheters look identical

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 121 excluded postrandomisation, therefore no cultures for these participants

Reports pertaining to bacteriuria appear complete

Selective reporting (re-
porting bias)

Unclear risk Primary/secondary outcomes not clearly specified

Other bias High risk Study was supported by Cook Urological

Darouiche 1999  (Continued)

 
 

Methods RCT

Participants Patients with benign prostatic hyperplasia (71) or prostatic carcinoma (13)

Interventions A (42): Latex three-way catheter size 22G

Goodwin 1990 
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B (42): Polyvinyl chloride three-way catheter size 22G

Mean duration of catheterisation = 3 days

Outcomes Meatal stricture at 24 weeks: A 1/42, B 1/42

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "......patients were randomised by drawing cards into two groups....."

Allocation concealment
(selection bias)

Unclear risk Not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not mentioned

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not mentioned

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Unclear risk Protocol not seen

Other bias Unclear risk Unclear risk

Goodwin 1990  (Continued)

 
 

Methods RCT

Participants n = 482 women and men
Mean age 49
Incl: Catheterised at least 24 hrs
Excl: UTI at catheterisation, < 17 yrs, catheter removed < 24 hrs
Specialties: ICU, neurology and surgery
Length of catheterisation: mean of 3 days in silver and 4 in silicone, range 1 to 31 silver and 1 to 58 in
silicone

Interventions I (207) Silver oxide-coated catheters
II (275) Standard catheters (fully-siliconised)

Outcomes UTI as defined as 1000 cfu/mL: I 19/207, II 28/275; Women: I 0/93, II 5/74; Men: I 19/133, 23/182

Notes Power calculation used to determine a sample size of 105 per group needed to detect 67% reduction in
the incidence of UTI with silver oxide catheter at 5% significance and 80% power

Johnson 1990 
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Specimen collection via catheter sampling port. Catheter care monitored, violations 56% silver group
and 54% in silicone
Trial conducted in USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Allocation by stocking supply carts on alternative weeks with intervention or
control catheters

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Although both catheters looked identical, it is unclear whether packages were
identifiable

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Unclear risk Not specified

Other bias High risk Bacteriuria was defined as UTI; Study was supported by Baxter Pharmaseal Di-
vision.

Johnson 1990  (Continued)

 
 

Methods RCT

Participants n = 40 men post-transurethral resection of the prostate
Mean length of catheterisation silicone group 3.5 days and 3.4 days in the standard catheter group

Interventions I (20) Siliconised catheters
II (20) Standard catheters (not defined)

Outcomes Adverse events: burning sensation in urethra: I 5/40, II 18/40; pus from urethra: I 7/40, II 18/40

Notes No power calculation

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Kalambheti 1965 
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Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Unclear

Kalambheti 1965  (Continued)

 
 

Methods Cross-over trial with stratified randomisation
Unit of randomisation: hospital ward or unit

Participants n = 27,878 men and women
Incl: catheterised
Excl: paediatrics, obstetrics, gynaecology and psychiatry

Interventions I (13945) Silver alloy hydrogel-coated latex Foley catheters
II (13933) Standard catheters (hydrogel-coated latex Foley)

Outcomes Bacteriuria or symptomatic/nonsymptomatic UTI as defined as >/= 1,000,000 cfu/mL
Infection rate per 1000 patient days: I 2.66, II 3.35
Infection rate per 100 patients: I 1.10, II 1.36
Infection rate per 100 catheters: I 2.13, II 3.12

Notes Power calculation estimated a sample size of 29,184 hospital admissions necessary to detect 25 rela-
tive reduction in the rate of infection per 100 patients with silver catheters at 5% significance and 80%
power
Data from first arm of trial not available. Mean length of catheterisation 9 days prior to infection
Catheter regimen or violations not reported
Duration of follow-up not reported
Trial conducted in USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Exact method not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Karchmer 2000 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Outcome definition (CDC) appropriate (low risk of bias)

Study and author were supported by C. R. Bard Inc (High risk of bias)

Karchmer 2000  (Continued)

 
 

Methods RCT

Participants n = 177 total (114 men and 63 women)
Incl: > 18 years of age, catheterised for more than 24 hours
Excl: Allergies, pregnancy, lactating, hospitalisation for more than 7 days, urinary diseases. Included
but later excluded if positive urine culture before catheterisation or catheter removed

Interventions I (92) Nitrofurazone-coated silicone
II (85) Silicone

Outcomes Bacteriuria as defined as 10,000 cfu/mL
I 14/92 II 19/85

Notes Prophylactic antibiotic use
Trial conducted in South Korea

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 

Unclear risk Not specified

Lee 2004 

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

40



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias High risk Outcome defined as UTI but was actually bacteriuria. Study was supported by
Pacific Pharmaceuticals

Lee 2004  (Continued)

 
 

Methods RCT

Participants n = 90 men and women requiring catheterisation for haemodynamic monitoring or postoperative
drainage
Mean age 59 yrs
Incl: > 18 yrs, catheterised > 5 days
Excl: antibiotics, bacteruria at catheterisation, postinvasive urological procedure
Length of catheterisation 6 days

Interventions I (30) Silver alloy catheters
II (30) Standard catheters (hydrogel-coated)
III (30) Standard catheters (non-coated)

Outcomes Bacteriuria as defined as 1,000,000 cfu/mL: I 3/30, II 10/30, III 15/30

Notes No power calculation. Specimen collection via catheter drainage bag
Catheter care regimen not monitored
Trial conducted in Sweden

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not specified and reported as "The patients
were randomised to receive either a silver alloy or hydrogel-coated Foley
catheter"

Allocation concealment
(selection bias)

Unclear risk Method of sequence generation not specified and reported as "The patients
were randomised to receive either a silver alloy or hydrogel-coated Foley
catheter"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 

Low risk No incomplete data

Liedberg 1990a 
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All outcomes

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Unclear

Liedberg 1990a  (Continued)

 
 

Methods RCT

Participants n = 120 women and men
Mean age 50
Incl: > 18 yrs,
Excl: Bacteriuria, antibiotics and invasive urological procedures prior to catheterisation, catheterised <
6 days
Length of catheterisation 5 days

Interventions I (60) Silver alloy catheters
II (60) Standard catheters (teflonised latex)

Outcomes Bacteriuria as defined as 1,000,000 cfu/mL: I 6/60, II 22/60

Notes No power calculation
Specimen collection via catheter sampling port
Catheter violations monitored, 7 in silver group and 11 in latex
Infecting organisms recorded
Trial conducted in Sweden

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not specified and reported as "The patients
were randomised to receive either a ..........."

Allocation concealment
(selection bias)

Unclear risk Method of sequence generation not specified and reported as "The patients
were randomised to receive either a ..........."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Unclear

Liedberg 1990b 
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Methods RCT

Participants n = 171 patients men and women
Incl: > 18 years of age, Abacteriuric, Not taking antibiotics, Not undergone invasive urinary tract proce-
dures, catheterisation for at least 21 days

Interventions I (75) Silver-coated Hydrogel II (96) Hydrogel-coated

Outcomes Bacteriuria as defined as 1,000,000 cfu/mL: at 7 days I 8/75 II 23/96; at 14 days I 26/75 II 56/96

Notes Published as abstract only
Trial conducted in USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Unclear risk Not specified

Other bias Unclear risk Outcome defined as bacteriuria (low risk), however other aspects of trial such
as ethical approval and ITT analysis are not specified

Liedberg 1993 

 
 

Methods RCT (blinding unclear)

Participants n = 102

Interventions I (51) silver-coated catheter
II (51) standard catheters

Outcomes Bacteriuria as defined as 100 cfu/mL: I 6/51, II 17/51

Lundeberg 1986 
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Notes No power calculation noted
Published as letter to the editor, unable to contact author for further information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Unclear risk Not specified

Other bias Unclear risk Bacteriuria measured and defined (low risk), however other aspects of trial
such as ethical approval and ITT analysis are not specified

Lundeberg 1986  (Continued)

 
 

Methods RCT

Participants n = 344 women and men
Patients from Trauma, surgical procedures or urinary incontinence
Incl: catheterised for at least 24 hours, >18 years of age, Catheter size: 16 Fr or 18 Fr 
Excl: Informed consent not obtained, pregnancy, allergies

