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Abstract
We surveyed the extensive literature regarding the development, therapy and prevention of catheter-associated urinary tract infections
(UTIs). We systematically searched for meta-analyses of randomised controlled trials available in Medline giving preference to the Cochrane
Central Register of Controlled Trials and also considered other relevant publications, rating them on the basis of their quality. The studies’
recommendations, rated according to a modification of the US Department of Health and Human Services (1992), give a close-to-evidencebased guideline for all medical disciplines, with special emphasis on urology where catheter care is an important issue. The survey found that
the urinary tract is the commonest source of nosocomial infection, particularly when the bladder is catheterised (IIa). Most catheter-associated
UTIs are derived from the patient’s own colonic flora (IIb) and the catheter predisposes to UTI in several ways. The most important risk factor
for the development of catheter-associated bacteriuria is the duration of catheterisation (IIa). Most episodes of short-term catheter-associated
bacteriuria are asymptomatic and are caused by a single organism (IIa). Further organisms tend to be acquired by patients catheterised for
more than 30 days. The clinician should be aware of two priorities: the catheter system should remain closed and the duration of catheterisation
should be minimal (A). While the catheter is in place, systemic antimicrobial treatment of asymptomatic catheter-associated bacteriuria is not
recommended (A), except for some special cases. Routine urine culture in an asymptomatic catheterised patient is also not recommended (C)
because treatment is in general not necessary. Antibiotic treatment is recommended only for symptomatic infection (B). Long-term antibiotic
suppressive therapy is not effective (A). Antibiotic irrigation of the catheter and bladder is of no advantage (A). Routine urine cultures are
not recommended if the catheter is draining properly (C). A minority of patients can be managed with the use of the non-return (flip) valve
catheter, avoiding the closed drainage bag. Such patients may exchange the convenience of on-demand drainage with an increased risk of
infection. Patients with urethral catheters in place for 10 years or more should be screened annually for bladder cancer (C). Clinicians should
always consider alternatives to indwelling urethral catheters that are less prone to causing symptomatic infection. In appropriate patients,
suprapubic catheters, condom drainage systems and intermittent catheterisation are each preferable to indwelling urethral catheterisation (B).
© 2007 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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General aspects
1. Written catheter care protocols are necessary (B).
2. Health care workers should observe protocols on hand
hygiene and the need to use disposable gloves between
catheterised patients (A).
Catheter insertion and choice of catheter
3. An indwelling catheter should be introduced under antiseptic conditions (B).
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4. Urethral trauma should be minimised by the use of adequate lubricant and the smallest possible catheter calibre
(B).
5. Antibiotic-impregnated catheters may decrease the frequency of asymptomatic bacteriuria within 1 week.
There is , however, no evidence they decrease
symptomatic infection. Therefore, they cannot be recommended routinely (B).
6. Silver alloy catheters significantly reduce the incidence
of asymptomatic bacteriuria, but only for less than 1
week. There was some evidence of reduced risk for
symptomatic UTI. Therefore they may be useful in some
settings (B).
Prevention
7. The catheter system should remain closed (A).
8. The duration of catheterisation should be minimal
(A).
9. Topical antiseptics or antibiotics applied to the catheter,
urethra or meatus are not recommended (A).
10. Benefits from prophylactic antibiotics and antiseptic
substances have never been established, therefore they
are not recommended (A).
11. Removal of the indwelling catheter after non-urological
operation before midnight may be beneficial (B).
12. Long-term indwelling catheters should be changed in
intervals adapted to the individual patient, but must be
changed before blockage is likely to occur (B), however
there is no evidence for the exact intervals of changing
catheters.
13. Chronic antibiotic suppressive therapy is generally not
recommended (A).
Diagnostics
14. Routine urine culture in asymptomatic catheterised
patients are not recommended (B).
15. Urine, and in septic patients also blood for culture must
be taken before any antimicrobial therapy is started (C).
16. Febrile episodes are only found in less than 10% of
catheterised patients living in a long-term facility. It is
therefore extremely important to rule out other sources
of fever (A).
Treatment
17. Whilst the catheter is in place, systemic antimicrobial
treatment of asymptomatic catheter-associated bacteriuria is not recommended (A), except in certain
circumstances: especially prior to traumatic urinary
tract interventions (A).
18. In case of asymptomatic candiduria, neither systemic
nor local antifungal therapy is indicated (A), but
removal of the catheter or stent should be considered
(C).
19. Antimicrobial treatment is recommended only for
symptomatic infection (B).
20. In case of symptomatic catheter associated UTI it may
be reasonable to replace or remove the catheter before
starting antimicrobial therapy if the indwelling catheter
has been in place for more than 7 days (B).
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21. For empiric therapy broad-spectrum antibiotics should
be given based on local susceptibility patterns (C).
22. After culture results are available antibiotic therapy has
to be adjusted according to sensitivities of the pathogens
(B).
23. In case of candiduria associated with urinary symptoms or if candiduria is the sign of a systemic infection,
systemic therapy with antifungals are indicated (B).
24. Elderly female patients may need treatment if bacteriuria does not resolve spontaneously after catheter
removal (C).
Alternative drainage systems
25. There is limited evidence that post-operative intermittent catheterisation reduces the risk of bacteriuria
compared with indwelling catheter. No recommendation can be made (C).
26. In appropriate patients suprapubic, condom drainage
system or intermittent catheter are preferable to
indwelling urethral catheter (B).
27. There is little evidence suggesting that antibiotic
prophylaxis decreases bacteriuria in patients using
intermittent catheterisation, therefore it is not recommended (B).
Long-term follow up
28. Patients with urethral catheters in place for 10 years or
more should be screened for bladder cancer (C).

1. Introduction
Approximately 40% of nosocomial infections originate in
the urinary tract. Most patients with nosocomial urinary tract
infections (UTIs) have either had genitourinary or urological
manipulation (ca. 10–20%) or permanent urethral catheterisation (ca. 80%), or both [1–5] (III). Most catheter-associated
UTIs derive from the patient’s own colonic flora [6] (IIb).
In two recent prevalence studies on nosocomial UTI, one
hospital-wide (7) and one in urology departments only [8]
it was shown that most of nosocomial UTIs were catheter
associated, 63% and 74%, respectively. Patients with urinary
catheter of any type had an increased risk of UTI due to
Pseudomonas sp. A written protocol for catheter care was
associated with a lower incidence of catheter-related UTI
[7,8]. The aim of this article is to give a close-to-evidencebased guideline for all medical disciplines, with special
emphasis on urology where catheter care is an important
issue, and to assist and to encourage urological departments to
establish written guidance on catheter care on evidence-based
grounds.

