
INTRODUCTION

Catheter-associated urinary tract infection (CAUTI) is one of the 
most common nosocomial infections1) and associated with various uri-
nary tract complications, including minor complications such as catheter 
encrustation and vesicolithiasis, to severe complications that threaten 
lives, such as pyelonephritis2), urosepsis, and septic shock3). The highest 
incidence of CAUTI was found in the elderly male population, with an 
average age of 71.3 years. This cases also is one of the most common 
infections found in intensive care, with a high risk of mortality and 
readmission4). On the other hand, pediatric patients as well as neonates 
are also a population of patients who are at high risk of experiencing 
CAUTI. For example, data from Davis, et al. (2014) showed that the 
risk of CAUTI in children reached 5.41 cases per 1,000 hours of use of 
a urinary catheter in intensive care, even though 65-70% of cases of 
CAUTI could be prevented5).

Several intervention strategies are known to reduce the risk of uri-
nary tract infections in patients who use a urinary catheter6), including 
good hand hygiene before urinary catheter placement, use of asepsis 
techniques7), use of sterile devices8), hand hygiene before and after use 
of the catheter and urine bag, as well as regular evaluation of medical 
indications by removing the catheter as early as possible if it is no lon-
ger indicated2). However, the effectiveness of these interventions has 
generally only been investigated in the adult population, so further 
investigation is needed regarding intervention strategies that can be used 

in pediatric patients and neonates.

METHOD

A systematic literature search was conducted on the PubMed data-
base, the Cochrane Database of Systematic Reviews, Google Scholar, 
and DOAJ (Directory of Open Access Journals). Searches were con-
ducted in English, with keywords related to catheter-related urinary tract 
infection prevention strategies ("strategies to prevent catheter-associated 
urinary tract infection" or "catheter-associated urinary tract infection 
prevention"). The search process can be done using a combination of 
some or all of these keywords, both in the title and abstract of the arti-
cle. Searches are limited to publications since 1999; the age of neonatal, 
infant, and child patients.

Inclusion Criteria
The research designs included in this study were before and after 

studies with or without controls, retrospective and prospective cohort 
studies, interrupted time series analyses, and randomized controlled tri-
als. Research on interventions in adult patients and children is included 
if there are complete data on pediatric patients. Literature review arti-
cles, case series, letters, notes, conference abstracts, and conference arti-
cles are excluded. Research conducted in outpatients, primary health 
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facilities, and long-term health facilities were also excluded.

Article Quality and BIAS Prevention
Article quality assessment is carried out using integrated quality cri-

teria for a systematic review of multiple study designs (ICROMS) tools. 
These tools consists of a list of values that are specific to each research 
design, as well as a list of general values that can be applied to all 
research designs. After each study is assessed, the scores obtained are 
compared with a matrix that identifies the minimum value for each 
study, so that the quality of the study can be determined. Only studies 
that meet the minimum ICROMS criteria will be included in the final 
analysis.

Data collection
Data were extracted using a standardized table that included 

research data, namely the name of the researcher, the year of publica-
tion, the country where the study was conducted, period of study, and 
the study population.

Article analysis
All articles obtained from searches were analyzed through four 

stages. Firstly, the filtering of articles (filtering) based on search key-
words that have been determined. The second stage involves an analysis 
of the title and abstract of the article, based on inclusion and exclusion 
criteria. The next stage includes an overall text analysis based on inclu-
sion and exclusion criteria. Articles that meet the requirements undergo 
an article quality assessment based on the ICROMS checklist, and only 
articles that meet the minimum ICROMS score limit are included in the 
final analysis. The final stage involves the inclusion of cross-references 
in a systematic review or other articles in the previous stages also 
included in the final analysis.

RESULT

Literature searching
A total of 218 articles were found in the initial database search. In 

the data analysis, 212 articles were eliminated, leaving 6 articles for the 
final analysis. Three articles were included based on the results of 
cross-references from a previous systematic review. The literature 
search results are detailed in Table 1 and Figure 1.

Inclusion article 
Four studies analyzed were interrupted time studies, three studies 

analyzed by non-controlled before and after, one was a randomized con-
trolled trial, and one was a retrospective cohort study.

Study population
Four studies used a population of patients undergoing intensive care 

at a pediatric intensive care unit (PICU), four studies used a population 
of all patients treated at a pediatric hospital, and one study was a 
multi-center study at six pediatric hospitals.