Interventions I (170) Nitrofurazone-coated silicone
II (174) Standard silicone

Outcomes Bacteriuria as defined by greater than or equal to 10,000 cfu/mL:
I 8/170, II 14/174

Notes Unpublished report

Trial conducted in USA

Risk of bias

Bias Authors' judgement Support for judgement

Maki 1997 
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Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participant blinding: Low risk

Personnel blinding: High risk (person inserting catheter was aware of catheter
type)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Low risk Results reported consistent with study objectives

Other bias High risk Bacteriuria wrongly defined as UTI. This was a report prepared for the manu-
facturer

Maki 1997  (Continued)

 
 

Methods RCT

Participants n = 852 women and men

Interventions I (407) silver hydrogel-coated catheters
II (443 ) standard catheter

Outcomes UTI (definition not stated):
I 64/407, II 94/443

Notes Catheter specimens collected on insertion and then daily from the sampling port and collection bag
Study published as abstract only
Unable to contact trialists for further information on methods, participants and results

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk 'Double-blind' but no further information given

Maki 1998 

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

45



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not specified

Selective reporting (re-
porting bias)

Unclear risk Not specified

Other bias Unclear risk UTI definition not stated and other aspects of trial such as ethical approval
and ITT analysis are not specified. Baseline comparability was favourable

Maki 1998  (Continued)

 
 

Methods RCT

Participants n = 100 men postcardiac surgery
Age range (20 to 73), Mean 54
Incl: > 18 yrs, male
Excl: previous invasive urology procedure or surgery to lower urinary tract, Hx UTI, smaller calibre ure-
thra
Length of catheterisation 48 hours

Interventions I (50) Standard catheters (silicone)
II (50) Standard catheters (latex)

Outcomes Urethritis as defined as penile discomfortor urethral discharge, or both: I 1/50, II 11/50

Notes No power calculation
Study conducted in New Zealand

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Patients were randomised using a "table of random numbers"

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It is reported that the catheters were identical, however, it is not specifically
stated if the participants and personnel were blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk It is reported that the catheters were identical, however, it is not specifically
stated if the participants and personnel were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Nacey 1984 

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

46



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Conflict of interest of the authors not stated

Nacey 1984  (Continued)

 
 

Methods RCT

Participants n = 95 obstetric or urology men and women
Median age 54
Excl: catheter removed within 24 hrs

Interventions I (46) Standard catheters (silicone)
II (49) Standard catheters (latex)

Outcomes Bacteriuria as defined as 10,000,000 cfu/mL: I 3/46, II 3/49

Notes No power calculation
Specimen collection via catheter port and within 12 hours of catheter removal
Catheter regimen monitored no violations noted
Trial conducted in Canada

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not specified and reported as "randomly se-
lected obstetric and urologic patients......"

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not specified and reported as "randomly se-
lected obstetric and urologic patients......"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias High risk Rate of bacteriuria was not reported separately for each group and reported
for all the participants (Table II)

Nickel 1989 
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Methods RCT

Participants Adults undergoing urethral catheterisation of </= 14 days duration in hospitals

Interventions A (2097) = Silver alloy hydrogel-coated latex catheter;

B (2153) = Nitrofurazone-impregnated silicon catheter;

C (2144) = Polytetrafluoroethylene- (PTFE) coated latex catheter

Outcomes Symptomatic CAUTI; A 263/2097; B 228/2153; C 271/2144

Microbiologically confirmed symptomatic CAUTI: A 105/2097; B 69/2153; C 99/2144

Bacteruria (symptomatic and asymptomatic) at 3 days: A 310/1785; B 249/1846; C 321/1839

Asymptomatic bacteruria ?

Urethral discomfort with catheter: A 322/1829; B 496/1879; C 395/1889

Urethral discomfort on catheter removal: A 521/1817; B 707/1867; C 499/1881

Economic outcomes

Notes The Catheter Trial

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomisation using remote computer allocation"

Allocation concealment
(selection bias)

Low risk "Randomisation using remote computer allocation"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk "Particpants, clinicians and the trial team were not blinded to the allocated in-
tervention because of the distinctive appearances of each catheter..."

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Symptomatic UTI judged by symptoms and physician prescription; patient dis-
comfort (participants were unaware about the type of catheter)

Microbiological outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Low risk All outcomes reported as specified in the trial protocol

Other bias Unclear risk Protocol was changed in 2008 as advised by the Data Monitoring Committee in
light of higher than anticipated event rate of primary outcome (symptomatic
CAUTI)

Pickard 2012 
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Methods Randomised Clinical Trial

Participants n = 1309 men and women
Median age 59
Excl: catheterised < 24 hrs, bacteriuric day 1, thoracic surgery
Mean length of catheterisation 3.8 days
Range 1 to 47 days

Interventions A (745) Silver oxide-coated silicone catheters
B (564) Standard catheters (silicone latex)

Outcomes Bacteriuria as defined as > 1000 cfu/mL: I 85/745, II 73/564
Antibiotic treatment: A 43/602, B 48/477; Women: A 56/451, B 56/285; Men: A 29/294, B 17/279

Notes Power calculation used to determine a sample size of 686 per group needed to detect 33% reduction in
the incidence of bacteriuria with silver oxide catheter at 5% significance and 80% power
Specimen collection via catheter port via needle aspiration
Significantly more women in the silver group. 166 catheter care violations recorded 96 in intervention
group and 70 in control
Trial conducted in the USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk "Patients were randomly assigned (by month of initial catheter insertion) to re-
ceive either a ........."

Allocation concealment
(selection bias)

High risk "Patients were randomly assigned (by month of initial catheter insertion) to re-
ceive either a ........."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias High risk "... the sex distribution was uneven, with both a greater number and propor-
tion of women in the silver oxide group"

Riley 1995 

 
 

Methods RCT

Participants n = 212 men and women all trauma patients. Median age (I) 41 (II) 43
Duration of catheterisation < 7days (151), > 7days (41), >14days (15)

Stensballe 2007 
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Incl: > 18 years of age, admitted directly to trauma centre from accident
Excl: HIV infection, preinjury corticosteroid treatment, pregnancy, primary burn injury, unattainable
signed consent form

Interventions I (104) Nitrofurazone-coated catheter
II (102) Standard silicone catheter

Outcomes Catheter-associated bacteriuria and funguria (CABF) as defined as >10000 cfu/mL: I (9/104), II (25/102).

Notes ITT Analysis
Withdrawals: 5. 2 due to pregnancy, 2 < 18 years of age, 1 unable to attain informed consent
Prophylactic antibiotics were given according to size and type of injury
Catheter specimens were taken immediately after insertion and then daily until catheter removal
Trial conducted in Denmark

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk “The randomisation list was computer-generated, with a block size of 8 (Med-
stat, version 2.1; ASTRA Group A/S, Albertslund, Denmark), by a biostatistician
who was independent of the investigators”

Allocation concealment
(selection bias)

Low risk "Two nurses from a team of nurses specially trained in the allocation and
catheterization procedure performed the allocation by sequentially opening
consecutively numbered, sealed randomisation envelopes that contained the
name of the assigned catheter"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "Catheterizing nurses were not formally blinded to catheter type, but both
study catheters were new in the hospital. Thus, nurses caring for the patients
did not know which of the new catheters was the nitrofurazone catheter. Pa-
tients were effectively blinded to their catheter assignment ......”