2. Methods
We surveyed the extensive literature regarding the development, therapy and prevention of catheter-associated UTIs.
We systematically searched for meta-analyses of randomised
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Table 1
Level of evidence and grade of guideline recommendations [9]
(A) Level of evidence
Level

Type of evidence

Ia
Ib
IIa
IIb
III

Evidence obtained from meta-analysis of randomised trials
Evidence obtained from at least one randomised trial
Evidence obtained from one well-designed, controlled study without randomisation
Evidence obtained from at least one other type of well-designed, quasi-experimental study
Evidence obtained from well-designed, non-experimental studies such as comparative
studies, correlation studies and case reports
Evidence obtained from expert committee reports or opinions or clinical experience of
respected authorities

IV

(B) Grade of guideline recommendation
Grade

Nature of recommendations

A

Based on clinical studies of good quality and consistency addressing the special
recommendations and including at least one randomised trial
Based on well-conducted clinical studies, but without randomised clinical trials
Made despite the absence of directly applicable clinical studies of good quality

B
C

controlled trials available in Medline by giving preference to
the Cochrane Central Register of Controlled Trials and also
considered other relevant publications until March 2007. The
studies cited from the literature and their recommendations
were rated according to a modification of the US Department
of Health and Human Services [9] (Table 1).

3. History
In the 1920s, Foley introduced the self-retaining catheter.
Initially it was used with open drainage, and bacteriuria was
virtually universal by the end of the fourth day [10]. With the
introduction and development of modern biomaterials technology and the design of suitable receptacles, closed-catheter
systems were introduced. Development of bacteriuria was
delayed but was still universal after 30 days [1,11,12] (IIa,
III). A controlled trial comparing open with closed catheters
was never performed. There was little point in stating the
obvious and the closed system became the standard. A recent
relaxation of the closed-system principle occurred with the
development of a so-called flip (non-return) valve, allowing
a patient to void intermittently on demand through an open
catheter.

4. Risk of bacteriuria
The presence of an indwelling urethral catheter allows
continuous access of organisms into the urinary bladder.
Multivariate analyses have emphasised that the duration
of catheterisation is the most important risk factor in the
development of catheter-associated bacteriuria [6,13–16]
(IIa, III).
The duration of catheterisation depends on the indication:
(i) routine surgery, 1–7 days; (ii) measurement of urine out-

put in the context of critical care, 7–30 days; (iii) acute and
chronic urinary retention, 1 day to >30 days; and (iv) urinary
incontinence, >30 days.
Other risk factors include [15–19] (IIa): (i) colonisation
of the drainage bag, catheter and periurethral segment; (ii)
diabetes mellitus; (iii) female sex; (iv) renal function impairment; and (v) poor quality of catheter care including insertion
outside of an operating room; and (vi) lack of antimicrobial
therapy.

5. Pathogenesis
The urethral catheter can inhibit or bypass certain defence
mechanisms that would normally prevent or minimise
bacteria–epithelial cell interactions, e.g. the glycosaminoglycan (GAG) layer, biofilm formation.
Bacteria can enter the urinary tract in catheterised patients
at the time of catheter insertion. This is especially common
in patients who have inadequate cleansing of the perineum
and distal urethra, especially in patients on intermittent clean
catheterisation where only a limited attempt is made to
cleanse the ‘entry points’ before introduction of the catheter.
It is, however, doubtful whether such cleansing is in general of any benefit, but in hospitalised patients introduction
of organisms at the time of catheterisation could be critical.
Up to 20% of individuals will be colonised immediately after
catheterisation [6,15] (IIa, III).
In males the predominant route of invasion is the intraluminal, suggesting an exogenous source. It is demonstrated
that the intraluminal ascent of bacteria is faster (32–48 h)
than the extraluminal route (72–168 h) [11]. The taps of the
urine drainage bags commonly become contaminated during
use and their regular opening to drain the urine also affords
the bacteria access to the bag and migrate to the drainage
tube, the catheter and bladder right after. Disconnection of
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the catheter from the drainage tube has also been shown to
lead to contamination of the system.
Catheterisation will promote the development of a biofilm
between the catheter and urethral mucosa. This provides
a favourable environment for bacterial invasion and proliferation via the extraluminal route. A greater proportion
of bacteriuria is found in women (70–80%) than in men
(20–30%) [16–18] (III).
Biofilm is defined as an accumulation of microorganisms
and their extracellular products that form a structured community on a solid surface. Biofilms are ubiquitous. In the
context of urological practice they can be demonstrated on
catheters, drainage bags and other foreign bodies and prostheses [20]. They can also be found within scar tissues at
sites of chronic infection (e.g. chronic infection in renal scars,
prostatitis and epididymitis) (IIb).
Biofilm is composed of three layers: (i) the linking film,
attached to the surface tissue or biomaterial; (ii) the basal
layer; and (iii) the surface film adjacent to the lumen, from
which planktonic organisms can be released.
Organisms within the biofilm are well protected from
mechanical flushing by urine flow, other host defences and
antibiotics. Conventional laboratory testing can easily detect
planktonic free-floating bacteria within the urine or occasionally in the tissue. However, sessile pathogens from the biofilm
will not be detected with routine methods [20–25] (IIa, IIb,
III).
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mirabilis, Staphylococcus epidermidis, Enterococcus spp.
and Candida spp. [12,16,17] (IIb). Most catheter-associated
bacteriuria is accompanied by pyuria which however varies
by organism.
Although there is extensive literature on the type, maintenance and techniques for the insertion of urinary catheters,
little attention is paid to their removal. The importance of
short-term urethral catheter management is recognised; however, there is no consensus about the optimal time and method
for removal of indwelling urethral catheters.
According to the Cochrane database [29], there is not
sufficient evidence of the benefit of using a catheter for a
period after operation (such as 24 h) compared with immediate removal after operation, but there is some evidence that
there is less need for re-catheterisation following hysterectomy if there is a short period of continuous drainage. Eleven
trials considering the duration of catheterisation after surgery
showed considerable heterogeneity and did not prove that any
one policy was better than another. In general, fewer UTIs
occurred when the catheter was removed as soon as possible.
Removal of the indwelling urinary catheter before midnight may be beneficial (C). There are some resource
implications but their magnitude is not defined. Patients stay
in hospital for a shorter period of time after early, rather than
delayed, catheter removal, but the effects on other outcomes
are unclear [29].
6.3. Long-term catheterisation

6. Methods of catheterisation and the risk of UTI
6.1. Single (straight) catheterisation
After single (straight) catheterisation, bacteriuria develops
in ca. 1–5% of cases [12,16,17] (III). The risk of infection
is increased in female patients, patients with urinary retention, in peripartum catheterisation, in men with prostatic
obstruction, in diabetes mellitus and in debilitated and elderly
patients [26] (III).
6.2. Short-term catheterisation
Short-term catheterization is usually defined as catheter in
place for less than 7 days [16]. Indications for short-term bladder catheterisation are to monitor urine output (i) in acutely
ill patients, (ii) for urinary obstruction and (iii) in the perioperative period. Between 15% and 25% of patients admitted
to hospital may be catheterised for 2–4 days during their stay
[12,16] (III). Between 10% and 30% will develop bacteriuria
[3,27,28] (IIa, III).
Most episodes of short-term catheter-associated bacteriuria are asymptomatic and are caused by single organisms;
15% may be polymicrobial [5] (III), reflecting the prevailing flora in hospital or community environments.
Therefore, the most common species are Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Proteus