Intervention
Study result on 7.461 patients (age range, 1 month to 18 years old) 

are presented in Table 2 which shows that most of the studies analyzed 
used multimodal strategies to prevent catheter-related urinary tract 
infections rather than single intervention. Research by Rosenthal (2012) 

uses a practice bundle consisting of 14 components related to the use 
and care of the catheter, namely education of medical staff about the 
catheter, insertion of the catheter as indicated, the use of alternative 
urine evacuation methods such as condom catheters or in-and-out cathe-
ters, hand hygiene before insertion and catheter manipulation, use of 
catheters with the smallest possible diameter, use of aseptic techniques, 
good catheter care, maintain unobstructed urine flow, maintain urine 
bag levels below Vesica Urinaria (VU), empty urine bags as often as 
possible, regularly clean the external urethral orifice area, and use of 
standardized criteria for CAUTI evaluation9).

Other studies by Esteban (2013) applied four strategies, namely 
aseptic insertion techniques, the use of anti-reflux drainage systems, 
maintaining urine bag levels below the VU, and the use of closed drain-
age systems10). In addition, Brilli (2013) applies a reduction in the dura-
tion of catheter use, standardization of catheter insertion techniques, and 
ensures medical staff compliance with catheter insertion and treatment 
protocols11). These results are also supported by Davis's research (2014) 
which is uses a similar strategy, namely aseptic insertion technique, 
catheter insertion as indicated, catheter treatment with aseptic principle, 
daily evaluation of catheter indication and catheter removal as early as 
possible, and the use of catheter insertion checklist5). 

As a complement, Fetzer's research (2015) revealed that applies a 
multidisciplinary strategy specifically designed to reduce the risk of 
CAUTI, which involves the use of new catheter kits, revised practice 
guidelines for catheter insertion, education, and standardization of nurs-
es’ competencies regarding catheter insertion, using reminders suitable 
with the guidelines, monitoring staff compliance medical according to 
guidelines used, use of pediatric catheter fixation devices, compile 
maintenance guidelines, regularly empty urine bags, use closed drainage 
systems, implement bathing policies for patients, use posters for educa-
tion, post-training, giving education using tutorial video, and use of 
checklists daily target12).

Duzkaya (2016) applies aseptic protocols for catheter insertion and 
removal, cleaning of external urethral orifice with sterile water, use of 
new silicone catheters for each catheter insertion, use of closed drainage 
systems, and daily evaluation of catheter indications. Fukuoka (2018) 
applies a catheter indication check-list, decreases the duration of cathe-
ter use, and removes the catheter as early as possible13).

Another study by Duzkaya (2017) analyzed the effectiveness of a 
single periurethral cleansing strategy using a 10% povidone-iodine solu-
tion or 0.5% chlorhexidine before catheter insertion14), while Zavalkoff 
(2015) applies a physician safety champion whose task is to evaluate the 
safety of catheter use in PICU patients15).

Outcome
Surprisingly, six studies reported a significant reduction in CAUTI 

risk. On the other hand, two studies showed no change in CAUTI risk, 
and one study reported an increased risk of CAUTI that was associated 
with the duration of catheter use.

BIAS Risk
The risk of bias for each study is included in Table 3. Types of bias 

evaluated in this review are the generation of randomization selection 
(selection bias), concealment of allocation (selection bias), blinding for 
participants and personnel (performance bias), blinding of assessments 
results (detection bias), incomplete result data (attrition bias), selective 
reporting (reporting bias), and other biases.

DISCUSSION

Based on literature searches, there are only a small number of stud-
ies that specifically evaluate the effectiveness of CAUTI prevention 
strategies in children and neonates. These prevention intervention strate-

Table 1: Literature searching result 
 PubMed Scholar Cochrane DOAJ Cross reference Total

Relevant 2 3 1 0 3 9
Irrelevant 58 140 5 4 0 207
Incomplete 0 0 2 0 0 2
Total 60 143 8 4 3 218
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Table 2: Strategy and intervention to prevent CAUTI in pediatric and neonates
Author, Year, Country Design Setting Size Intervention component Key search

Fukuoka, et al., 2018,  Retrospective  Single-center,  1.296 ●	 Check-list for catheterization indications ●	 Every day the use of a urine catheter 
Japan cohort PICU  ●	 Decreased duration of catheter use 	 increases the risk of CAUTI by 5%
	 	 	 	 ●	 Catheter removal as early as possible