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The main outcome was infection and the microbiologist was blinded "The mi-
crobiologist evaluating the
urine cultures was blinded to the type of catheter used"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Incomplete data accounted for

Selective reporting (re-
porting bias)

Unclear risk Protocol is not available

Other bias Unclear risk Unclear

Stensballe 2007  (Continued)

 
 

Methods RCT

Participants n = 509, I = 254, II = 255. Men and women

Mean age 67.2 (I: 67.6. II: 66.7)

Incl: Adult patients undergoing elective orthopaedic surgery

Stenzelius 2011 
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Excl: recent (within 3 weeks) Hx of catheterisation / UTI, previous radiation over lower pelvis, latex al-
lergy, cognitive impairment, difficulties understanding Swedish language

Median catheterisation (days): 2 (range 0 to 16)

Interventions I: Noble metal alloy-coated latex catheter. II: Standard silicone Foley catheter

Outcomes Incidence of bacteriuria (positive urinary culture => 100,000 cfu/mL). Indentification of patient charac-
teristics that are risk factors for bacteriuria. To study urinary symptoms during and after catheterisa-
tion period

Notes 1st urine sample taken on day of operation. 2nd sample before catheter removal. Follow up interview
regarding urinary symptoms at 7 to 10 days

Size 12 Ch catheters used in both groups

'Oral cloxacillin given preoperatively to 93% of the patients....no differences between catheter groups
(P = 0.96)

30% open drainage system, 70% closed drainage system

Per-protocol analysis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Closed envelope randomisation

Allocation concealment
(selection bias)

Unclear risk '...patients were randomly assigned...envelopes were then kept in the patient's
journals until the time of catheterization'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Patient blinding unclear risk: 'patients blinded'. Unclear of method

Personnel blinding high risk: Differences in catheter appearance - blinding not
possible

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Nurses (who performed follow-up telephone calls) and microbiologist blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All incomplete data accounted for

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Unclear

Stenzelius 2011  (Continued)

 
 

Methods RCT

Participants n = 37 men and women
Duration of follow up: 9 days

Takeuchi 1993 
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Interventions I (26) Silver protein- (oxide) coated catheters
II (11) Standard latex Foley catheters

Outcomes Bacteriuria as defined as 1.000,000 cfu/mL, < 1 week: I 2/26, 2/11; > 1 week: 26/26, 11/11
Adverse effect: pain associated with catheterisation: I 9/23, II 3/11; urethral discharge: I 6/23, II 4/11; al-
lergic reaction: I 0/26, II 0/11

Notes No power calculation
Methods for observing for adverse effects not described
Trial conducted in Japan

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not specified but unlikely

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The extent of missing data not described

Selective reporting (re-
porting bias)

Low risk All reported outcomes are listed in methods section

Other bias Unclear risk Participant age was the only baseline data given

Takeuchi 1993  (Continued)

 
 

Methods RCT

Participants n = 77 men
Mean age 58.7
Incl: major surgery, ICU, acute myocardial infarction, vascular surgery to lower extremities
Length of catheterisation mean 2.2 days, range 1 to 4 days

Interventions I (22) Standard catheter (Hydrogel-coated latex)
II (28) Standard catheter (Full silicone)
III (27) Standard catheter (Siliconised latex)

Outcomes Urethral inflammatory reaction measured by scanning electron microscopic (SEM): Mean change I 36, II
36, III 20; standard deviation I 6.1, II 6.5, III 4.0

Notes No power calculation

Talja 1990 
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Primary investigator contacted for clarification of methods
Method of specimen collection penile swabs prior to catheterisation and directly postcatheterisation
and 2 to 3 days after
Trial conducted in Finland

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Reported as ".......catheterised randomly........" no further details provided

Allocation concealment
(selection bias)

Unclear risk Reported as ".......catheterised randomly........" no further details provided

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Conflict of interest of the authors not stated

Talja 1990  (Continued)

 
 

Methods RCT

Participants n = 199 men and women
Mean age 60
Incl: requiring catheter for at least 3 days, hospitalised at least 10 days
Excl: UTI or inflammation of the perineum/penis prior to catheterisation, allergy to silver/hydrogel,
catheterised 48 hrs prior to inclusion, antibiotic therapy for UTI, urinary tract intervention (prostate or
bladder)

Interventions I (90) Silver alloy hydrogel-coated catheters
II (109) Standard catheters (full silicone)

Outcomes UTI as defined as >1,000,000 cfu bacteria per mL % > 10 leucocytes per mm3: < 1 week: I 7/90, II 10/109;
> 1 week : I 9/90, II 13/109

Notes Power calculation used to determine a sample size of 90 per group needed to detect 50% reduction in
the incidence of bacteriuria with silver alloy hydrogel catheter at 5% significance and 90% power
Method of urine specimen dipsticks, urine collected from a dedicated opening in the drainage system
that did not require disconnection
Catheter care regimen or violations not described
Antibiotic treatment at time of catheterisation recorded

Thibon 2000 
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Trial conducted in France

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "A computer-generated randomisation list was used to allocate the type of
catheter to each patient in the study"

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "The trial was double-blind: neither the patient not the medical staL knew
what type of catheter was used; the packing of each type of catheter was the
same.........."

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk 75/274 participants were excluded. Reasons were provided for some but not
all "Seventy-five were excluded..............."

Thibon 2000  (Continued)

 
 

Methods RCT

Participants n = 54 men urology patients
Age range 22 to 87, Mean 65
Incl: catheterised at least 72 hrs
Excl: trauma during catheterisation, UTI on admission, antibiotics prior to admission

Interventions I (17) Standard catheters (Hydron-coated latex catheters)
II (17) Standard catheters (PVC balloon)
III (16) Standard catheters (Plain latex)

Outcomes Bacteriuria as defined as 10,000 cfu per mL: I 13/17, II 15/17, III 13/16

Notes Flawed randomisation in some cases
No power calculation
Between 79% and 81% of participants received antibiotics
Catheter care regimen not described or monitored
Trial conducted in the UK

Risk of bias

Bias Authors' judgement Support for judgement

Tidd 1976 
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Random sequence genera-
tion (selection bias)

High risk Sealed envelope method. Randomisation not preserved however, as 'in the
event of a subsequent need to withdraw a subject because of urinary infection
on admission, the next suitable subject was allocated to the same catheter
type to maintain the balance of the experiment'

Allocation concealment
(selection bias)

Unclear risk Opacity of envelopes not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk 'Differences in catheter appearance made an open evaluation inevitable'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk 'Differences in catheter appearance made an open evaluation inevitable'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 50 of the 54 participants randomised were assessed. Reasons for non-analysis
were given

Selective reporting (re-
porting bias)

Unclear risk Not specified

Other bias High risk Bacteruria was defined as a UTI

Tidd 1976  (Continued)

 
 

Methods RCT

Participants n = 27 men postradical prostatectomy patients
Excl: antibiotic therapy, violation of closed drainage system, early hospital discharge

Interventions I (12) Silver alloy hydrogel catheters
II (15)Standard catheters (Silicone)

Outcomes Bacteriuria as defined as 1,000,000 cfu/mL at 2 weeks: I 6/12, II 8/15

Notes No power calculation
Specimen collection via suprapubic puncture
Catheter care standardised and monitored (exclusion criteria)
Trial conducted in Belgium

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk "Randomization was done by changing the catheter type available in the oper-
ating theatre on a weekly basis"

Allocation concealment
(selection bias)

High risk "Randomization was done by changing the catheter type available in the oper-
ating theatre on a weekly basis"

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk Not specified

Verleyen 1999a 
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Unclear

Verleyen 1999a  (Continued)

 
 

Methods RCT

Participants n = 206 men and women
Incl: urological surgery
Excl: Bacteriuric at catheterisation, antibiotic therapy, gross haematuria

Interventions I (79) Silver alloy hydrogel catheters
II (101)Standard catheters (Latex)

Outcomes Bacteriuria as defined as 1,000,000 cfu/mL < 1 week: I 8/79, II 31/101; 2 weeks: I 28/79, II 60/101

Notes No power calculation
Specimen collection via suprapubic puncture
Catheter care standardised and monitored (exclusion criteria)
Trail conducted in Belgium

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk "Randomization was done by changing the catheter type available in the oper-
ating theatre on a weekly basis"

Allocation concealment
(selection bias)

High risk "Randomization was done by changing the catheter type available in the oper-
ating theatre on a weekly basis"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not specified

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not specified

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No incomplete data

Verleyen 1999b 
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Selective reporting (re-
porting bias)

Unclear risk Protocol not available

Other bias Unclear risk Unclear

Verleyen 1999b  (Continued)

CAUTI - catheter-associated urinary tract infection
cfu - colony forming units per mL
Excl - exclusion criteria
Fr- French scale
hrs - hours
ICU - intensive care unit
Incl - inclusion criteria
ITT - intention to treat
RCT - randomised controlled trial
UTI - urinary tract infection
yrs - years
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Andersson 1986 Randomised controlled trial
Intervention: Instillation of enzyme into the bladder (not a catheter)
Long-term catheterisation (not temporary)