When indwelling catheterisation lasts for more than 28
days it is defined as ‘long-term’ or ‘chronic’. Unfortunately,
there is no consensus on the classification of indwelling
catheters in place for 8-29 days. The patient with a longterm indwelling catheter is at high risk of morbidity due to
this procedure. Bacteriuria with at least one strain is universal, whilst most patients are infected with two or more
strains [30,31] (IIb). The commonest infecting organism is
E. coli. Persistence is related to the presence of type 1 pili, an
adhesin for uroepithelium and the Tamm–Horsfall protein.
Another organism rarely found outside of the catheterised
urinary tract is Providencia stuartii [30] (IIb, III). For this
organism, the adhesins MR/K are more common [32,33]
(IIb). Other associated flora include Pseudomonas, Proteus,
Morganella and Acinetobacter, Enterococcus and Candida
spp. Bacteriuria is polymicrobial in up to 95% of urine specimens from long-term catheterised patients [12,16,17,33,34]
(IIb, III). One-quarter of organisms in catheter urine are not
present in urine simultaneously obtained by suprapubic bladder puncture, suggesting that some organisms colonise the
catheter only [35] (IIb).
The incidence of bacteraemia is significantly high in
patients with chronic catheterisation undergoing instrumentation for endoscopic surgery, e.g. transurethral resection of
the prostate (TURP) [36] (IIb) and in presence of bacteriuria
the risk of genitourinary infectious complications is increased
by a factor close to 10 times [37]. Despite the high level of
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bacteriuria in patients with long-term indwelling catheters,
symptomatic manifestations, either through ascending infection or through bacteraemia, are unusual. Studies in a
long-term facility identified UTIs as a source of febrile
episodes in less than 10% of patients [16] (III). It is
therefore extremely important to rule out other sources of
fever (A).
Transient asymptomatic bacteraemia is common during
initial catheter insertion or during catheter exchange in chronically catheterised patients [38] (III). The risk of bacteraemia
during initial catheter insertion is similar, whether there is a
pre-existing UTI (7%) or sterile urine (8.2%) [39,40] (IIa).
The relatively low incidence of febrile UTI and bacteraemia
may be due to the fact that colonisation of urethral catheters
is caused mainly by less virulent organisms. It has been
shown that colonising E. coli strains lack P fimbriation in
a catheter-associated infection [41] (IIb).
The contribution of catheter-associated UTI to mortality is unclear. Prospective, or case–controlled, studies
revealed that catheter-associated UTIs are usually not associated with excess mortality [42–44] (IIa, III). On the other
hand, data from the National Nosocomial Infections Surveillance (NNIS) survey and from other studies indicate that
catheter-associated infections have a low risk of mortality
even in elderly patients [42-45] (IIa, III). The contributable
mortality varies between 9% and 13% [32,46]. Other risk
factors include severity of co-morbid disease, inappropriate
antibiotic therapy, remote infection and the presence of an
unrecognised urological abnormality [47] (III). However, the
death rate following TURP and similar operations is approximately doubled in catheterised patients.
Chronic catheterisation can lead to obstruction of the
lower urinary tract owing to catheter blockage as well as
to urinary tract stones, epididymitis, prostatitis and scrotal
abscess [11,16,17,48–51] (IIa, III). Up to 50% of patients
undergoing catheterisation for more than 28 days experience
recurrent encrustation and catheter blockage [48–51] (IIa).
Intermittent urinary retention can lead to vesicoureteric reflux
and ascending complicated infection. Infecting organisms
often include P. mirabilis, a potent urease producer, which
promotes the development of struvite stones by hydrolysis of
urea to ammonium [12,16,17,48–51] (IIb, III).
Bladder catheterisation for more than 10 years, e.g. in
patients with spinal cord injury, may be associated with an
increased risk of bladder cancer [52,53] (IIa). Therefore,
patients with urethral catheters in place for 10 years or more
should be screened for bladder cancer (C).

7. Alternative methods of urine drainage
Prevention of catheter-associated infection may be accomplished by alternatives to indwelling catheterisation. The
advantages and disadvantages of the various catheter modalities for bladder drainage are listed in Table 2.

7.1. Intermittent catheterisation
Intermittent catheterisation is popular in the management
of voiding dysfunction due to a wide variety of causes,
including a neuropathic bladder. It is a safe and effective
method of bladder management for four groups of patients:
children with neuropathic bladder dysfunction (e.g. spina
bifida); women with incontinence caused by uncontrolled
reflex detrusor contraction; women and men with urinary
retention due to ineffective or absent detrusor contraction;
and males with bladder outlet obstruction who are not fit for
surgery [54]. Bacteriuria is acquired at the rate of ca. 1–3%
per catheterisation. Therefore it is universal by the end of
the third week [55–58] (III). It may be expected that local
periurethral infection, febrile episodes, stones and deterioration of renal function are less common than in patients
permanently catheterised, but there are no well-designed
comparative studies. Complications include bleeding, urethral inflammation, stricture, false passage, epididymitis,
bladder stone and hydronephrosis.
Three trials compared indwelling urethral catheterisation with intermittent catheterisation. In two trials there
were fewer cases of bacteriuria in the intermittent catheterisation group (relative ratio 2.90, 95% confidence interval
1.44–5.84). Cost analyses of these trials favoured the
indwelling catheter. A randomised study showed no difference in symptomatic UTIs between clean and sterile
intermittent catheterisation, although obviously the former
was associated with reduced costs [59] (1b). There was
limited evidence that post-operative intermittent catheterisation reduced the risk of bacteriuria (asymptomatic and
symptomatic) in patients with hip or knee surgery compared
with indwelling catheterisation, therefore no recommendation can be made (C). Benefits from prophylactic antibiotics
and antiseptic substances, such as oral methenamine or bladder instillation of povidone–iodine and chlorhexidine, have
never been established. Therefore they are not recommended
(A).
7.2. Suprapubic catheterisation
Suprapubic catheterisation is used mainly in patients
undergoing urological or gynaecological procedures. It offers
several advantages over urethral catheterisation, particularly
in terms of patient comfort. Clamping of the suprapubic
catheter facilitates testing of voiding through the urethra.
According to the Cochrane review there is evidence that
suprapubic catheters are superior to indwelling urethral
catheters in terms of bacteriuria (asymptomatic and symptomatic) and re-catheterisation. There was some evidence
that the results are better in a suprapubic catheter group
with regard to patient tolerance and catheter obstruction
[60–65,65a] (III). However, convincing randomised trials are
still missing that demonstrate the advantage of suprapubic
catheters compared with transurethral indwelling catheters.
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Table 2
Advantages and disadvantages of various catheter modalities for bladder drainage
Advantages
Transurethral indwelling catheter
–
only few contraindications, e.g. urethral stricture, urethral trauma
–
installation by trained nurse
–
catheters with several luminal seizes
–
special catheters for flushing the bladder
–
special catheters for permanent bladder irrigation
–
catheter insertion usually not very traumatic using optimal technique
Suprapubic catheter
–
no urethral interference (no urethritis, prostatitis, epididymitis)
–
no urethral stricture
–
lower rate of nosocomial UTI
–
spontaneous micturition and residual urine measurement
–
transurethral diagnostic procedures, e.g. cystoscopy, urethrogramme
–
less troublesome for the patient
–
lower amount of nursing workload

