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@ The importance of choosing a lubricant depending on the therapeutic or diagnostic manipulation performed and the

clinical situation is rarely the focus of attention of the practicing urologist. Meanwhile, the components of the lubricant

can both provide adjuvant treatment and prevention of complications of the performed manipulations, and vice versa,

be the cause of complications themselves. Based on the analysis of the scientific literature of the past 20 years, an overview

of lubricants used in urological practice, as well as their main components — gelling agents, anesthetics, antiseptics,
is presented, their main advantages and disadvantages are shown.
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@ BaxHocTh H0n6opa }'[y6pI/IKaHTa B 3aBMICUMMOCTM OT BBIIIOIHAEMON J1e4eOHOI WIn ,[[I/IaI‘HOCTI/I‘{eCI(OIu/I MaHUITYTIA-

onm n KJIMHUYECKOM CUTyanun pegKo OKa3bIBa€TCA B (1)0Kyce BHVMAaHIA NPAKTUKYIOIIETO Bpada-yposiora. MC)KIIY TEM,

KOMIIOHEHTbI TyOpPUKaHTa MOTYT KaK 00€eCIIeYnTDb afbIOBAHTHOE JIeUeHNe U IPOPIIAKTHUKY OCTIOKHEHNUIT IIPOBOLUMBIX

MaHUIYJIALNIL, TaK U, HA060POT, CAMUMU OBITb TPUYNHOI OCTOKHeHNIT. Ha 0cHOBe aHa/M3a HayYHOI IUTePaTy Pl 1O-

CIIeqHUX 20 net IIpeAcTaBIeH O630p )Iy6pI/IKaHTOB, MCIIO/Ib3YEMBIX B ypOHOI‘I/I‘ICCKOﬁ ITpaKTUKE, a TAaK)KE€ X OCHOBHbBIX

KOMIIOHEHTOB — reneo6pa3OBaTeHeI71, AHECTETMKOB, aHTUCEIITNKOB, IIOKa3aHbl X OCHOBHbIE IIPEVMYIECTBA I HENO-

CTATKN.

@ Kntouesvie cnosa: nyGpUKaHT; MOMMBUHIIINPPOINAOH; TUATYPOHOBAs KUCIOTA; TNJOKANH; XIOPTEKCUIVH.

Urethral lubricants, such as olive oil and latici-
fers of some trees, were first mentioned in antiquity.
Since the end of XIX century, synthetic topical an-
esthetics such as tetracaine, tripelenamine, diclonin,
etc., started to be used in urological practice. In the
1940s, lidocaine was synthesized for the first time
in Sweden and became firmly established in medical
practice for all subsequent decades. A contemporary
urological lubricant should have a number of useful

properties (mechanical, rheological, and electrical)
and contain components that ensure adequate safe-
ty, anesthesia, and prevention of infections, and
other complications associated with urological ma-
nipulations. For example, in case of transurethral
resection (TUR) of the prostate gland, a power
density of electric current of 7.5 W/cm? is critical
for the urethra [1], an electrical trauma of which
can be triggered by a lubricant with low electrical
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conductivity (up to 4-6 S/cm). Ideally, lubricant
functions not only directly during the manipula-
tion, but also for some time after it, for example,
contributing to regeneration of tissues operated. For
instance, intermittent self-catheterization with tri-
amcinolone liniment after internal optical urethrot-
omy reduces significantly the risk of recurrence [2].
In addition, due to combined composition, some lu-
bricants can be used as an independent agent in the
complex therapy of interstitial cystitis [3].

Developers of modern hydrophilic coatings for
urological catheters have achieved great progress to-
ward the ideal urological lubricant. Most often, they
are based on an aqueous gel (hydrogel), which is a
framework of synthetic polymer molecules, com-
prising water in its cavities. Chemical modification
of the original framework enables to change pur-
posefully the beneficial properties of the lubricant.
However, mass lubricant must be affordable and
meet the price expectations of consumers.

In the XX century, set of components in the com-
position of urological lubricants in general was very
conservative; therefore, in this work, studies of lu-
bricants published after 2000 were reviewed. Lite-
rature searches were performed in PubMed and
Google Scholar databases for the following key-
words: “lubricant,” “urology,” and their derivatives.
Naturally, research on the topic of interest was di-
vided into two fundamentally different types. First-
ly, medical studies (preclinical and clinical) and
secondly, specialized works in one of the branches
of chemistry (most often, the chemistry of macro-
molecular compounds). Medical research is well-
known to be usually lags behind purely chemi-
cal research by 5-10 years due to the fact that new
chemical compounds make a very difficult way from
development to clinical trials. Nevertheless, chemi-
cal publications outline the prospects for aledmedi-
cal research. Works on chemistry, concerning lu-
bricants were not revel; however, indirectly related
to urology.