Bach 1990 Intervention not relevant (irrigation of catheters with different solution)

Bologna 1999 Cross-over study with no randomisation to first group (direct blind replacement)
Length of catheterisation not defined

Britt 1977 Type of intervention systemic antibiotics (not a catheter)

Cleland 1971 Intervention catheter care (not type of catheter)

Day 2003 Need for long-term catheterisation using intermittent self catheterisation

Domurath 2011 Intervention not relevant (All patients had intermittent self catheterisation)

Erickson 2008 Duration of catheterisation was more than 14 days for all patients

Ghoreishi 2003 Comparator arm not relevant (catheter versus no catheter)

Grocela 2010 Outcomes not relevant (mucosal changes)

Hakvoort 2011 Comparator not relevant (catheter versus intermittent self catheterisation)

Hart 1981 Duration of catheterisation not reported

Catheter size not standardised across trial arms

Primary outcome measure is stricture rates

Lee 1996 Audit (not randomised controlled trial)

Leone 2003 Intervention not relevant (comparison of drainage system)
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Study Reason for exclusion

Leone 2007 Majority of the patients had catheter beyond 14 days

Leriche 2006 Intervention not relevant (all patients had intermittent self catheterisation)

Litherland 2007 Intervention not relevant (all patients had intermittent self catheterisation)

Nakada 1996 Length of catheterisation long-term (not temporary)

Newton 2002 Not randomised controlled trial
Participants admitted catheterised

Pachler 1998 Cross-over study with no randomisation to first group (direct blind replacement)
Intermittent catheterisation (not indwelling)

Ratahi 2005 Comparator arm not relevant (catheter versus no catheter)

Rigini 2006 Comparator arm not relevant (catheter versus intermittent self catheterisation)

Sallami 2011 Intervention not relevant (all patients had intermittent self catheterisation)

Schaeffer 1988 Length of catheterisation long-term (not temporary). Co-intervention instillation of antibiotics into
the catheter bag

Shafik 1993 Type of intervention electrified catheter (not impregnated)

Sun 2008 Participants had neurological conditions and required long-term catheterisation

Teare 1992 Type of intervention silver cartridges or placebo cartridges inserted between the catheter and
drainage bag at the time of catheterisation (not type of catheter)

Witjes 2008 Intervention not relevant (all patients had intermittent self catheterisation)

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Study of a Urethral Catheter Coated With Eluting Silver Salts (SUCCESS)

Methods RCT

Participants Age: 18 Years and older

Interventions Experimental group:Silver-coated catheter

Comparator group: Silicone-coated catheter

Outcomes Primary Outcome Measures:

• Time to Occurrence of Bacteriuric Urinary Tract Infection (bUTI) in Subjects Catheterized for >= 48
Hours [Time Frame: >=48 hours to 10 days]

Secondary Outcome Measures:

• Percentage of Participants With a bUTI After Catheterization for >= 48 Hours [Time Frame: >=48
hours to 10 days]

NCT00482547 2007 
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• Time to Occurence of Symptomatic Urinary Tract Infection (sUTI) in Subjects Catheterized for >=
48 Hours [Time Frame: >= 48 hours to 10 days]

• Time to Occurence of bUTI in Subjects Catheterized for >= 24 Hours [Time Frame: >= 24 hours to
10 days]

• Time to Occurance of sUTI in Subjects Catheterized for >= 24 Hours [Time Frame: >= 24 hours to
10 days]

• Number of Participants With Bacteriuria at a Concentration of ≥ 10e3 < 10e5 CFU/mL [Time Frame:
10 days]

Starting date June 2007

Contact information Principal Investigator: Mark Rupp, MD

Henry Ford Hospital,

Detroit, Michigan, United States, 48202

Notes  

NCT00482547 2007  (Continued)

 
 

Trial name or title A Randomized Trial for the Safety and Effectiveness of a Novel Antimicrobial-Coated Foley Catheter
Attached to an Antimicrobial Anti-Reflux Device for Reduction of Catheter-Associated Urinary Tract
Infection

Methods RCT

Participants Age: 18 Years and older

Participants will be expected to be catheterized with 14 or 16 French Foley catheters for at least 72
hours.

Interventions Experimental group: Silver-based antimicrobial coated Foley catheter connected to an antimicro-
bial anti-reflux accessory

Comparator group: Foley Catheter

Outcomes Primary Outcome Measures:

• Number of participants with Catheter Associated Urinary Tract Infection (CAUTI)

• The Proportion of Subjects With at Least One CAUTI

Secondary Outcome Measures:

• The Proportion of Subjects With Symptomatic Urinary Tract Infection (SUTI)

• The Proportion of Subjects With Asymptomatic Bacteremic Urinary Tract Infection (ABUTI)

Starting date May 2012

Contact information Principal Investigator: Susan E Kline, MD

University of Minnesota Fairview medical center

Minneapolis,, Minnesota, United States, 55455

Notes Estimated Enrollment:100

NCT01681511 2012 
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Trial name or title Efficacy of Micro-Patterned Foley Catheter to Reduce Catheter-Associated Urinary Tract Infection

Methods RCT

Participants Age: 21 Years and older

Patients who require a Foley catheter for drainage of their urinary bladder

Interventions Experimental group: Micro-Patterned Foley Catheter

Comparator group: Standard-of-Care Foley Catheter

Outcomes Primary Outcome Measures:

• Delay Onset of Catheter Associated Symptomatic Urinary Tract Infection [Time Frame: 15 Days]

Patients will be assessed daily for the occurrence of signs and symptoms of urinary tract infec-
tion. A single, independent evaluator (PI/co-investigator) will determine whether the subject has a
catheter associated urinary tract infection based on pre-defined criteria that involve symptom re-
ports and lab values without knowledge of or access to the catheter type randomly assigned to the
patient.

Secondary Outcome Measures:

• Time to occurrence of asymptomatic bacteruria or funguria [Time Frame: 15 days]

Urine cultures will be obtained every third day to assess for the presence of microbial growth.

• Assess the microbial coverage and biofilm formation on catheter surface [Time Frame: Day 15 or
upon removal of Foley Catheter]

• Catheters will be cultured by Roll-plate method for microbial growth. Catheters removed at the
Houston site will also be evaluated by scanning electron microscopy to determine microbial cov-
erage and biofilm formation.

• Device Specific Adverse Event Assessments [Time Frame: 15 Days]

Patient will be assessed daily for signs and symptoms of infection. Catheter placement and paten-
cy will be confirmed. Insertion site will be evaluated for signs of inflammation and or trauma.

Starting date September 2014

Contact information James A. Haley Veterans' Hospital

Tampa, Florida, United States, 33612

Contact: Brittany Durant, RN 813-972-2000 ext 1014 Brittany.Durant@va.gov

Contact: Theresa Schwartz, RN, MSN 8139722000 ext 7219 Theresa.schwartz1@va.gov

Michael E. DeBakey Veterans Affairs Medical Center

Houston, Texas, United States, 77030

Contact: Colleen A Cerra-Stewart, RN, MN 713-794-7127 Colleen.Cerra-Stewart@va.gov

Contact: Debra Duncan, RN 7137911414 ext 26845 Debra.Duncan4@va.gov

Notes Estimated Enrollment:300

NCT02198833 2014 
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Antiseptic-coated catheter versus standard catheter

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Symptomatic CAUTI: using non-mi-
crobiological-based definition

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

1.1 Silver alloy versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

2 Symptomatic CAUTI: using microbio-
logical-based definition

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

2.1 Silver alloy versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

3 Number with bacteriuria 12   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

3.1 Silver oxide versus standard 3 1828 Risk Ratio (M-H, Fixed, 95%
CI)

0.90 [0.72, 1.13]

3.2 Silver alloy versus standard 8 5336 Risk Ratio (M-H, Fixed, 95%
CI)

0.82 [0.73, 0.92]

3.3 Noble metal alloy versus standard 1 401 Risk Ratio (M-H, Fixed, 95%
CI)

0.25 [0.07, 0.86]

4 Number with bacteruria (< 1 week) 10   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

4.1 Silver oxide versus standard 3 1828 Risk Ratio (M-H, Fixed, 95%
CI)

0.90 [0.72, 1.13]