Disadvantages
–
–
–
–
–
–
–

local infection (urethritis)
urethral trauma, stricture and paraurethral abscess
prostatitis, epididymitis, pyelonephritis, urosepsis
high rate of nosocomial UTI
residual urine measurement not possible
more troublesome for the patient
higher amount of nursing workload

–

–

installation by physician
Relative contraindications:
bladder shrinkage
suprapubic scars
meteorism
pregnancy
obesity
Absolute contraindications:
bladder volume <200 ml
bladder tumor
bladder displacement, e.g. by intraabdominal
tumor
anticoagulation therapy, haemorrhagic tendency,
gross haematuria
skin diseases in the puncture area

–

elevated urethral trauma

–
–
–
–
–

urethral stricture
false passage
urethritis, epididymitis, prostatitis
cooperative and skilled patient
difficult process in men

–
–
–
–

cooperative and skilled patient
obesity
short penis
skin maceration and ulceration

–
–
–
–
–

difficulty in proper placement, changing or removal
high migration rate
high level of scar formation
secondary stricture
calcification

–
–
–
–
–
–
–
–
–

Intermittent catheterisation
–
less local periurethral infection, febrile episodes, stones and
deterioration of renal failure
–
clean catheterization

Condom catheter
–
lower incidence of bacteriuria
–
no urethral interference (no urethritis, prostatitis, epididymitis)
–
no urethral stricture
–
less painful procedure
Urethral stent/prosthesis
–
lower incidence of bacteriuria
–
less troublesome for the patient
–
less urethral stricture

7.3. Condom catheters

7.4. Urethral stents/prostheses

Condom catheters can be useful in male patients without outlet obstruction. However, condom drainage may
be unsatisfactory in confused or uncooperative patients or
where there is obesity and/or a short penis. Skin maceration and ulceration can occur. Daily changing of the
condom catheter is recommended, although changes every
other day are not associated with increased infection rates
[66]. Condom catheters offer a lower incidence of bacteriuria compared with long-term urethral catheterisation
[51,67] (III).

Urethral stents/prostheses are often inserted into the
prostatic urethra for a variety of indications, including neurogenic bladder dysfunction, prevention of strictures, treatment
of urinary retention. In stress incontinence approximately
50% achieved satisfactory control [68] (III). Bacteriuria,
which is usually asymptomatic, occurs in 10–35% of patients
[68–75] (III). There are no well-designed studies investigating the significance of bacteriuria or symptomatic UTI in
correlation with various urethral inserts and stents in comparison with other drainage methods.
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7.5. General recommendations

8.2. Additional methods of prevention

As indwelling urethral catheters are prone to cause
symptomatic infection, clinicians should always consider
alternatives. In appropriate patients, suprapubic catheters,
condom drainage systems or intermittent catheterisation are
preferable to indwelling urethral catheterisation (B).

Scientists who deal with catheter materials have varied
the physical and chemical composition and coatings in the
manufacture of catheters and stents. The objective is to delay
the onset of bacteriuria and to prevent bacterial adherence
and growth.
The local host inflammatory response and tissue necrosis
associated with catheter use are greatest with natural rubber, but less with latex and minimal with silicone [81] (IIa).
Latex catheters are the least expensive but irritation and allergic reaction may occur [46] (IIa). Silicone catheters are more
biocompatible than normal latex ones and therefore are better choices for long-term usage. Silicone catheters obstruct
less often than latex. Teflon- or silicone-coated latex catheters
in patients are prone to catheter encrustation [82–86] (IIa).
Polyvinyl chloride is a strong material that often composes
the three-way catheters used for bladder irrigation and washout. On the other hand, there is not enough evidence to
define whether any standard catheter was better than another
in terms of reducing the risk of UTI in hospitalised adults
catheterised short-term. There is still no consensus as to
which catheter is the best in which circumstances. The choice
depends on the clinical indication, cost, availability and personal preference [86].
Other strategies include biocides or antibiotics incorporated into the catheter material, or materials with surface
properties preventing adherence of bacterial cells. A thin
layer of polymer matrix covering the biomaterial surface
may assist the metered release of drugs into the urine. Only
one small trial justified some impact on bacteriuria in the
antibiotic-impregnated catheter group but only within 1 week
of catheterisation [87–89]. The Cochrane review suggested
that while the use of antibiotic-impregnated catheters may
decrease the frequency of bacteriuria, there is no evidence
that they decrease symptomatic infection [86].
Silver oxide coating may delay bacteriuria in short-term
use, but silver alloy-coated catheters appear to be more
effective by precipitating membrane proteins of surfaceassociated bacteria and inhibiting colonisation. Silver ions
bound to murein are bacteriostatic, whereas in higher silver
concentrations the silver ions may be bactericidal [90,91]
(IIb). According to the Incontinence Group of the Cochrane
Database, silver oxide catheters did not show significant
reduction in bacteriuria in short-term catheterised patients in
hospital, but the confidence intervals were wide. In contrast,
silver alloy catheters significantly reduced the incidence of
asymptomatic bacteriuria under the same conditions, but
only for less than 1 week. There was also a reduced risk
of symptomatic UTIs [86]. Phosphorylcholine and heparin
coating may also inhibit encrustation and biofilm formation
[92–94] (IIa).
However, so far none of the above methods showed any
advantage in long-term prevention of bacteriuria, but it may
be effective during short-term catheter use, particularly in
intensive care units [86] (IIa). In summary, antimicrobial

