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a b s t r a c t

More than 75% of hospital-acquired or nosocomial urinary tract infections are initiated by urinary cathe-
ters, which are used during the treatment of 15–25% of hospitalized patients. Among other purposes, uri-
nary catheters are primarily used for draining urine after surgeries and for urinary incontinence. During
catheter-associated urinary tract infections, bacteria travel up to the bladder and cause infection. A major
cause of catheter-associated urinary tract infection is attributed to the use of non-ideal materials in the
fabrication of urinary catheters. Such materials allow for the colonization of microorganisms, leading to
bacteriuria and infection, depending on the severity of symptoms. The ideal urinary catheter is made out
of materials that are biocompatible, antimicrobial, and antifouling. Although an abundance of research
has been conducted over the last forty-five years on the subject, the ideal biomaterial, especially for
long-term catheterization of more than a month, has yet to be developed. The aim of this review is to
highlight the recent advances (over the past 10 years) in developing antimicrobial materials for urinary
catheters and to outline future requirements and prospects that guide catheter materials selection and
design.

Statement of Significance

This review article intends to provide an expansive insight into the various antimicrobial agents currently
being researched for urinary catheter coatings. According to CDC, approximately 75% of urinary tract
infections are caused by urinary catheters and 15–25% of hospitalized patients undergo catheterization.
In addition to these alarming statistics, the increasing cost and health related complications associated
with catheter associated UTIs make the research for antimicrobial urinary catheter coatings even more
pertinent. This review provides a comprehensive summary of the history, the latest progress in develop-
ment of the coatings and a brief conjecture on what the future entails for each of the antimicrobial agents
discussed.
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1. Introduction

1.1. Urinary catheter

Urinary catheters have been used since the third century B.C.,
by the Greeks, Egyptians and Chinese, but the first malleable uri-
nary catheter on record was only made in 1779 by a goldsmith,
Bernard [1]. Some of the first materials used to make urinary
catheters were copper, tin, bronze, gold, lead, papyrus, onion
stems, dried reeds and palm leaves. In recent times, materials such
as gum-elastic, plastic (poly(vinylchloride), PVC), polyurethanes,
silicone and latex rubbers have been used for their superior mal-
leability [2,3]. These materials have been developed over the years
to include most of the characteristics desirable in a catheter: high
tensile strength, soft and pliable, inherently chemical resistant,
biocompatible and able to meet flow requirements while main-

taining a minimally invasive circumference or French profile. Some
of the strengths and weaknesses of different urinary catheter
materials have been listed in Table 1, and these characteristics
have led the emergence of silicone as the material of choice for uri-
nary catheters despite a few of its disadvantages [1,4,5]. While
latex was originally used alone, or modified with either hydrogel
or Teflon coatings, its unsuitable properties like poor UV and chem-
ical resistance, poor adherence, and possible allergic reactions
leave much to be desired [1]. It has also been observed using scan-
ning electron microscopy (SEM) that the rough surface of latex can
also promote biofilm formation [6]. Therefore, silicone is nowmore
commonly used as a base catheter material since it circumvents
many of the problems faced by latex catheters.

Besides the evolution of materials, catheter design has also
undergone several changes over the years including the balloon
used to hold the catheter onto the urinary bladder and develop-

Table 1
Comparison of strengths and weaknesses of commonly used urinary catheter materials.

Material Advantages Disadvantages

Latex rubber � Can be modified by PTFE coatings
� Low cost
� Easily processed
� High tensile strength

� Poor biocompatibility
� Prone to infection and encrustation
� Causes latex allergy (8–17% among medical professionals) and higher in patients with
spina bifida or spinal cord injury (47%). Prevalence in general population is 1–6%

Silicone � Long lifetime before encrustation and
blockage sets in

� No allergic reaction
� Moderate resistance to abrasion
� Enhanced surface lubrication
� Biocompatible
� Good chemical and thermal stability
(�80 C to +230 C)

� Low surface tension

� Uncomfortable for some patients due to its rigidity
� Can be deflated unlike latex catheters and hence prone to premature device failure

PTFE coating � Fairly biocompatible
� Low coefficient of friction
� Hydrophobic
� Self-lubricating
� Can be autoclaved or ethylene oxide sterilized

� Predisposed to infection and encrustation
� Toxic
� Stiff

Polyvinyl
chloride

� Durability
� Chemically stable
� Inexpensive

� Less flexible without plasticizers
� Public health concerns due to additives that can leach in vivo causing several problems

Polyurethane � Larger internal diameter because of thinner wall
� Excellent biocompatibility
� Softens in body
� Excellent tensile strength

� Sensitive to heat
� Cannot be autoclaved

P. Singha et al. / Acta Biomaterialia 50 (2017) 20–40 21



Download	English	Version:

https://daneshyari.com/en/article/6449671

Download	Persian	Version:

https://daneshyari.com/article/6449671

Daneshyari.com

https://daneshyari.com/en/article/6449671
https://daneshyari.com/article/6449671
https://daneshyari.com/