4.2 Silver alloy versus standard 7 1712 Risk Ratio (M-H, Fixed, 95%
CI)

0.54 [0.43, 0.67]

5 Number with bacteriuria (>1 week) 4 577 Risk Ratio (M-H, Fixed, 95%
CI)

0.64 [0.51, 0.80]

5.1 Silver alloy versus latex 2 351 Risk Ratio (M-H, Fixed, 95%
CI)

0.60 [0.47, 0.76]

5.2 Silver alloy versus silicone 2 226 Risk Ratio (M-H, Fixed, 95%
CI)

0.88 [0.50, 1.55]

6 Cross-over trial     Other data No numeric data

6.1 Bacteriuria rate per 1000 patient
days

    Other data No numeric data

6.2 Bacteriuria rate per 100 patients     Other data No numeric data

6.3 Bacteriuria rate per 100 catheters     Other data No numeric data
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7 Patient discomfort whilst catheter is
in situ

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

7.1 Silver alloy versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

8 Number with pain on catheter re-
moval

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

8.1 Silver alloy versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

9 Number with urethral secretions 1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

9.1 Silver oxide versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

10 Number with pain with catheter in
place

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

10.1 Silver oxide versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

11 Number with urinary symptoms (7 -
10 days post-catheterisation)

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

11.1 Noble metal alloy versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

12 Number with bacteriuria - subgroup
analysis for silver oxide catheters

3   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

12.1 All participants: silver oxide versus
standard

3 1828 Risk Ratio (M-H, Fixed, 95%
CI)

0.90 [0.72, 1.13]

12.2 All women 1 736 Risk Ratio (M-H, Fixed, 95%
CI)

0.63 [0.45, 0.89]

12.3 All men 1 573 Risk Ratio (M-H, Fixed, 95%
CI)

1.62 [0.91, 2.88]

12.4 All participants receiving systemic
antibiotics

1 1049 Risk Ratio (M-H, Fixed, 95%
CI)

0.67 [0.45, 0.99]

12.5 All women receiving systemic an-
tibiotics

1 575 Risk Ratio (M-H, Fixed, 95%
CI)

0.50 [0.31, 0.79]

12.6 All men receiving systemic antibi-
otics

1 474 Risk Ratio (M-H, Fixed, 95%
CI)

1.02 [0.49, 2.13]
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Analysis 1.1.   Comparison 1 Antiseptic-coated catheter versus standard catheter,
Outcome 1 Symptomatic CAUTI: using non-microbiological-based definition.

Study or subgroup Antiseptic Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 Silver alloy versus standard  

Pickard 2012 263/2097 271/2144 0.99[0.85,1.16]

favours antiseptic 20.5 1.50.7 1 favours standard

 
 

Analysis 1.2.   Comparison 1 Antiseptic-coated catheter versus standard catheter,
Outcome 2 Symptomatic CAUTI: using microbiological-based definition.

Study or subgroup Antiseptic Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.2.1 Silver alloy versus standard  

Pickard 2012 105/2097 99/2144 1.08[0.83,1.42]

favours antiseptic 20.5 1.50.7 1 favours standard

 
 

Analysis 1.3.   Comparison 1 Antiseptic-coated catheter versus
standard catheter, Outcome 3 Number with bacteriuria.

Study or subgroup Antiseptic Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.3.1 Silver oxide versus standard  

Johnson 1990 19/207 28/275 19.54% 0.9[0.52,1.57]

Riley 1995 85/745 73/564 67.52% 0.88[0.66,1.18]

Takeuchi 1993 26/26 11/11 12.94% 1[0.88,1.14]

Subtotal (95% CI) 978 850 100% 0.9[0.72,1.13]

Total events: 130 (Antiseptic), 112 (Standard)  

Heterogeneity: Tau2=0; Chi2=2.55, df=2(P=0.28); I2=21.56%  

Test for overall effect: Z=0.91(P=0.36)  

   

1.3.2 Silver alloy versus standard  

Liedberg 1990a 3/30 25/60 3.22% 0.24[0.08,0.73]

Liedberg 1990b 6/60 22/60 4.24% 0.27[0.12,0.62]

Liedberg 1993 8/75 23/96 3.89% 0.45[0.21,0.94]

Lundeberg 1986 6/51 17/51 3.28% 0.35[0.15,0.82]

Maki 1998 64/407 94/443 17.37% 0.74[0.56,0.99]

Pickard 2012 310/1785 321/1839 61.01% 0.99[0.86,1.15]

Thibon 2000 7/90 10/109 1.75% 0.85[0.34,2.14]

Verleyen 1999b 8/79 31/101 5.25% 0.33[0.16,0.68]

Subtotal (95% CI) 2577 2759 100% 0.82[0.73,0.92]

Total events: 412 (Antiseptic), 543 (Standard)  

Heterogeneity: Tau2=0; Chi2=31.69, df=7(P<0.0001); I2=77.91%  

Test for overall effect: Z=3.39(P=0)  

   

1.3.3 Noble metal alloy versus standard  

Stenzelius 2011 3/202 12/199 100% 0.25[0.07,0.86]

Subtotal (95% CI) 202 199 100% 0.25[0.07,0.86]

favours antiseptic 100.1 50.2 20.5 1 favours standard

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

63



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Antiseptic Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 3 (Antiseptic), 12 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.2(P=0.03)  

favours antiseptic 100.1 50.2 20.5 1 favours standard

 
 

Analysis 1.4.   Comparison 1 Antiseptic-coated catheter versus
standard catheter, Outcome 4 Number with bacteruria (< 1 week).

Study or subgroup Antiseptic Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.4.1 Silver oxide versus standard  

Johnson 1990 19/207 28/275 19.54% 0.9[0.52,1.57]

Riley 1995 85/745 73/564 67.52% 0.88[0.66,1.18]

Takeuchi 1993 26/26 11/11 12.94% 1[0.88,1.14]

Subtotal (95% CI) 978 850 100% 0.9[0.72,1.13]

Total events: 130 (Antiseptic), 112 (Standard)  

Heterogeneity: Tau2=0; Chi2=2.55, df=2(P=0.28); I2=21.56%  

Test for overall effect: Z=0.91(P=0.36)  

   

1.4.2 Silver alloy versus standard  

Liedberg 1990a 3/30 25/60 8.25% 0.24[0.08,0.73]

Liedberg 1990b 6/60 22/60 10.88% 0.27[0.12,0.62]

Liedberg 1993 8/75 23/96 9.98% 0.45[0.21,0.94]

Lundeberg 1986 6/51 17/51 8.41% 0.35[0.15,0.82]

Maki 1998 64/407 94/443 44.54% 0.74[0.56,0.99]

Thibon 2000 7/90 10/109 4.48% 0.85[0.34,2.14]

Verleyen 1999b 8/79 31/101 13.46% 0.33[0.16,0.68]

Subtotal (95% CI) 792 920 100% 0.54[0.43,0.67]

Total events: 102 (Antiseptic), 222 (Standard)  

Heterogeneity: Tau2=0; Chi2=13.29, df=6(P=0.04); I2=54.85%  

Test for overall effect: Z=5.64(P<0.0001)  

Test for subgroup differences: Chi2=10.65, df=1 (P=0), I2=90.61%  

favours antiseptic 1000.01 100.1 1 favours standard

 
 

Analysis 1.5.   Comparison 1 Antiseptic-coated catheter versus
standard catheter, Outcome 5 Number with bacteriuria (>1 week).