8. Prevention of bacteriuria
8.1. Catheter care
The following recommendations are commonly used
[11,16,53] (III). An indwelling catheter should be introduced
under antiseptic conditions (B). Urethral trauma should be
minimised by the use of adequate lubricant and the smallest possible catheter (A). A limited study indicates that the
risk of bacteriuria is equally high if a sterile or clean technique or an antiseptic gel is used [76,77] (IIa). The clinician
should be aware of two priorities: the catheter system should
remain closed (A) and the duration of catheterisation should
be minimal (A).
There is a resurgence of interest in the use of the convenient flip valve as a replacement for the daytime catheter
bag. It is expected that the risk of colonisation of such a
device will be a problem, although a randomised controlled
study of 100 patients comparing the use of catheter valve with
standard drainage systems showed no difference in the incidence of UTIs [78]. Adequate urine flow must be ensured.
The patient should receive sufficient fluids given orally to
maintain an output of more than 50–100 mL/h. Bacteraemia
is not prevented by topical antiseptics or antibiotics applied
to the catheter, urethra or meatus.
There is no consensus as to the time in which routine
catheter changes have to be made. This may be dictated by
the manufacturer’s instructions and conditions for indemnity.
Shorter periods may be necessary if there is catheter malfunction or leakage. In general, long-term indwelling catheters
must be changed before blockage occurs or is likely to occur.
The time differs very much from one patient to another.
Some patients form deposit in the catheter lumen very quickly
[53,79]. These individuals (‘blockers’) need to have catheter
changes more frequently than ‘non-blockers’, i.e. weekly
or even twice weekly [46,49]. Some authors advise leaving the catheter out for at least 1 h, but no longer than 2 h,
when a long-term indwelling catheter is changed, to allow
the urethral glands to drain [53]. However, this method has
no evidence-based support.
According to the Cochrane database for patients using
intermittent catheterisation, there is limited evidence suggesting that antibiotic prophylaxis decreases the rate of
bacteriuria (asymptomatic and symptomatic). Therefore
it is not recommended (B). For patients using permanent urethral catheterisation, no data are available
[80].
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urinary catheters can prevent or delay the onset of catheterassociated bacteria, but the effect on morbidity is not known
[94a].
Continuous electric current applied to the catheter surface (i.e. electromechanical dissociation) [95] may also be of
advantage, however no device has been developed for clinical
use yet.

9. Treatment
9.1. Treatment of asymptomatic bacteriuria
Generally, asymptomatic bacteriuria should not be treated
(A) because bacteriuria will either not be eradicated or will
return rapidly. However, antimicrobial therapy may contribute to the selection of resistant organisms and to adverse
reactions. There is no evidence that antimicrobial therapy
decreases morbidity or mortality from UTI in catheterised
patients [96], therefore systemic antimicrobial treatment of
asymptomatic catheter-associated bacteriuria is only recommended in the following circumstances [11,16,25,97–99]:
(i) patients undergoing urological surgery or implantation of
prostheses (A); (ii) treatment may be part of a plan to control
nosocomial infection due to a particularly virulent organism
prevailing in a treatment unit (B); (iii) patients who have
a high risk of serious infectious complications, e.g. patients
who are immunosuppressed (C); and (iv) infections caused by
strains causing a high incidence of bacteraemia, e.g. Serratia
marcescens (B).
If the catheter drains properly, routine urine cultures
in asymptomatic catheterised patients are also not recommended (B) because treatment generally is not necessary.
Also, it has not been shown that a uropathogen cultured from
an asymptomatic patient will be the causative organism when
a symptomatic episode occurs. Following catheter removal in
ca. one-third to one-half of cases, the urinary tract will clear
bacteria spontaneously [53,99] (III). Spontaneous clearance
occurs more commonly in women under 65 years of age or
when S. epidermidis is the infecting organism [53]. However,
one study shows that elderly females may need treatment if
bacteriuria does not resolve spontaneously [100] (IIa) or if
symptomatic infection occurs.
9.2. Treatment of symptomatic UTI
The most frequent clinical manifestation of symptomatic
UTI in catheterised residents is fever. Some patients may
also become septic with at least two of the followings
symptoms: hypothermia, tachycardia (> 90/min), tachypnoea
(>20/min and/or pCO2 <33 Hgmm), leucocytosis (>12/nl) or
leucopenia (<4/nl). Since patients with long-term indwelling
catheters always have positive urine cultures, a definite
diagnosis of the source of infection remains problematic
in a febrile or septic catheterized patient without localising genitourinary symptoms and if not bacteraemic due
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to the same urinary pathogen. UTI may be the source of
fever; if there are no localising features such as obstruction,
haematuria or costovertebral angle tenderness, alternative
diagnoses must be considered. Observation, rather than
immediate antimicrobial therapy, should be considered when
the patient is clinically stable and the fever is of low grade
[17].
Antibiotic treatment is recommended only in symptomatic infection (bacteraemia, pyelonephritis, epididymitis,
prostatitis) (B). Systemic antibiotics should be used for
catheterised patients who are febrile and appear to be ill,
because of the possibility of UTI-related bacteraemia or
pyelonephritis (B). Owing to the likelihood of bacteria
sequestered in a biofilm on the catheter surface, it may be reasonable to replace or remove the catheter (if the indwelling
catheter has been in place for more than 7 days) before
the therapy of symptomatic catheter-associated bacteriuria
[53,101–103]. After initiation of empirical treatment usually
with broad-spectrum antibiotics based on local susceptibility
patterns (C), the choice of antibiotics may need to be adjusted
according to urine culture results (B). Therefore, urine, and
in septic patients also blood for culture, must be taken before
any antibacterial therapy is started (C).
Although there are no adequate clinical studies to guide
the length of therapy for catheter-related symptomatic UTI,
antimicrobial treatment usually varies from 5 days to 21
days depending on the organism, co-morbid conditions and
patient response [100,102,104] (I, III). Chronic antibiotic
suppressive therapy is not effective and generally not recommended (A). Catheterised urine cannot be permanently
sterilised [11,16,17,102,105,106] (IIa, III).
Occasionally, the culture shows candiduria, which is usually asymptomatic and often resolves without treatment. In
this case neither systemic nor local (bladder irrigation) antifungal therapy is indicated [107,108] (Ib) (A), but removal of
the catheter or stent should be considered (C). If the infection
is associated with urinary symptoms or candiduria is the sign
of a systemic infection, systemic therapy with antifungals are
indicated [109–111] (IIa) (B).