Duzkaya, 2017,  RCT Single-center,  122 Periuretral cleansing with povidone-iodine  ●	 There was no statistically significant dif-
Turkey  PICU  10% or 0.5% chlorhexidine  ference in the incidence of CAUTI in the  
       three groups (p = 0.08)

Duzkaya, 2016,  NCBA Single-center,  390 ●	 Aseptic protocols for catheter insertion  ・ Decrease in CAUTI cases from 5.8 to 1.6 
Turkey  PICU  and removal  per 1,000 UC days (p < 0.01)
    ●	 Cleansing external urethral orifice with  ・ There is no difference in colonization or 
     sterile water  contamination before and after the inter-
    ●	 Use of a new silicone catheter with a   vention
     closed drainage system 
    ●	 Daily evaluation of catheter indications

Fetzer, et al., 2015,  NCBA Single-center,  75 ●	 Standardization of insertion techniques ●	 Decrease in CAUTI cases from 1.3 to 0.6 
US	 	 Pediatric 	 	 ●	 Aseptic catheter treatment  per 1,000 UC days
	 	 hospital	 	 ●	 Educate medical staff about the catheter
	 	 	 	 ●	 Use of new catheterization kits / kits

Zavalkoff, 2015,  ITS Single-center,  730 ●	 Urinary catheter insertion as indicated ●	 A decrease in device utilization ratio of 
Canada	 	 PICU	 	 ●	 Aseptic insertion techniques  17% before and after implementation of 
	 	 	 	 ●	 Insertion check-list  the clinical champion
	 	 	 	 ●	 Catheter treatment with aseptic principle ●	 There was no change in CAUTI events 
	 	 	 	 ●	 Daily evaluation of catheter indications  before and after the implementation of the 
     and catheter removal as early as possible  intervention

Davis, 2014,  ITS Single-center,  44 ●	 Urinary catheter insertion as indicated ●	 Decrease in CAUTI cases from 5.41 to 
US  Pediatric   ●	 Aseptic insertion techniques  2.49 per 1,000 UC days (rate reduction by
  hospital  ●	 Insertion check-list  50%)
    ●	 Catheter treatment with aseptic principle ●	 There is no change in device utilization 
    ●	 Daily evaluation of catheter indications   ratio
     and catheter removal as early as possible  

Brilli, 2013, US ITS Single-center,  76 ●	 Reduction in duration of catheter use ●	 A statistically significant reduction in the 
  All patients  ●	 Standardization of insertion techniques  incidence of CLABSI, CAUTI and surgi-
    ●	 Compliance with catheter insertion and   cal site infections
     treatment protocols ●	 Overall reduction in hospital mortality 
    ●	 Compliance with catheter insertion and   from 1.0% to 0.75% (p < 0.001)
     treatment protocols

Esteban, 2013,  ITS Single-center,  851 ●	 Aseptic insertion techniques ●	 Decrease in CAUTI cases from 23.3 to 
Spain	 	 All patients 	 	 ●	 Use of anti-reflux drainage systems  5.8 per 1,000 UC days (p < 0.001)
	 	 	 	 ●	 Maintain urine bag level below the vesica  ●	 Overall reduction in nosocomial infec-
     urinaria  tions from 32.8 to 12.5 per 1,000 patient 
	 	 	 	 ●	 Closed drainage system  days

Rosenthal, et al. 2012,  NCBA Multi-center,  3.877 ●	 Educate medical staff about the catheter ●	 Decrease in CAUTI cases from 5.9 to 2.6 
Argentina  Pediatric   ●	 Catheter insertion as indicated  per 1,000 UC days (rate reduction of
	 	 hospital	 	 ●	 Use of alternative urine evacuation   57%)
     methods
	 	 	 	 ●	 Hand hygiene before insertion and 
     catheter manipulation
    ●	 Use a catheter with the smallest possible 
     diameter
    ●	 The use of aseptic techniques
    ●	 Good catheter care
    ●	 Maintain uninterrupted flow of urine
	 	 	 	 ●	 Maintain urine bag level below the vesica 
     urinaria
	 	 	 	 ●	 Empty the urine bag as often as possible
	 	 	 	 ●	 Clean the external urethral orifice area 
     regularly
	 	 	 	 ●	 Use of standardized criteria for CAUTI 
    evaluation