Study or subgroup Antiseptic Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.5.1 Silver alloy versus latex  

Liedberg 1993 26/75 56/96 40.71% 0.59[0.42,0.85]

Verleyen 1999b 28/79 60/101 43.65% 0.6[0.43,0.84]

Subtotal (95% CI) 154 197 84.36% 0.6[0.47,0.76]

Total events: 54 (Antiseptic), 116 (Standard)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=4.15(P<0.0001)  

   

favours antiseptic 20.5 1.50.7 1 favours standard
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Study or subgroup Antiseptic Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.5.2 Silver alloy versus silicone  

Thibon 2000 9/90 13/109 9.75% 0.84[0.38,1.87]

Verleyen 1999a 6/12 8/15 5.89% 0.94[0.45,1.96]

Subtotal (95% CI) 102 124 15.64% 0.88[0.5,1.55]

Total events: 15 (Antiseptic), 21 (Standard)  

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.83); I2=0%  

Test for overall effect: Z=0.46(P=0.65)  

   

Total (95% CI) 256 321 100% 0.64[0.51,0.8]

Total events: 69 (Antiseptic), 137 (Standard)  

Heterogeneity: Tau2=0; Chi2=1.8, df=3(P=0.62); I2=0%  

Test for overall effect: Z=3.9(P<0.0001)  

Test for subgroup differences: Chi2=1.5, df=1 (P=0.22), I2=33.15%  

favours antiseptic 20.5 1.50.7 1 favours standard

 
 

Analysis 1.6.   Comparison 1 Antiseptic-coated catheter versus standard catheter, Outcome 6 Cross-over trial.

Cross-over trial

Study Silver Standard Risk Ratio

Bacteriuria rate per 1000 patient days

Karchmer 2000 2.66 3.35 0.79, 95% CI 0.63 to 0.99

Bacteriuria rate per 100 patients

Karchmer 2000 1.10 1.36 0.81, 95% CI 0.65 to 1.01

Bacteriuria rate per 100 catheters

Karchmer 2000 2.13 3.12 0.68, 95% CI 0.54 to 0.86

 
 

Analysis 1.7.   Comparison 1 Antiseptic-coated catheter versus standard
catheter, Outcome 7 Patient discomfort whilst catheter is in situ.

Study or subgroup Antiseptic Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.7.1 Silver alloy versus standard  

Pickard 2012 322/1829 396/1889 0.84[0.74,0.96]

favours antiseptic 100.1 50.2 20.5 1 favours standard

 
 

Analysis 1.8.   Comparison 1 Antiseptic-coated catheter versus
standard catheter, Outcome 8 Number with pain on catheter removal.

Study or subgroup Antiseptic Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.8.1 Silver alloy versus standard  

Pickard 2012 521/1817 499/1881 1.08[0.97,1.2]

favours antiseptic 100.1 50.2 20.5 1 favours standard
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Analysis 1.9.   Comparison 1 Antiseptic-coated catheter versus
standard catheter, Outcome 9 Number with urethral secretions.

Study or subgroup Antiseptic Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.9.1 Silver oxide versus standard  

Takeuchi 1993 6/23 4/11 0.72[0.25,2.03]

favours antiseptic 100.1 50.2 20.5 1 favours standard

 
 

Analysis 1.10.   Comparison 1 Antiseptic-coated catheter versus
standard catheter, Outcome 10 Number with pain with catheter in place.

Study or subgroup Antiseptic Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.10.1 Silver oxide versus standard  

Takeuchi 1993 9/23 3/18 2.35[0.74,7.43]

favours antiseptic 100.1 50.2 20.5 1 favours standard

 
 

Analysis 1.11.   Comparison 1 Antiseptic-coated catheter versus standard catheter,
Outcome 11 Number with urinary symptoms (7 - 10 days post-catheterisation).

Study or subgroup Antiseptic Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.11.1 Noble metal alloy versus standard  

Stenzelius 2011 45/202 46/199 0.96[0.67,1.38]

favours antiseptic 20.5 1.50.7 1 favours standard

 
 

Analysis 1.12.   Comparison 1 Antiseptic-coated catheter versus standard catheter,
Outcome 12 Number with bacteriuria - subgroup analysis for silver oxide catheters.

Study or subgroup Antiseptic Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.12.1 All participants: silver oxide versus standard  

Johnson 1990 19/207 28/275 19.54% 0.9[0.52,1.57]

Riley 1995 85/745 73/564 67.52% 0.88[0.66,1.18]

Takeuchi 1993 26/26 11/11 12.94% 1[0.88,1.14]

Subtotal (95% CI) 978 850 100% 0.9[0.72,1.13]

Total events: 130 (Antiseptic), 112 (Standard)  

Heterogeneity: Tau2=0; Chi2=2.55, df=2(P=0.28); I2=21.56%  

Test for overall effect: Z=0.91(P=0.36)  

   

1.12.2 All women  

Riley 1995 56/451 56/285 100% 0.63[0.45,0.89]

Subtotal (95% CI) 451 285 100% 0.63[0.45,0.89]

Total events: 56 (Antiseptic), 56 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.65(P=0.01)  

favours antiseptic 100.1 50.2 20.5 1 favours standard
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Study or subgroup Antiseptic Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

1.12.3 All men  

Riley 1995 29/294 17/279 100% 1.62[0.91,2.88]

Subtotal (95% CI) 294 279 100% 1.62[0.91,2.88]

Total events: 29 (Antiseptic), 17 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.64(P=0.1)  

   

1.12.4 All participants receiving systemic antibiotics  

Riley 1995 43/602 48/447 100% 0.67[0.45,0.99]

Subtotal (95% CI) 602 447 100% 0.67[0.45,0.99]

Total events: 43 (Antiseptic), 48 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.03(P=0.04)  

   

1.12.5 All women receiving systemic antibiotics  

Riley 1995 29/359 35/216 100% 0.5[0.31,0.79]

Subtotal (95% CI) 359 216 100% 0.5[0.31,0.79]

Total events: 29 (Antiseptic), 35 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.95(P=0)  

   

1.12.6 All men receiving systemic antibiotics  

Riley 1995 14/243 13/231 100% 1.02[0.49,2.13]

Subtotal (95% CI) 243 231 100% 1.02[0.49,2.13]

Total events: 14 (Antiseptic), 13 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.06(P=0.95)  

favours antiseptic 100.1 50.2 20.5 1 favours standard

 
 

Comparison 2.   Antimicrobial-impregnated catheter versus standard catheter

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Symptomatic CAUTI: using non-mi-
crobiological-based definition

2   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

1.1 Nitrofurazone versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

1.2 Minocycline and rifampicin versus
standard

1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

2 Symptomatic CAUTI: using microbi-
ological-based definition

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

2.1 Nitrofurazone versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Number with bacteriuria (< 1 week) 5   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

3.1 Nitrofurazone versus standard 4 4412 Risk Ratio (M-H, Fixed, 95%
CI)

0.73 [0.64, 0.85]

3.2 Minocycline and rifampicin versus
standard

1 124 Risk Ratio (M-H, Fixed, 95%
CI)

0.36 [0.18, 0.73]

4 Number with bacteriuria (> 1 week) 2 224 Risk Ratio (M-H, Fixed, 95%
CI)

0.85 [0.76, 0.96]

4.1 Nitrofurazone versus standard 1 100 Risk Ratio (M-H, Fixed, 95%
CI)

0.08 [0.00, 1.33]

4.2 Minocycline and rifampicin versus
standard

1 124 Risk Ratio (M-H, Fixed, 95%
CI)

0.94 [0.86, 1.03]

5 Number with pain with catheter in
place

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

5.1 Nitrofurazone versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

6 Number with pain on catheter re-
moval

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

6.1 Nitrofurazone versus standard 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

 
 

Analysis 2.1.   Comparison 2 Antimicrobial-impregnated catheter versus standard
catheter, Outcome 1 Symptomatic CAUTI: using non-microbiological-based definition.

Study or subgroup Antimicrobial Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.1.1 Nitrofurazone versus standard  

Pickard 2012 228/2153 271/2144 0.84[0.71,0.99]

   

2.1.2 Minocycline and rifampicin versus standard  

Darouiche 1999 1/56 6/68 0.2[0.03,1.63]

favours antimicrobial 1000.01 100.1 1 favours standard

 
 

Analysis 2.2.   Comparison 2 Antimicrobial-impregnated catheter versus standard
catheter, Outcome 2 Symptomatic CAUTI: using microbiological-based definition.

Study or subgroup Antimicrobial Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.2.1 Nitrofurazone versus standard  

favours antimicrobial 20.5 1.50.7 1 favours standard
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Study or subgroup Antimicrobial Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Pickard 2012 69/2153 99/2144 0.69[0.51,0.94]

favours antimicrobial 20.5 1.50.7 1 favours standard

 
 

Analysis 2.3.   Comparison 2 Antimicrobial-impregnated catheter versus
standard catheter, Outcome 3 Number with bacteriuria (< 1 week).