10. Prevention of cross-infection
Healthcare workers should be constantly aware of the
risk of cross-infection between catheterised patients. They
should observe protocols on handwashing and the need to
use disposable gloves (A).
The periurethral bacterial flora, surfaces of the catheter
system and the persistent, huge reservoir of contaminated
urine as well as the skin of the patient are sources for contamination of the hands of medical personnel who may carry
the bacteria to other patients [97,99,106,112] (IIb, III). This
may be reduced by treating the catheterised urinary tract as
an open wound. It is therefore essential to use gloves after
handwashing in antiseptic solutions [102,113,114] (IIa, III).
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[7] Bonza E, San Juan R, Muñoz P, Voss A, Kluytmans J. Co-operative
Group of the European Study Group on Nosocomial Infections.
A European perspective on nosocomial urinary tract infections II.
Report on incidence, clinical characteristics and outcome (ESGNI004 study). European Study Group on Nosocomial Infection. Clin
Microbiol Infect 2001;7:532–42.
[8] Bjerklund Johansen TE, Cek M, Naber K, Stratchounski L, Svendsen
MV, Tenke P. PEP and PEAP study investigators; European Society of Infections in Urology. Prevalence of hospital-acquired urinary
tract infections in urology departments. Eur Urol 2007;51:1100–11
[discussion 1112].
[9] US Department of Health and Human Services, Public Health Services, Agency for Health Care Policy and Research; 1992. pp.
115–127.
[10] Kass EH. Asymptomatic infections of the urinary tract. Trans Assoc
Am Phys 1956;69:56.
[11] Warren JW, Tenney JH, Hoopes JM, Muncie HL, Anthony WC. A
prospective microbiologic study of bacteriuria in patients with chronic
indwelling urethral catheters. J Infect Dis 1982;146:719–23.
[12] Warren JW. Catheter-associated urinary tract infections. Int J Antimicrob Agents 2001;17:299–303.
[13] Jain P, Parada JP, David A, Smith LG. Overuse of the indwelling
urinary tract catheter in hospitalized medical patients. Arch Intern
Med 1995;155:1425–9.
[14] Hooton TH, Haley RW, Culver DH, White JW, Morgan WM, Carroll
RJ. The joint association of multiple risk factors with the occurrence
of nosocomial infection. Am J Med 1981;70:960–70.
[15] Platt R, Polk BF, Murdock B, Rosner B. Risk factors for nosocomial
urinary tract infection. Am J Epidemiol 1986;124:977–85.
[16] Warren J, Bakke A, Desgranchamps F, et al. Catheter-associated bacteriuria and the role of biomaterial in prevention. In: Naber KG,
Pechere JC, Kumazawa J, Khoury S, Gerberding IL, Schaeffer AJ,

[25]
[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

editors. Nosocomial and health care associated infections in urology.
Plymouth, UK: Health Publications Ltd.; 2001. p. 153–76.
Sedor J, Mulholland SG. Hospital-acquired urinary tract infections associated with the indwelling catheter. Urol Clin North Am
1999;26:821–8.
Stamm WE, Hooton TM, Johnson RT, et al. Urinary tract infections:
from pathogenesis to treatment. J Infect Dis 1989;159:400–6.
Maki DG, Tambyah PA. Engineering out the risk for infection with
urinary catheters. Emerg Infect Dis 2001;7:342–7.
Costerton JW. Introduction to biofilm. Int J Antimicrob Agents
1999;11:217–21.
Biering-Sorensen F. Urinary tract infection in individuals with spinal
cord lesion. Curr Opin Urol 2002;12:45–9.
Choong S, Whitfield H. Biofilms and their role in infections in urology.
BJU Int 2000;86:935–41.
Reid G. Biofilms in infectious diseases and on medical devices. Int J
Antimicrob Agents 1999;11:223–6.
Donlan RM. Biofilm formation: a clinically relevant microbiological
process. Clin Infect Dis 2001;33:1387–92.
Kumon H. Management of biofilm infection in the urinary tract. World
J Surg 2000;24:1193–6.
Warren JW. Catheter-associated urinary tract infections. Infect Dis
Clin North Am 1997;11:609–22.
Kunin CM, McCormack RC. Prevention of catheter-induced
urinary-tract infections by sterile closed drainage. N Engl J Med
1966;274:1155–61.
Garibaldi RA, Burke JP, Dickman ML, Smith CB. Factors predisposing to bacteriuria during indwelling urethral catheterization. N Engl
J Med 1974;291:215–9.
Griffiths R, Fernandez R. Policies for the removal of shortterm indwelling urethral catheters. Cochrane Database Syst Rev
2005;25(1):CD004011.
Warren JW, Damron D, Tenney JH, Hoopes JM, Deforge B, Muncie
Jr HL. Fever, bacteremia, and death as complications of bacteriuria in women with long-term urethral catheters. J Infect Dis
1987;155:1151–8.
Steward DK, Wood GL, Cohen RL, Smith JW, Mackowiak PA. Failure
of the urinalysis and quantitative urine culture in diagnosing symptomatic urinary tract infections in patients with long-term urinary
catheters. Am J Infect Control 1985;13:154–60.
Warren JW. Providencia stuartii: a common cause of antibioticresistant bacteriuria in patients with long-term indwelling catheters.
Rev Infect Dis 1986;8:61–7.
Tenney JH, Warren JW. Bacteriuria in women with long-term
catheters: paired comparison of the indwelling and replacement
catheter. J Infect Dis 1998;157:199–202.
Rahav G, Pinco E, Silbaq F, Bercovier H. Molecular epidemiology
of catheter-associated bacteriuria in nursing home patients. J Clin
Microbiol 1994;32:1031–4.
Bergqvist D, Bronnestam R, Hedelin H, Stahl A. The relevance of
urinary sampling methods in patients with indwelling Foley catheters.
Br J Urol 1980;52:92–5.
Ibrahim AI. Hospital acquired pre-prostatectomy bacteriuria: risk factors and implications. East Afr Med J 1996;73:107–10.
Grabe M, Hellsten S. Bacteriuria, a risk factor in men with bladder
outlet obstruction. In: Kass EM, Svanborg E, editors. Host parasite
interaction in urinary tract infection. University of Chicago press;
1986. pp. 303–306.
Jewes LA, Gillespie WA, Leadbetter A, et al. Bacteriuria and bacteraemia in patients with long-term indwelling catheters—a domiciliary
study. J Med Microbiol 1988;26:61–5.
Sullivan NM, Sutter VL, Mims MM, Marsh VH, Finegold SM. Clinical aspects of bacteremia after manipulation of the genitourinary tract.
J Infect Dis 1973;127:49–55.
Bregenzer T, Frei R, Widmer AF, et al. Low risk of bacteremia during catheter replacement in patients with long-term urinary catheters.
Arch Intern Med 1997;157:521–5.

