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ABSTRACT

Catheter-associated urinary tract infections (CAUTI) are among the most
common healthcare-associated infections, arising from biofilm-forming
bacteria and cause increased morbidity, mortality, length of stay and
hospital costs.

The linear model of the microbial theory of disease has failed to solve
CAUTL. It was hoped that, knowing the nosological diagnosis (urinary tract
infection), the cause (bacteria) and its treatment (antibiotic), the cure would
be simple.

However, the prevention and treatment of CAUTI imposes challenges, which
can only be addressed, if it is understood that CAUTI is a complex entity
where different actors and multiple factors interact, in various settings.

The objective of this article is to review the intervention of different actors
and elements in the prevention of CAUTI, focusing on the assessment of the
complexity of preventing CAUTI and bacterial biofilm.

The unnecessary use of indwelling urethral catheter is the primary risk factor
for CAUTI, so the use of the catheter with appropriate indications, its proper
insertion and maintenance, and its rapid removal are recommended.

In selected patients, alternatives to indwelling urethral catheterization, such
as the male external catheter and the prostatic stent, may be considered,
although they are not without complications.

The health care setting should be considered in the design of prevention
strategies. CAUTIs in intensive care units are associated with increased
lengths of stay, healthcare costs and antibiotic resistance development.

In the twenty-first century, the proportion of older people tends to increase
globally, which adds value to the fact that elder age is a significant risk
factor for CAUTI.

Biofilm is the central factor in the pathogenesis of CAUTI. Various antibiofilm
strategies have been designed because once biofilms are formed, they are
difficult to treat. Biomedical technology continuously introduces new
antifouling and antibacterial materials for urethral catheter coating. The
efficiency of the different coatings is proven in vitro, in animal models, and
clinical trials. However, its application in clinical settings has not been
satisfactory.

Education should include both patients and their families and/or caregivers
as well as health personnel. Patient and family participation is necessary in
the patient’s care. It is important to consider the values, attitudes, and beliefs
of health personnel, which will impact clinical practice.

The overload of work of health personnel and inadequate and/or
insufficient infrastructure are added as barriers to adherence to prevention
recommendations.

Therefore, it is necessary to address and optimize the complexity of CAUTI
care, through a multimodal and multidisciplinary intervention, which
minimizes its incidence and complication
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Introduction

In 1500 B.C. an ancient Egyptian papyrus described the
use of a urethral catheter (UC) to relieve urinary
retention!. Currently, the use of long-term indwelling
urethral catheters is a basic need in inpatient care2.
Approximately 20% of hospitalized patients have a
urethral catheter at any given time3.

The global urethral catheter market size was estimated
at USD 5,229.6 million in 2022 and is projected to reach
USD 8,060.9 million by 2030, growing at a compound
annual growth rate of 5.4% from 2023 to 2030. In terms
of region, North America was the highest revenue-
generating market in 20234,

Urinary Tract Infections are the most common type of
healthcare-associated infection, accounting for more than
30% of infections reported by acute care hospitalss. The
insertion of a urethral catheter allows bacteria to colonize
the wurinary tract, promoting infection. Catheter-
associated urinary tract infections (CAUTI) are among the
most common healthcare-associated infections, arising
from biofilm-forming bacteria. They cause increased
morbidity, mortality, length of stay, and hospital costs®.
CAUTIs are the main cause of bacteremia associated with
secondary health care’.

In USA, 1.3 CAUTI per 1000 UC-days were reported. The
length of stay was 6.57 days for patients without health
care—associated infections and 24.41 days for those with
CAUTI. The mortality rates were 14.06% for patients
without urethral catheter and 31.14% for those with
CAUTI8. The costs associated with each CAUTI were
USD$1006 per case?.

Although research activities dedicated to CAUTI are
advancing, a permanent solution to this problem has not
yet been found. The evaluation and management of
CAUTI presents significant complexity due to the
intervention of different actors, such as the patient and
health professionals and administrators, and multiple
factors from vurethral catheters and antibiotics to
available resources. Each of these elements has different
particularities. Adding to this complexity is the fact that
CAUTI can occur in a variety of settings, including
intensive care, long-term care, outpatient and trauma
settings, each with unique risk factors and contributing
factors.