CAUTI = catheter-associated urinary tract infection, CLABSI = central line associated bloodstream infection, hari UC = Urinary catheter duration, ITS = interrupted time series, NCBA = 

non-controlled before-and-after study, RCT = randomized controlled trial
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Table 3: Risk of BIAS on each study
   

Random 
  Blinding in    

 Author, Year, sequence  
 Allocation  personal  Blinding for  Uncomplete  Selective 

 Country generation
 concalment  identity  final analyzer  data (attrition  reporting  Other bias 

  
(selection bias)

 (selection bias) (performance  (detection bias) bias) (reporting bias)
    bias)   

Fukuoka, 2018  ++ + ++ + + ++ +

Duzkaya, 2017 + ++ +++ ++ + + +

Duzkaya, 2016  +++ +++ +++ + + + +

Fetzer, 2015 +++ +++ +++ ++ + ++ +

Zavalkoff, 2015 + + +++ + + + +

Davis, 2014  ++ + +++ +++ +++ + +

Brilli, 2013 ++ ++ ++ ++ +++ + +

Esteban, 2013 ++ ++ +++ + +++ ++ +

Rosenthal, 2012  +++ +++ +++ ++ + ++ +

Tabel 4: Interpretation of every study
 Author, Year Intervention Intervention component Result and Interpretation CAUTI reduction risk 

Fukuoka, 2018 Multimodal Strategy ●	 Check-list for catheterization  Longer duration of urethral catheterization in children  No
   indications in the PICU increased the risk of CAUTI by 5% per 
  ●	 Decreased duration of catheter  day. A previous report on children in a ward 
   use comparing 50 CAUTI cases and 100 control cases 
  ●	 Catheter removal as early as  (odds ratio, 1.08; 95% CI, 1.01-1.15) found a similar 
   possible risk associated with longer urethral catheterization.

Duzkaya, 2017 Single Intervention Periurethral cleansing with  No statistically significant difference (p = 0.08) in  No
  povidone-iodine 10% or 0.5%  CAUTI occurrence when we compared periurethral 
  chlorhexidine cleansing using 10% povidone-iodine, 0.05% 
    chlorhexidine gluconate, and sterile water. Sixteen 
    percent of the patients whose periurethral area was 
    cleansed with povidone-iodine versus 18% of those 
    cleansed with sterile water were described as having a 
    CAUTI; analysis revealed no statistically significant 
    differences between the groups. Choice of cleansing 
    substance used prior to indwelling catheterization 
    does not significantly influence the risk for CAUTIs. 

Duzkaya, 2016  Multimodal Strategy ●	 Aseptic protocols for catheter  The incidence of CAUTI after implementation of the  Yes
   insertion and removal CAUTI prevention bundle was 1.5% (n = 6). The 
  ●	 Cleansing external urethral  CAUTI rate was found to be 1.8 per 1000 urinary 
   orifice with sterile water catheter days When this result was compared with the 
  ●	 Use of a new silicone catheter  preimplementation of the CAUTI prevention bundle, 
   with a closed drainage system the difference in CAUTI rates was statistically 
  ●	 Daily evaluation of catheter  significant (P = 0.001)
   indications

Fetzer, 2015  Multimodal Strategy ●	 Standardization of insertion  In 2013---2014, the CAUTI annual rate was 1.3  Yes
   techniques infections per 1000 catheter days. To date in 2015, the 
  ●	 Aseptic catheter treatment rate is 0.6 infections per 1000 catheter days. In 
  ●	 Educate medical staff about the  addition to reduction in our CAUTI rate, we achieved 
   catheter 193 days between infections with implementation of 
  ●	 Use of new catheterization kits /  comprehensive strategy to decrease CAUTIs.
   kits 

Zavalkoff, 2015 Adopt physician  ●	 Urinary catheter insertion as  Comparing the exposed and unexposed periods,  No
 safety champion   indicated adjusting for time trend, we observed a 17% decrease 
 (PSC) ●	 Aseptic insertion techniques in the catheter DUR (Device Utilization Ratio) when 
  ●	 Insertion check-list he safety champion or CAUTI prevention intervention 
  ●	 Catheter treatment with aseptic  twas present (odds ratio [OR] 0.83; 95%CI 0.77---
   principle 0.90). There was was no significant change in our 
  ●	 Daily evaluation of catheter  CAUTI rate throughout the study period
   indications and catheter removal  
   as early as possible 
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gies in children and neonates are generally based on recommendations 
and practices that have been applied to adult patients. The evaluation of 
the effectiveness of CAUTI risk reduction from several studies is listed 
in Table 4 along with the components of the intervention carried out.