P. Tenke et al. / International Journal of Antimicrobial Agents 31S (2008) S68–S78
[41] Ikaheimo R, Siitonen A, Karkkainen U, Makela PH. Virulence characteristics of Escherichia coli in nosocomial urinary tract infection.
Clin Infect Dis 1993;16:785–91.
[42] Gross PA, Van Antwerpen C. Nosocomial infections and hospital
deaths. A case–control study. Am J Med 1983;75:658–62.
[43] Bueno-Cavanillas A, Delgado-Rodriguez M, Lopez-Luque A,
Schaffino-Cano S, Galvez-Vargas R. Influence of nosocomial infection on mortality rate in an intensive care unit. Crit Care Med
1994;22:55–60.
[44] Emori TG, Barnerjee SN, Culver DH, et al. Nosocomial infections
in elderly patients in the United States, 1986–1990. National Nosocomial Infections Surveillance System. Am J Med 1991;91(Suppl.
3B):289S–93S.
[45] Tambyah PA, Maki DG. Catheter-associated UTI is rarely symptomatic. A prospective study of 1,497 catheterized patients. Arch
Intern Med 2000;160:678–82.
[46] Platt R, Polk BF, Murdock B, Rosner B. Mortality associated with
nosocomial urinary-tract infection. N Engl J Med 1982;307:637–42.
[47] Bryan CS, Reynolds KL. Hospital-acquired bacteremic urinary tract
infection: epidemiology and outcome. J Urol 1984;132:494–8.
[48] Kunin CM, Chin QF, Chambers S. Formation of encrustations on
indwelling urinary catheters in the elderly: comparison of different
types of catheter materials in ‘blockers’ and ‘nonblockers’. J Urol
1987;138:899–902.
[49] Stickler DJ, Evans A, Morris N, Hughes G. Strategies for the control
of catheter encrustation. Int J Antimicrob Agents 2002;19:499–506.
[50] Choong S, Wood S, Fry C, Whitfield H. Catheter associated urinary tract infection and encrustation. Int J Antimicrob Agents
2001;17:305–10.
[51] Ouslander J, Greengold B, Chen S. External catheter use and urinary
tract infections among incontinent male nursing home patients. J Am
Geriatr Soc 1987;35:1063–70.
[52] Delnay KM, Stonehill WH, Goldman H, Jukkola AF, Dmochowski
RR. Bladder histological changes associated with chronic indwelling
urinary catheter. J Urol 1999;161:1106–9.
[53] West DA, Cummings JM, Longo WE, Virgo KS, Johnson FE, Parra
RO. Role of chronic catheterization in the development of bladder
cancer in patients with spinal cord injury. Urology 1999;53:292–7.
[54] Pearmann JW. Catheter care. In: Brumfitt W, Hamilton-Miller JMT,
Bailey RR, editors. Urinary tract infections. London, UK: Chapman
& Hall; 1998. p. 303–14.
[55] Bakke A. Clean intermittent catheterisation—physical and psychological complications. Scand J Urol Nephrol Suppl 1993;150:1–69.
[56] Pearman JW. Urological follow-up of 99 spinal cord inured
patients initially managed by intermittent catheterization. Br J Urol
1976;48:297–310.
[57] Wyndaele JJ, Maes D. Clean intermittent self-catheterisation: a 12year followup. J Urol 1990;143:906–8.
[58] Diokno AC, Sonda LP, Hollander JB, Lapides J. Fate of patients
started on clean intermittent self-catheterization therapy 10 years ago.
J Urol 1983;129:1120–2.
[59] Duffy LM, Cleary J, Ahern S, et al. Clean intermittent catheterization:
safe, cost-effective bladder management for male residents of VA
nursing homes. J Am Geriatr Soc 1995;43:865–70.
[60] Niel-Weise BS, van den Broek PJ. Urinary catheter policies for
short-term bladder drainage in adults. Cochrane Database Syst Rev
2005;20(3):CD004203. Review.
[61] Andersen JT, Heisterberg L, Hebjorn S, et al. Suprapubic versus
transurethral bladder drainage after colposuspension/vaginal repair.
Acta Obstet Gynecol Scand 1985;64:139–43.
[62] Hammarsten J, Lindqvist K, Sunzel H. Urethral strictures following
transurethral resection of the prostate. The role of the catheter. Br J
Urol 1989;63:397–400.
[63] Hammarsten J, Lindqvist K. Suprapubic catheter following
transurethral resection of the prostate: a way to decrease the number of urethral strictures and improve the outcome of operations. J
Urol 1992;147:648–52.

S77

[64] Schiotz HA, Malme PA, Tanbo TG. Urinary tract infections and
asymptomatic bacteriuria after vaginal plastic surgery. A comparison of suprapubic and transurethral catheters. Acta Obstet Gynecol
Scand 1989;68:453–5.
[65] O’Kelly TJ, Mathew A, Ross S, Munro A. Optimum method for
urinary drainage in major abdominal surgery: a prospective randomized trial of suprapubic versus urethral catheterization. Br J Surg
1995;82:1367–8.
[65a] McPhail MYW, Abu-Hilal M, Johnson CD. A meta-analysis comparing suprapubic and transurethral catheterization for bladder drainage
after abdominal surgery. Brit J Surg 2006;93:1038–44.
[66] Stelling JD, Hale AM. Protocol for changing condom catheters in
males with spinal cord injury. SCI Nurs 1996;13:28–34.
[67] Ouslander JG, Greengold B, Chen S. Complications of chronic
indwelling urinary catheters among male nursing home patients: a
prospective study. J Urol 1987;138:1191–5.
[68] Elliott DS, Boone TB. Urethral devices for managing stress urinary
incontinence. J Endourol 2000;14:79–83.
[69] Nielsen KK, Walter S, Maegaard E, Kromann-Andersen B. The urethral plug—an alternative treatment of women with urinary stress
incontinence. Ugeskr Laeger 1995;157:3194–7 [in Danish].
[70] Miller JL, Bavendam T. Treatment with the Reliance urinary control
insert: one-year experience. J Endourol 1996;10:287–92.
[71] Sassine AM, Schulman CC. Intraurethral catheter in high-risk patients
with urinary retention: 3 years of experience. Eur Urol 1994;25:
131–4.
[72] Williams G, Coulange C, Milroy EJ, Sarramon JP, Rubben H. The
urolume, a permanently implanted prostatic stent for patients at high
risk for surgery. Results from 5 collaborative centres. Br J Urol
1993;72:335–40.
[73] Nordling J, Ovesen H, Poulsen AL. The intraprostatic spiral: clinical
results in 150 consecutive patients. J Urol 1992;147:645–7.
[74] Petas A, Talja M, Tammela TL, Taari K, Valimaa T, Tormala P. The
biodegradable self-reinforced poly-dl-lactic acid spiral stent compared with a suprapubic catheter in the treatment of post-operative
urinary retention after visual laser ablation of the prostate. Br J Urol
1997;80:439–43.
[75] Nissenkorn I, Slutzker D. The intraurethral catheter: long-term followup in patients with urinary retention due to infravesical obstruction.
Br J Urol 1991;68:277–9.
[76] Carapeti EA, Andrews SM, Bentley PG. Randomized study of sterile versus non-sterile urethral catheterization. Ann R Coll Surg Engl
1994;78:59–60.
[77] Schiotz HA. Antiseptic catheter gel and urinary tract infection after
short-term postoperative catheterization in women. Arch Gynecol
Obstet 1996;258:97–100.
[78] Wilson C, Sandhu SS, Kaisary AV. A prospective randomized study
comparing a catheter-valve with a standard drainage system. Br J Urol
1997;80:915–7.
[79] Kunin CM. Urinary tract infections: detection, prevention and management. 5th ed Baltimore, MD: Williams and Wilkins; 1997. pp.
226–78.
[80] Niel-Weise BS, van den Broek PJ. Urinary catheter policies
for long-term bladder drainage. Cochrane Database Syst Rev
2005;25(1):CD004201.
[81] Edwards LE, Lock R, Powell C, Jones P. Post-catheterization urethral
strictures. A clinical and experimental study. Br J Urol 1983;55:53–
6.
[82] Morris NS, Stickler DJ, Winters C. Which indwelling urethral
catheters resist encrustation by Proteus mirabilis biofilms? Br J Urol
1997;80:58–63.
[83] Sofer M, Denstedt JD. Encrustation of biomaterials in the urinary
tract. Curr Opin Urol 2000;10:563–9.
[84] Stickler DJ. Biomaterials to prevent nosocomial infections: is silver
the gold standard? Curr Opin Infect Dis 2000;13:389–93.
[85] Schierholz JM, Konig DP, Beuth J, Pulverer G. The myth of encrustation inhibiting materials. J Hosp Infect 1999;42:162–3.