Despite the publication of several studies and guidelines
on CAUTI and bacterial biofilms, many challenges remain
regarding their prevention and treatment.

This article aims to review every element involved in the
production of CAUTI and biofilms to equip healthcare
providers with the most effective and innovative
approaches on how to address and optimize the
complexity of CAUTI care, leading to minimizing its
incidence and complications.

CAUTI: Definition

Different definitions of CAUTlI have been used in
research, which makes meta-analyses difficult and
prevents us from assessing the quality of the evidence in
the literature. Some of them include asymptomatic
bacteriuria, which is not a clinical infection. This can lead
to an overestimation of CAUTI rates and possible
misallocation of resources.

The National Health Care Safety Network (NHSN)
revised the criteria for defining urinary tract infection
(UTI1) surveillance. It considers CAUTI to be a symptomatic
urinary tract infection in a patient who has had
permanent urethral catheter for more than two
consecutive days at a hospitalization site on the date of
the eventl0,

Along these lines, the diagnosis of CAUTI requires:

1) Positive urine culture with no more than two species
of organism, at least one of which is a bacterium of
> 105 CFU/ml. All elements of the UTI criterion must
occur during the Infection Window Period. If none of
the organisms present at > 105 CFU/ml are bacteria,
it's excluded.

2) Had un indwelling UC that had been in place for >
two days and was either:

a) still present for any portion of the calendar day
on date of event or

b) removed day before date of event.

3) At least one of the following signs of symptoms:

a) Any age patient: fever (>38.0°C), hypothermia
(<36.0°C); or suprapubic tenderness, or
costovertebral angle pain, with no other
recognized cause; or urgency, dysuriq,
frequency (these symptoms cannot be used
when UC is in place).

b) Patients <1 year of age: fever (>38.0°C),
hypothermia  (<36.0°C); or suprapubic
tenderness, costovertebral pain, apneaq,
bradycardia, lethargy, or vomiting, with no
other recognized cause®.

Urethral Catheter & CAUTI

The urethral catheter plays a leading role in the
prevention of CAUTI. Its placement should be justified by
an appropriate clinical indication: acute urinary retention,
chronic urinary retention without bladder outlet
obstruction, accurate measurement of urinary output in
critically ill patients, perioperative use for selected
surgical procedures, assistance in the healing of stage llI
and |V perineal and sacral wounds in incontinent patients,
palliative care. The urethral catheter should be removed
quickly once it is no longer neededé10.11,

In routine clinical practice, the professional should select
the catheter and drainage system that fits the indication.
Consider the material, design, caliber, length, and the
ball's capacity. Care should be taken with the techniques
for insertion and removal of the catheter with adequate
hand hygiene. All procedures must be recorded in
writing'2.
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paraphimosis.

The evidence-based European Association of Urology
recommends: treating symptomatic CAUTI according to
recommendations for complicated Urinary Tract
Infections; perform a urine culture before starting
antibiotic treatment in catheterized patients who have
had their catheter removed; not medicating
asymptomatic catheter-associated bacteriuria; treat
catheter-associated asymptomatic bacteriuria prior to
traumatic urinary tract interventions (e.g., transurethral
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Figure 3: Latex foley urethral cathete

Urethral catheter: Alternatives

In selected patients, alternatives to indwelling urethral
catheterization, such as the male external catheter, may
be considered. This external catheter is not a true
catheter, it is a simple sheath that is placed over the penis,
and it has a drainage tube that allows urine to pass into
a storage bag fastened around the leg. The male
external catheter is also known as a: condom catheter. It
may be appropriate for cooperative men without urinary
retention or bladder outlet obstruction who are not

Figure 1: After catheter insertion, réplqce the foreskin at the
end of the procedure to prevent the development of a
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Figure 2: Urethral stricture due to insufficient
lubrication of the catheter and urethra at the start
of insertion.