Study or subgroup Antimicrobial Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 Nitrofurazone versus standard  

Lee 2004 14/92 19/85 5.19% 0.68[0.36,1.27]

Maki 1997 8/170 14/174 3.64% 0.58[0.25,1.36]

Pickard 2012 249/1846 321/1839 84.54% 0.77[0.66,0.9]

Stensballe 2007 9/104 25/102 6.64% 0.35[0.17,0.72]

Subtotal (95% CI) 2212 2200 100% 0.73[0.64,0.85]

Total events: 280 (Antimicrobial), 379 (Standard)  

Heterogeneity: Tau2=0; Chi2=4.84, df=3(P=0.18); I2=38.04%  

Test for overall effect: Z=4.27(P<0.0001)  

   

2.3.2 Minocycline and rifampicin versus standard  

Darouiche 1999 8/56 27/68 100% 0.36[0.18,0.73]

Subtotal (95% CI) 56 68 100% 0.36[0.18,0.73]

Total events: 8 (Antimicrobial), 27 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=3.76, df=1 (P=0.05), I2=73.42%  

favours antimicrobial 100.1 50.2 20.5 1 favours standard

 
 

Analysis 2.4.   Comparison 2 Antimicrobial-impregnated catheter versus
standard catheter, Outcome 4 Number with bacteriuria (> 1 week).

Study or subgroup Antimicrobial Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.4.1 Nitrofurazone versus standard  

Al Habdan 2003 0/50 6/50 9.83% 0.08[0,1.33]

Subtotal (95% CI) 50 50 9.83% 0.08[0,1.33]

Total events: 0 (Antimicrobial), 6 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.76(P=0.08)  

   

2.4.2 Minocycline and rifampicin versus standard  

Darouiche 1999 51/56 66/68 90.17% 0.94[0.86,1.03]

Subtotal (95% CI) 56 68 90.17% 0.94[0.86,1.03]

Total events: 51 (Antimicrobial), 66 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.36(P=0.17)  

   

Total (95% CI) 106 118 100% 0.85[0.76,0.96]

favours antimicrobial 2000.005 100.1 1 favours standard
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Study or subgroup Antimicrobial Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 51 (Antimicrobial), 72 (Standard)  

Heterogeneity: Tau2=0; Chi2=6.81, df=1(P=0.01); I2=85.32%  

Test for overall effect: Z=2.57(P=0.01)  

Test for subgroup differences: Chi2=2.96, df=1 (P=0.09), I2=66.17%  

favours antimicrobial 2000.005 100.1 1 favours standard

 
 

Analysis 2.5.   Comparison 2 Antimicrobial-impregnated catheter versus
standard catheter, Outcome 5 Number with pain with catheter in place.

Study or subgroup Antimicrobial Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.5.1 Nitrofurazone versus standard  

Pickard 2012 496/1879 396/1889 1.26[1.12,1.41]

favours antimicrobial 50.2 20.5 1 favours standard

 
 

Analysis 2.6.   Comparison 2 Antimicrobial-impregnated catheter versus
standard catheter, Outcome 6 Number with pain on catheter removal.

Study or subgroup Antimicrobial Standard Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.6.1 Nitrofurazone versus standard  

Pickard 2012 707/1867 499/1881 1.43[1.3,1.57]

favours antimicrobial 20.5 1.50.7 1 favours standard

 
 

Comparison 3.   Antimicrobial-coated catheter versus antiseptic-coated catheter

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Symptomatic CAUTI: using non-mi-
crobiological-based definition

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

1.1 Nitrofurazone versus silver alloy 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

2 Symptomatic CAUTI: using microbio-
logical-based definition

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

2.1 Nitrofurazone versus silver alloy 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

3 Number with bacteriuria 1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

3.1 Nitrofurazone versus silver alloy 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4 Number with pain with catheter in
place

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

4.1 Nitrofurazone versus silver alloy 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

5 Number with pain on catheter re-
moval

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

5.1 Nitrofurazone versus silver alloy 1   Risk Ratio (M-H, Fixed, 95%
CI)

0.0 [0.0, 0.0]

 
 

Analysis 3.1.   Comparison 3 Antimicrobial-coated catheter versus antiseptic-coated
catheter, Outcome 1 Symptomatic CAUTI: using non-microbiological-based definition.

Study or subgroup Antimicrobial Antiseptic Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.1.1 Nitrofurazone versus silver alloy  

Pickard 2012 228/2153 263/2097 0.84[0.71,1]

favours antimicrobial 20.5 1.50.7 1 favours antiseptic

 
 

Analysis 3.2.   Comparison 3 Antimicrobial-coated catheter versus antiseptic-coated
catheter, Outcome 2 Symptomatic CAUTI: using microbiological-based definition.

Study or subgroup Antimicrobial Antiseptic Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.2.1 Nitrofurazone versus silver alloy  

Pickard 2012 69/2153 105/2097 0.64[0.48,0.86]

favours antimicrobial 20.5 1.50.7 1 favours antiseptic

 
 

Analysis 3.3.   Comparison 3 Antimicrobial-coated catheter versus
antiseptic-coated catheter, Outcome 3 Number with bacteriuria.

Study or subgroup Antimicrobial Antiseptic Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.3.1 Nitrofurazone versus silver alloy  

Pickard 2012 249/1846 310/1785 0.78[0.67,0.91]

favours antimicrobial 100.1 50.2 20.5 1 favours antiseptic
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Analysis 3.4.   Comparison 3 Antimicrobial-coated catheter versus antiseptic-
coated catheter, Outcome 4 Number with pain with catheter in place.

Study or subgroup Antimicrobial Antiseptic Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.4.1 Nitrofurazone versus silver alloy  

Pickard 2012 496/1879 322/1829 1.5[1.32,1.7]

favours antimicrobial 20.5 1.50.7 1 favours antiseptic

 
 

Analysis 3.5.   Comparison 3 Antimicrobial-coated catheter versus antiseptic-
coated catheter, Outcome 5 Number with pain on catheter removal.

Study or subgroup Antimicrobial Antiseptic Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.5.1 Nitrofurazone versus silver alloy  

Pickard 2012 707/1867 521/1817 1.32[1.2,1.45]

favours antimicrobial 20.5 1.50.7 1 favours antiseptic

 
 

Comparison 4.   One type of standard catheter versus another standard catheter

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number with bacteruria 3   Risk Ratio (M-H, Fixed, 95% CI) Totals not select-
ed

1.1 Silicone versus latex 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

1.2 Hydron coated latex versus plain
latex

1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

1.3 Hydron coated latex versus PVC
balloon

1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

1.4 PVC balloon versus plain latex 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

1.5 Hydrogel versus silicone 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Urethral reaction 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not select-
ed

2.1 Siliconised Latex versus Hydro-
gel coated latex

1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

2.2 Full silicone versus Hydrogel
coated latex

1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

2.3 Full silicone versus Siliconised
latex

1   Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

3 Number with burning sensation in
urethra

1   Risk Ratio (M-H, Fixed, 95% CI) Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Silicone versus non-silicone 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Number with urethritis 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not select-
ed

4.1 Silicone versus latex 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Number with meatal stricture 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not select-
ed

5.1 Latex (3 way catheter size 22G)
versus PVC (3 way catheter size 22G)

1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 4.1.   Comparison 4 One type of standard catheter versus
another standard catheter, Outcome 1 Number with bacteruria.

Study or subgroup Standard A Standard B Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.1.1 Silicone versus latex  

Nickel 1989 3/46 3/49 1.07[0.23,5.01]

   

4.1.2 Hydron coated latex versus plain latex  

Tidd 1976 13/17 13/16 0.94[0.66,1.34]

   

4.1.3 Hydron coated latex versus PVC balloon  

Tidd 1976 13/17 15/17 0.87[0.63,1.19]

   

4.1.4 PVC balloon versus plain latex  

Tidd 1976 15/17 13/16 1.09[0.81,1.45]

   

4.1.5 Hydrogel versus silicone  

Chene 1990 17/129 22/137 0.82[0.46,1.47]

favours A 100.1 50.2 20.5 1 favours B

 
 

Analysis 4.2.   Comparison 4 One type of standard catheter
versus another standard catheter, Outcome 2 Urethral reaction.