S78

P. Tenke et al. / International Journal of Antimicrobial Agents 31S (2008) S68–S78

[86] Brosnahan J, Jull A, Tracy C. Types of urethral catheters for management of short-term voiding problems in hospitalised adults. Cochrane
Database Syst Rev 2004;(1):CD004013.
[87] Johnson JR, Delavari P, Azar M. Activities of a nitrofurazonecontaining urinary catheter and a silver hydrogel catheter against
multidrug-resistant bacteria characteristic of catheter-associated
urinary tract infection. Antimicrob Agents Chemother 1999;43:
2990–5.
[88] Leclair J, Cycan K, Munster A, Neste C, Murphy P. Effect of
a nitrofurazone-impregnated urinary catheter on the incidence of
catheter-associated urinary tract infection in burnt patients. In: 4th
Decennial International Conference on Nosocomial and HealthcareAssociated Infections. 2000.
[89] Darouiche RO, Smith Jr JA, Hanna H, et al. Efficacy of
antimicrobial-impregnated bladder catheters in reducing catheterassociated bacteriuria: a prospective, randomized, multicenter clinical
trial. Urology 1999;54:976–81.
[90] Liedberg HL. Prospective study of incidence of urinary tract infection in patients catheterized with BARD hydrogel and silver-coated
catheters or Bard hydrogel-coated catheters. J Urol 1993;149:405A.
[91] Lundeberg T. Prevention of catheter-associated urinary-tract infections by use of silver-impregnated catheters. Lancet 1986;2:1031.
[92] Ruggieri MR, Hanno PM, Levin RM. Reduction of bacterial adherence to catheter surfaces with heparin. J Urol 1987;138:423–6.
[93] Riedl CR, Witkowski M, Plas E, Pflueger H. Heparin coating reduces
encrustation of ureteral stents: a preliminary report. Int J Antimicrob
Agents 2002;19:507–10.
[94] Tenke P, Riedl CR, Jones GL, Williams GJ, Stickler D, Nagy E.
Bacterial biofilm formation on urologic devices and heparin coating as preventive strategy. Int J Antimicrob Agents 2004;23(Suppl.
1):S67–74.
[94a] Johnson JR, Kuskowski MA, Wilt TJ. Systematic review: antimicrobial urinary catheters to prevent catheter-associated urinary tract
infection in hospitalized patients. Annals of Internal Medicine
2006;144:116–26.
[95] Davis CP, Shirtliff ME, Scimeca JM, et al. In vivo reduction of
bacterial populations in the urinary tract of catheterized sheep by
iontophoresis. J Urol 1995;154:1948–53.
[96] Niel-Weise, BS, van den Broek PJ. Antibiotic policies for short-term
catheter bladder drainage in adults. The Cochrane Library, 2006. The
Cochrane Collaboration, vol. 4, 2006.
[97] Rutala WA, Kennedy VA, Loflin HB, Sarubbi Jr FA. Serratia
marcescens nosocomial infections of the urinary tract associated
with urine measuring containers and urinometers. Am J Med
1981;70:659–63.
[98] Maki DG, Hennekens CG, Phillips CW, Shaw WV, Bennett JV.
Nosocomial urinary tract infection with Serratia marcescens: an epidemiologic study. J Infect Dis 1973;128:579–87.

[99] Schaberg DR, Weinstein RA, Stamm WE. Epidemics of nosocomial
urinary tract infection caused by multiply resistant gram-negative
bacilli: epidemiology and control. J Infect Dis 1976;133:363–6.
[100] Harding CK, Nicolle LE, Ronald AR, et al. How long should catheteracquired urinary tract infection in women be treated? A randomized
controlled study. Ann Intern Med 1991;114:713–9.
[101] Raz R, Schiller D, Nicolle LE. Replacement of catheter improves the
outcome of patients with permanent urinary catheter and symptomatic
bacteriuria. In: 38th Interscience Conference on Antimicrobial Agents
and Chemotherapy (ICAAC). 1998. p. 532.
[102] Zimakoff JD, Pontoppidan B, Larsen SO, Poulsen KB, Stickler DJ.
The management of urinary catheters: compliance of practice in Danish hospitals, nursing homes and home care, to national guidelines.
Scand J Urol Nephrol 1995;29:299–309.
[103] Nicolle LE. The chronic indwelling catheter and urinary infection
in long-term-care facility residents. Infect Control Hosp Epidemiol
2001;22:316–21.
[104] Nicolle LE. Catheter-related urinary tract infection. Drugs Aging
2005;22:627–39.
[105] Peloquin CA, Cumbo TJ, Schentag JJ. Kinetics and dynamics of
tobramycin action in patients with bacteriuria given single doses.
Antimicrob Agents Chemother 1991;35:1191–5.
[106] Warren JW, Anthony WC, Hoopes JM, Muncie Jr HL. Cephalexin for
susceptible bacteriuria in afebrile, long-term catheterized patients.
JAMA 1982;248:454–8.
[107] Sobel JD, Kauffman CA, McKinsey D, Zervos M, Vazquez JA, Karchmer AW, Lee J, Thomas C, Panzer H, Dismukes WE. Candiduria: a
randomized, double-blind study of treatment with fluconazole and
placebo. The National Institute of Allergy and Infectious Diseases
(NIAID) Mycoses Study Group.Clin Infect Dis. 2000;30:19–24.
[108] Jacobs LG, Sidmore EA, Freeman K, Lipschultz D, Fox N. Oral fluconazole compared with bladder irrigation with amphotericin B for
treatment of fungal urinary tract infections in elderly patients. Clin
Infect Dis 1996;22:30–5.
[109] Sobel JD, Lundstrom T. Management of candiduria. Curr Urol Rep
2001;2:321–5.
[110] Jacobs LG. Fungal urinary tract infections in the elderly: treatment
guidelines.
[111] Hamory BH, Wenzel RP. Hospital-associated candiduria: predisposing factors and review of the literature. J Urol 1978;120:444–8.
[112] Bjork DT, Pelletier LL, Tight R. Urinary tract infections with antibiotic resistant organisms in catheterized nursing home patients. Infect
Control 1984;5:173–6.
[113] Ehrenkranz NJ, Alfonso BC. Failure of bland soap handwash to prevent hand transfer of patient bacteria to urethral catheters. Infect
Control Hosp Epidemiol 1991;12:654–62.
[114] Casewell M, Phillips I. Hands as route of transmission for Klebsiella
species. Br Med J 1977;2:1315–7.