resection of the prostate); replace or remove the catheter
before starting antibiotic treatment; do not apply topical
antiseptics or antibiotics to the catheter, the urethra or
meatus; not using prophylactic antibiotics to prevent
CAUTI; not routinely using antibiotic prophylaxis to
prevent clinical urinary tract infections after catheter
removal'3. The use of silicone catheters is associated with
a lower risk of incrustation in indwelling catheterization'4.
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expected to frequently manipulate the urinary catheter
because of behavioural problems such as delirium.
External catheters are especially useful for the treatment
of incontinence in cooperative elderly male patients with
dementia. They are better tolerated than the urethral
catheter. However, irritative, allergic, and compressive
complications related to the use of a male external
catheter have been reported’s. Routine care of condom
catheters is important to prevent complications, which can
be serious such as penile necrosis’s.

© 2025 European Society of Medicine 3
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Figure 4: Penile necrosis caused Aby the prolonged constrictor effect of the adhesive binding band of the condom catheter.

The urethral stent is a self-expanding steel mesh that
opens the urethral lumen. It is a procedure under vision,
outpatient, with little or no bleeding and does not require
a urethral catheter, the patient urinates immediately
after stent implantation'®. It can be considered as an
alternative to the indwelling urethral catheter in selected

patients with bladder outlet obstruction. It's a very good
option in elderly patients with benign prostatic
hyperplasia, chronic retentionists and with high surgical
risk with multiple pathologies and polypharmacy or who
refuse surgery'’.

Figure 5: Permanent prostatic stent inserted into the male urethra.

CAUTI & Health Care Settings

The health care setting should be considered in the design
of CAUTI prevention strategies. This can be an acute
hospital, a long-term care facility, a post-acute care
facility, or an outpatient setting. In the same hospital there
are different healthcare settings, e.g. intensive care units,
acute care wards!018,

A meta-analysis has been published concluding that
CAUTIs in intensive care units are associated with
increased lengths of stay, healthcare costs and antibiotic
resistance development!?. Another meta-analysis reports
that, in the intensive care unit, the infection rates are 3—5
times higher than other hospital patient care areas and
the incidence of CAUTI is 7.78 per 1000 catheter days20,
In a US study, a mean of 3.2 urinary tract infections per
1000 catheter days was reported in long-term care
facilities?'.

CAUTI & Age

A retrospective cohort and case-control study with 3598
eligible patients reported that CAUTI usually occurs in

hospitalized pediatric patients. Pediatric outpatient
CAUTI occur in 18% of patients with catheters; are
associated with morbidity and health care utilization22.

The twenty-first century is characterized by a global and
unprecedented phenomenon of population aging, driven
by the decline in the birth rate and the increase in life
expectancy. Elder age is a significant risk factor for
CAUTIZ23-2¢, |n a case-control study, CAUTI occurred in 182
of 7295 elderly hospitalized patients, and the infection
rate was 3.4/per 1000 catheter days. Urine pH > 6.5,
moderate dependence or severe dependence in the
classification of self-care ability, age =74 years, male
sex, hospitalization>14 days, indwelling urinary
catheter > 10 days, diabetes and malnutrition were
independent risk factors for CAUTIZ.

CAUTI & Biofilms

Biofilm formation on the urethral catheter is a key aspect
in the pathogenesis of CAUTI. Biofilms were first
described by Antonie van Leeuwenhoek. Using his
groundbreaking microscopes, in the 17th century, he
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observed the presence of communities of microbes that
he called the "animalcules” in the plaque of his own teeth.
In the 20th century, numerous papers were written about
microbial films.

The first use of "biofilm" in a publication is from the
journal Microbial Ecology in 197528, The importance of
biofilms was recognized by the American Society for
Microbiology in 19932°. In 1999, Costerton et al.
described biofilm as an organized population of
microbes encased in a polymeric matrix produced by the
microbe that attaches to a surface30. His scientific
contributions were joined by those of Dr. Characklis,
which led to the opening of the Center for Biofilm
Engineering at Montana State University in 19903!. Since
then, the field of biofilm research has experienced a huge
boom. Numerous research laboratories around the world
study biofilms. In recent decades, the definition of biofilm
has been modified.