In general, research that shows a reduction in the number of CAUTI 
events implements a multimodal strategy with three or more compo-
nents. Rosenthal (2012) demonstrated after implementation a practice 
bundle for CAUTI prevention that consist of 14 components, the rate of 
CAUTI decreased to 2.6 cases per 1,000 Urinary Cathether-days (rela-
tive risk, 0.43 [95% confidence interval, 0.21-1.0]), indicating a rate 
reduction of 57%. Implementing a multidimensional infection control 
approach is associated with a significant reduction in the CAUTI rate of 
PICUs9). In addition, Davis (2004) demonstrated if the implementation 
of the CAUTI prevention bundle was associated with a 50% reduction 
in the mean monthly CAUTI rate (95% confidence interval: 21.28 to 
20.12; P = .02) from 5.41 to 2.49 per 1000 catheter-days5). These results 
are also supported by Duzkaya (2016) researchs which is the incidence 
of CAUTI after implementation of the CAUTI prevention bundle was 
1.5% (n = 6). When this result was compared with the preimplementa-
tion of the CAUTI prevention bundle, the difference in CAUTI rates 
was statistically significant (P = 0.001). A systematic review that had 
been carried out previously by da Silva, et al. (2018) outlines several 
widely used strategic components6), including the use of aseptic inser-
tion techniques, including the use of aseptic insertion techniques, the 
use of aseptic manipulation techniques, good catheter care, the use of 

pre-insertion checklists and evaluation of catheter indications, and 
reducing the duration of catheter use.

Catheter-associated urinary tract infection is one of the most com-
mon nosocomial infections2,16). Around 80% of patients undergoing 
intensive care with indwelling catheters will experience CAUTI during 
treatment16). The risk of CAUTI increases with increasing catheter use, 
with the risk approaching 100% after 30 days1). Study by Fukuoka 
(2018) demonstrated that longer duration of urethral catheterization in 
children in the PICU increased the risk of CAUTI by 5% per day13). In 
addition, Brilli (2013) that applies a reduction in the duration of catheter 
use, demonstrated catheter-associated urinary tract infection decreased 
from 76 in 2009 to 50 in 2012, but the decrease was not statistically sig-
nificant (P > 0.01)11). Catheter-associated urinary tract infection can 
occur through extraluminal and intraluminal infections2). Extraluminal 
infections occur ascending, in which microorganisms form biofilms on 
the outer surface of the catheter3), whereas intraluminal infections origi-
nate from urine bags, and microorganisms enter the urinary tract 
through urine reflux. This infections are difficult to prevent because 
they generally originate from endogenous microorganisms, while con-
tamination of the drainage system is the most common cause of intralu-
minal infection2). Thus, aseptic procedures, both when insertion, manip-
ulation, and removal of the catheter become the most important compo-
nent to prevent CAUTI.

The high events of infection require special attention and it is 
important to practice hands hygiene. Hygiene practices by washing 

Davis, 2014  Multimodal Strategy ●	 Urinary catheter insertion as  Implementation of the CAUTI prevention bundle was  Yes
   indicated associated with a 50% reduction in the mean monthly 
  ●	 Aseptic insertion techniques CAUTI rate (95% confidence interval: 21.28 to 20.12;
  ●	 Insertion check-list P = .02) from 5.41 to 2.49 per 1000 catheter-days. 
  ●	 Catheter treatment with aseptic  The median monthly catheter utilization ratio 
   principle remained unchanged; ~90% of patients had an 
  ●	 Daily evaluation of catheter  indication for urinary catheterization
   indications and catheter removal  
   as early as possible 

Brilli, 2013  Multimodal Strategy ●	 Reduction in duration of catheter  Catheter-associated urinary tract infection decreased  Yes
   use from 76 in 2009 to 50 in 2012, but the decrease was 
  ●	 Standardization of insertion  not statistically significant (P > 0.01) .
   techniques 
  ●	 Compliance with catheter  
   insertion and treatment protocols 