Study or subgroup Standard A Standard B Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

4.2.1 Siliconised Latex versus Hydrogel coated latex  

Talja 1990 22 36 (6.1) 28 36 (6.5) 0[-3.51,3.51]

   

4.2.2 Full silicone versus Hydrogel coated latex  

Talja 1990 27 20 (4) 28 36 (6.5) -16[-18.84,-13.16]

   

4.2.3 Full silicone versus Siliconised latex  

favours A 4020-40 -20 0 favours B
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Study or subgroup Standard A Standard B Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Talja 1990 27 20 (4) 22 36 (6.1) -16[-18.96,-13.04]

favours A 4020-40 -20 0 favours B

 
 

Analysis 4.3.   Comparison 4 One type of standard catheter versus another
standard catheter, Outcome 3 Number with burning sensation in urethra.

Study or subgroup Standard A Standard B Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.3.1 Silicone versus non-silicone  

Kalambheti 1965 5/20 18/20 0.28[0.13,0.6]

favours A 100.1 50.2 20.5 1 favours B

 
 

Analysis 4.4.   Comparison 4 One type of standard catheter versus
another standard catheter, Outcome 4 Number with urethritis.

Study or subgroup Standard A Standard B Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.4.1 Silicone versus latex  

Nacey 1984 1/50 11/50 0.09[0.01,0.68]

favours A 10000.001 100.1 1 favours B

 
 

Analysis 4.5.   Comparison 4 One type of standard catheter versus
another standard catheter, Outcome 5 Number with meatal stricture.

Study or subgroup Standard A Standard B Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.5.1 Latex (3 way catheter size 22G) versus PVC (3 way catheter size 22G)  

Goodwin 1990 1/42 1/42 1[0.06,15.47]

favours A 10000.001 100.1 1 favours B

 

 

A D D I T I O N A L   T A B L E S
 

Antiseptic Antibiotic Standard

Silver oxide Silicone impregnated with
minocycline and rifampin

Silicone

Silver alloy Silicone impregnated with nitro-
furazone

Latex

Table 1.   Types of catheters 
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Noble metal alloy containing a mix-
ture of gold, palladium and silver al-
loy

  Hydrogel

    Siliconised latex

    Teflonised latex

    Hydrogel-coated latex

    Hydrophilic polymer-coated latex

    Polyvinyl chloride

    Polytetrafluoroethylene

Table 1.   Types of catheters  (Continued)

 

 

A P P E N D I C E S

Appendix 1. Incontinence Group Specialised Register search terms

(({DESIGN.RCT} OR {DESIGN.CCT} )
AND
({INTVENT.MECH.CATHETER*} OR {INTVENT.SURG.POSTSURG*} OR {INTVENT.PREVENT.*} OR {INTVENT.SURG.INTRAOPERATIVE*}))
Key: * = wildcard.
(All searches were of the keywords field of Reference Manager 2012).

F E E D B A C K

Asymptomatic versus symptomatic UTI.

Summary

Basically it appears that there is an error in the data tables in that the same numbers appear in the symptomatic and asymptomatic

groups. There is an assumption that a bacteria count of >105 CFU equates with symptomatic UTI rather than asymptomatic bacteriuria. The
reference articles do not distinguish between asymptomatic bacteriuria and symptomatic bacteriuria but call both UTI. They do not look at
indications for antibiotic use as these are all hospital patients who oOen receive antibiotics which could be prophylaxis or for other reasons.

The conclusions on silver catheters preventing symptomatic UTI have been arrived from analysing false data. There is insuLicient evidence
to claim that silver catheters reduce symptomatic UTI. Similarly it is odd that Maki's abstract is suLicient quality to be included for the UTI
analysis but not the asymptomatic bacteriuria as none of these studies adequately distinguish between symptomatic and asymptomatic
bacteriuria.

Reply

Addressed these issues within 2008 update (see published notes in Schumm 2008) .

Contributors

Katie Gillies and Thomas Lam.

W H A T ' S   N E W

 

Date Event Description

15 September 2014 New citation required and conclusions
have changed

Three new trials have been added (Goodwin 1990; Pickard 2012;
Stenzelius 2011). Identified 3 ongoing trials (NCT00482547 2007;
NCT01681511 2012; NCT02198833 2014). Risk of bias was re-
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Date Event Description

assessed on all the included trials in accordance with current
methods. Conducted patient focus group for identifying the crit-
ical outcomes (Omar 2013) and applied GRADE for assessing the
quality of evidence.

15 September 2014 New search has been performed Three new trials have been added (Goodwin 1990; Pickard 2012;
Stenzelius 2011). Identified 3 ongoing trials (NCT00482547 2007;
NCT01681511 2012; NCT02198833 2014). Risk of bias was re-
assessed on all the included trials in accordance with current
method. Conducted patient focus group for identifying the criti-
cal outcomes (Omar 2013) and applied GRADE for assessing the
quality of evidence.

 

H I S T O R Y

Protocol first published: Issue 1, 2003
Review first published: Issue 1, 2004

 

Date Event Description

26 July 2010 New search has been performed Updated review. No new studies added. Sub-group analysis of
silicone vs. silver alloy coated catheter conducted to address
feedback. Other items from feedback incorporated elsewhere
throughout review (Maki 1998; details of standard catheter
changed to remove silicone from description).

22 April 2008 Amended 1 study removed

7 April 2008 Amended Converted to new review format.

19 February 2008 New citation required and conclusions
have changed

Substantive amendment

19 February 2008 Amended 5 new studies added

19 February 2008 Feedback has been incorporated Comment on previous review regarding symptomatic UTI has
been addressed and amended accordingly.

 

C O N T R I B U T I O N S   O F   A U T H O R S

For the 2014 update, Thomas BL Lam (TL), Muhammad Imran Omar (MO) and Euan Collin Fisher (EF) independently screened all the
abstracts and full-text reports.TL, MO and EF independently extracted data and performed risk of bias assessment. MO and EF assessed
the quality of evidence. TL, MO and Sara Maclennan (SM) conducted the qualitative research for exploring the views of the participants
(Omar 2013). TL, MO and CA reassessed the risk of bias of all the included trials in accordance with the current methods. All review authors
contributed in the analysis of data and writing of the manuscript for this update.

For the 2008 update (Schumm 2008): KG and TL independently assessed all of the titles and abstracts included for the update and
completed the data extraction and quality assessment of such trials. KG draOed the updated text and TL contributed to the text editing.

In the original review (Brosnahan 2004), all reviewers contributed to writing the protocol. JB and AJ independently assessed all titles and
abstracts identified by the search. JB and CT completed the data extraction and quality assessment of all trials. JB draOed the text and all
authors contributed to the editing of the text, and CT also provided a clinical perspective and interpretation.

Types of indwelling urethral catheters for short-term catheterisation in hospitalised adults (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

76



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

D E C L A R A T I O N S   O F   I N T E R E S T

Thomas BL Lam was involved in the Catheter Trial, funded by the NIHR HTA Programme in the UK (Pickard 2012)

Muhammad Imran Omar: None known

Euan Fisher: None known

Katie Gillies was involved in the Catheter Trial, funded by the NIHR HTA Programme in the UK (Pickard 2012)

Sara MacLennan: None known

S O U R C E S   O F   S U P P O R T

Internal sources

• Univeristy of Aberdeen, UK.

External sources

• The National Institute for Health Research, UK.

The National Institute for Health Research (NIHR) is the largest single funder of the Cochrane Incontinence Group.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

An extra subgroup was added to the Methods section (Duration of catheter use ('less than' compared with 'longer than one week')),
although the analysis had already been included in the previous version of the review.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Alloys;  Anti-Infective Agents, Urinary  [administration & dosage];  Catheter-Related Infections  [etiology]  [*prevention & control];
  Catheters, Indwelling  [*adverse eLects];  Minocycline  [administration & dosage];  Nitrofurazone  [administration & dosage]; 
Randomized Controlled Trials as Topic;  Rifampin  [administration & dosage];  Silver;  Urinary Catheterization  [adverse eLects]
 [*instrumentation];  Urinary Tract Infections  [etiology]  [*prevention & control];  Urination Disorders  [therapy]

MeSH check words

Adult; Humans
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