At the beginning of the twenty-first century, Dolan and
Coleman propose a new definition of a biofilm: it is a
microbially derived sessile community characterized by
cells that are irreversibly attached to a substratum or
interface or to each other, are embedded in a matrix of
extracellular polymeric substances that they have
produced and exhibit an altered phenotype with respect
to growth rate and gene transcription32,

Biofilm Formation

The formation of biofilms is a complex multifactorial
phenomenon that generally develops in stages. First,
organic, inorganic and cellular components, which are
found in the environment surrounding the urethral
catheter, are deposited on it. Bacteria migrate to the
catheter and interact with this surface through
appendages, attractive forces, or adhesins. Reversible
fixation occurs through non-specific physical interactions.
This initial attachment of bacteria to the catheter allows
for subsequent irreversible adhesion to the catheter
surface. Bacteria proliferate rapidly and form
microcolonies.  Simultaneously, gene expression is
activated for components needed for a biofilm matrix,
such as polysaccharides, proteins, eDNA, and lipids. The
cells continue to proliferate, and additional surrounding
planktonic cells are also incorporated into the biofilm. The
biofilm increases in thickness and transforms into a mature
biofilm with a three-dimensional arrangement, called a
"mushroom" structure. Water-filled channels are formed
in the biofilm that allow for the transport of nutrients,
signalling molecules, and waste removal. Once the biofilm
is mature, planktonic bacteria break away from the
biomaterial, migrate and colonize new surfaces,
spreading the infection33.

Biofilm & Antibiotic Resistance

Biofilm is responsible for antibiotic resistance, one of the
top ten threats to global public health34. The bacteria
resident in the biofilm are protected by the matrix of
extracellular polymeric substances. They have greater
tolerance to antibiotics and greater resistance to the
immune system compared to free-floating bacteria. They
tolerate up to 1000 times more concentration of
antibiotics than planktonic ones35.

Numerous studies are devoted to the study of biofilm
formation. An in vitro model of the catheterized urinary
tract has been presented, which replicates the closed
drainage system of the catheter as used in clinical
practice, whose purpose is to facilitate the study of CAUTI
and the catheter biofilm under representative
conditions3¢, Microfluidics-based research is being
applied to understand the dynamic mechanism of
bacterial adhesion and biofilm development3”.  Some
authors criticize the concept that the indwelling catheter
assumes a passive role as a conduit between the outside
world and the sterile bladder environment. They suggest
that a patient's basal urogenital microbiota may
predispose them to the development of CAUTI3S,

Antibiofilm Strategies

Various antibiofilm strategies have been designed
because once biofilms are formed, they are difficult to
treat3?40, Biomedical technology continuously introduces
new antifouling and antibacterial materials for the
urethral catheter coating4!, to prevent microbial
attachment, or antimicrobial effect, respectively.

The efficiency of the different coatings is proven in vitro,
in animal models of CAUTI, and clinical trials.
Unfortunately, Andersen and Flores-Mireles' question
remain unanswered: why do such promising coatings that

come out of research fall short when translated to the
bedside?42

Antimicrobial Coatings

The mechanism of action of antimicrobial coatings would
be the inhibition of the synthesis of nucleic acids and
proteins involved in the synthesis of the cell wall of the
bacterium. Various materials have been used, e.g. metals,
antibiotics, nitric  oxide, antimicrobial peptides,
bacteriophages y natural bioactive molecules43.

Nanoparticles have been used to deliver metals, such as
silver44, gold4>, copper4®, zinc¥’. Recently, an
antibacterial and antibiofilm coating with nanogel has
been designed that encapsulates a mimetic ceragenin of
the synthetic broad-spectrum antimicrobial peptide
(CSA-131). In vitro and in vivo assays showed that the
coating provided antimicrobial and antibiofilm activity
for up to 7 days of catheterization, along with catheter
lubricity, without toxic effects48. Another study reports the
synthesis of biocompatible silver nanoparticles
immobilized in carboxymethyl chitosan. In vivo
experiments  revealed its  superior  antibiofilm
performance in urinary catheters implanted in rat
bladders49.