Esteban, 2013  Multimodal Strategy ●	 Aseptic insertion techniques The CAUTI rate was significantly lower in the  Yes
	 	 ●	 Use of anti-reflux drainage  intervention period than in the preintervention period 
   systems (5.8/1,000 vs 23.3/1,000 UC-days; p < 0.001). CAUTI
	 	 ●	 Maintain urine bag level below  rates also decreased dramatically (77%) after 
   the vesica urinaria intervention.
  ●	 Closed drainage system  

Rosenthal, 2012  Multimodal Strategy ●	 Educate medical staff about the  After implementing the multidimensional infection  Yes
   catheter control approach for CAUTI prevention, the rate of 
  ●	 Catheter insertion as indicated CAUTI decreased to 2.6 cases per 1,000 UC-days 
  ●	 Use of alternative urine  (relative risk, 0.43 [95% confidence interval, 0.21-
   evacuation methods 1.0]), indicating a rate reduction of 57%. 
  ●	 Hand hygiene before insertion  Implementing a multidimensional infection control 
   and catheter manipulation approach is associated with a significant reduction in 
  ●	 Use a catheter with the smallest  the CAUTI rate of PICUs in developing countries.
   possible diameter 
  ●	 The use of aseptic techniques 
  ●	 Good catheter care 
  ●	 Maintain uninterrupted flow of  
   urine 
  ●	 Maintain urine bag level below  
   the vesica urinaria 
  ●	 Empty the urine bag as often as  
   possible 
  ●	 Clean the external urethal orifice  
   area regularly 
  ●	 Use of standardized criteria for  
   CAUTI evaluation 
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hands with soap and water must be carried out as soon as possible 
before and after insertion, manipulation, and removal of the catheter. In 
addition, it is necessary to clean the periurethral areas using an antisep-
tic solution, including povidone-iodine 10% or 0.5% chlorhexidine14). 
Duzkaya (2017) demonstrated about 16% of the patients whose periure-
thral area was cleansed with povidone-iodine versus 18% of those 
cleansed with sterile water were described as having a CAUTI, but there 
is no statistically significant (p = 0.08) difference in CAUTI occurrence 
when we compared periurethral cleansing using 10% povidone-iodine, 
0.05% chlorhexidine gluconate, and sterile water14). Other practices rec-
ommended for preventing reflux or colonization of the catheter include 
maintaining obstruction-free urine flow through good fixation, main-
taining urethral hygiene through bathing or cleaning the urethra with 
povidone-iodine or soap, using a catheter with the smallest diameter, 
and placing the urine bag at a lower position than VU.

Urinary catheterization should be avoided unless there are clear 
medical indications, and removal of the catheter must be done as early 
as possible after medical indications are no longer found. Medical indi-
cations for urinary catheter placement include urinary tract obstruction, 
urinary retention, ulcer decubitus, incontinence, need for monitoring 
urinary volume, neurogenic bladder, as well as surgery and trauma to 
the pelvis17). Evaluation of medical indications for medical installation 
must be done regularly. Some studies recommend evaluation of indica-
tions every day5,15,18), and two studies applying the use of medical indica-
tion checklists5,13). If medical indications are not found, the catheter is 
removed as soon as possible.

In addition to aseptic and as indicated medical practices, an equally 
important aspect in CAUTI prevention is continuous evaluation and 
reporting on the effectiveness of interventions. Zavalkoff (2015) strategy 
is to apply a doctor appointed as a physician safety champion (PSC) to 
determine the indications for catheter placement, determine the removal 
of the catheter as early as possible, monitor the CAUTI events, and pro-
vide feedback and routine follow-up to the medical team treating patients. 
Even though the strategy does not affect the CAUTI incidence rate, the 
application of the PSC can reduce the device utilization ratio by 17%, as 
well as reduce the risk of using a catheter that is not as indicated15).

CONCLUSION

The literature currently available supports the effectiveness applica-
tion of multimodal strategies rather than single intervention to prevent 
the occurrence of CAUTI in pediatric and neonatal populations treated 
with the use of indwelling catheters. An ideal multimodal strategy must 
be comprehensive and involve the use of aseptic catheterization equip-
ment and techniques, the use of aseptic catheter treatment methods, reg-
ular evaluation of catheter indications, and removal of the catheter as 
early as possible. The development and application of new guidelines or 
bundles to catheterization must be evaluated and reported periodically. 
Overall, further development is still needed in the field of prevention of 
catheter-related urinary tract infections, especially in pediatric and neo-
natal populations.
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