Antifouling Coatings

Antifouling coatings prevent bacteria from adhering to
the surface of the urethral catheter, which prevents the
formation of biofilms. Unlike antimicrobial coatings,
antifouling coatings do not harm bacteria but repel them.
These antifouling properties of the material are achieved
with physicochemical modifications of the polymers. The
most mentioned are those coated with hydrogels, whose
hydrophilic structure reduces bacterial growth3°. Other
antifouling materials that can coat UC are poly
(tetrafluoroethylene)44, polyzwitterions3!, and poly
(ethylene glycol)>2and enzymatic coatings3.

© 2025 European Society of Medicine 5



CAUTI & Education

Education should include both patients and their families
and/or caregivers as well as health personnel.
Communication with the patient and/or their relatives or
caregivers is very important. The patient should know why
a catheter is placed, what the procedure is like, and how
to care for it. His privacy must be respected, in an
appropriate environment and all their concerns must be
listened to.

With the right scaffolding, professionals can prepare
themselves, both in content and skills, to handle the
complexity of CAUTI, in a learning environment34.
Lectures can be organized on indications for urethral
catheter, strategies to reduce its use, information about
CAUTI and alternatives to indwelling catheter. Staff
should be trained in both urethral catheter insertion,
maintenance, and removal procedures. Simulation
training and case-based education are useful tools.
Likewise, daily patient monitoring, electronic reminders,
and urinary retention protocol are resources that require
adequate training33.

It is important to consider the values, attitudes, and beliefs
of health personnel, which will impact clinical practice’é.
The overload of work of health personnel and
inadequate and/or insufficient infrastructure are added
as barriers to adherence to prevention
recommendations57.

Different types of evaluations can be carried out,
including design, institutional, process, product, outcome
and impact evaluations. The evaluation is an opportunity
to obtain useful information to reorient the management
of CAUTI prevention. It can be inserted at the beginning,
in the course or at the end of the process. The intention is
always to contribute to the success of prevention
programs.

The alternatives for evaluating performance are diverse.
Critical incident assessment, Objective Structured Clinical
Examination and check list can be used>8.

CAUTI & Prevention Programs

Prevention programs are multidimensional approach and
typically include bundles with sets of evidence-based
practices, education, CAUTI surveillance, monitoring
compliance with recommendations to prevent CAUTI,

internal reporting of CAUTI rates, and performance
feedbacks?.

Conclusions

CAUTI are among the most common healthcare-
associated infections. The linear model of the microbial
theory of disease has failed to solve CAUTI. It was hoped
that, knowing the nosological diagnosis (urinary tract
infection), the cause (bacteria) and its treatment
(antibiotic), the cure would be simple.

However, the prevention and treatment of CAUTI imposes
challenges, which can only be addressed, if it is
understood that CAUTI is a complex entity where
different actors and multiple factors interact, in various
settings.

The unnecessary use of indwelling urethral catheter is the
primary risk factor for CAUTI, so the use of the catheter
with appropriate indications, its proper insertion and
maintenance, and its rapid removal are recommended. In
selected patients, alternatives to indwelling urethral
catheterization, such as the male external catheter and
the prostatic stent, may be considered, although they are
not without complications. CAUTIs in intensive care units
are associated with increased lengths of stay, healthcare
costs and antibiotic resistance development. The elder
age is a significant risk factor for CAUTI. New antifouling
and antibacterial materials for urethral catheter coating
are reported. However, its application in clinical settings
has not been satisfactory. Education should include both
patients and their families and /or caregivers as well as
health personnel.

Therefore, it is necessary to address and optimize the
complexity of CAUTI care, through a multimodal and
multidisciplinary intervention, which minimizes its incidence
and complications.

© 2025 European Society of Medicine 6
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