A very small joint Greek-Dutch work [4], pub-
lished in 2009, presented urological lubricants for
the above period of time [4]. No such publications in
Russia were available, apart from popular scientific
reviews and methodological materials of developers
of urological consumables. Certainly, in the profes-
sional activity of a practicing urologist, especially
a surgeon, the issue of lubricant is far from being
a primary aspect. The limited choice of lubricants

in Russia makes this issue for urologist even more
minor. In addition, the correct selection of lubricant
can be considered as an adjuvant treatment affect-
ing the outcome of urological manipulation or sur-
gery. Paraffinic oil was widely used 30-40 years ago
and is still almost the only alternative to the meager
range of lubricants available in the Russian mar-
ket, having almost equal composition. What should
a patient do if contraindications from existing
lubricants exist?

Nevertheless, some attempts are also being made
in Russia to optimize the composition of urologi-
cal lubricant. Particularly, in 2010, a group of de-
velopers from Perm proposed a 2% solution of
anilocaine as a local urological anesthetic [5]. In ex-
periments on animals, it was revealed that anilo-
kaine is 1.5 times less toxic than lidocaine, and has
some anti-inflammatory and antimicrobial effects.
The main property of anesthesia for the urethra
with anilocaine is its duration, as it occurs within
1 min and lasts for approximately 40 min. In com-
parison with lidocaine, anilocaine was not inferior
to it in efficacy of anesthesia for the urethra; how-
ever, it had advantages in side effects reduction, in-
fections prevention, and toxic complications resorp-
tion. Two years later, based on studies performed,
this scientific group developed the formulation of
Anilogel [6], which contains chlorhexidine gluco-
nate in addition to anilocaine. Carboxymethyl cel-
lulose, methyl cellulose, and sodium alginate were
used as gelling agents, and glycerin was used as plas-
ticizer. Another group of Ural developers created
hydrogels based on silicon polyolates (polyalcoho-
lates) [7], capable of stimulating regenerative and
reparative processes. A gel with oxymethyluracyl,
developed by a group of colleagues from Ufa, has
the same advantage [8]. However, listed Russian-
made lubricants have yet reached clinical practice
introduction.

GELLING AGENTS

The main component of the lubricant, which im-
parts optimal mechanical properties to it, is a gell-
ing agent. The dispersed phase of urological gels is
represented by water, and the dispersion medium
is the gelling agent itself. The gel can be formed
both during the factory production of a lubricant,
and as a result of the activation of the gelling agent
with water in situ, when the case is disposable uro-
logical devices with a prepared hydrophilic surface.
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A silicone tube coated with agar-agar or mucin can
be used as a model for the urethra to study the me-
chanical properties of lubricated surfaces ex vivo [9].
A prospective, randomized, blinded, crossover study
in 49 male volunteers [10] showed that hydrophilic
lubricated catheters (in this study, SpeediCath® and
LoFric®) caused significantly less microhematuria
and pain compared to that of a catheter without hy-
drophilic surface. For this reason, hydrophilic lubri-
cated catheters can be a technical means of choice
for rehabilitation of patients with lower urinary
tract neurogenic dysfunction [11]. However, one of
the disadvantages of regular use of catheters in men,
even with a hydrophilic surface, is a temporary de-
crease in sperm quality [12].

The gelling agent in the composition of the uro-
logical lubricant, as a rule, is a hypoallergenic wa-
ter-soluble polymer, such as polyvinyl alcohol, poly-
vinylpyrrolidone (PVP), polyethylene glycol, and
some polysaccharides, such as carboxymethyl and
carboxyethyl cellulose. In particular, PVP is a gell-
ing agent for the aforementioned SpeediCath® and
LoFric®. Cross-linking of such polymer chains is
performed by H-bonds; however, H-bonds should
not be so strong that the gel is stable for a long time
and the lubricant is not washed out from the uri-
nary tract. Examples include polyacrylic acid and
polyacryalamide (PAA), which cannot be used in
lubricants. Moreover, the stability and durability of
gels they form are important in the so-called bulking
materials [13]; therefore, PAA-based gels are used
for vesicoureteral reflux treatment [14]. Hydrogen
bonds formed by gelling agent molecules play a key
role not only in biomedicine. For example, PVP is
used as an inhibitor of clathrate formation in the oil
industry, since it binds water molecules (moisture)
and prevents clathrate plugs from clogging the oil
pipeline [15].

Reviews of developed and patented biomedical
hydrogels, as well as commercial products based on
them, are published periodically [16, 17]. In 2010,
biochemists from Singapore described an antibac-
terial biocompatible hydrogel based on dimethyl-
decylammonium chitosan, poly (ethylene glycol)
methacrylate, and poly (ethylene glycol) diacrylate,
which has a polycationic surface structure and acts
on bacterial cell membranes according to the “an-
ionic sponge” principle [18]. In 2019, biochemists
from China described a thermosensitive urological
hydrogel made from a mixture of N-isopropylacryl-

amide and N,N-methylene-bis (2-propenamide),
deposited on a polydimethylsiloxane (silicone) sub-
strate [19]. This gel has a smooth surface and en-
sures the safety of transurethral manipulation at
room temperature, and it undergoes a structural
transition upon reaching the temperature of the
human body, stratifying into an inner hydropho-
bic layer and an outer peptide layer, which reduces
bacterial adhesion to the surface by >96% and re-
duces their population in the surrounding tissue by
1000 times within 72 h compared to pure silicone.
Thus, a tendency may occur toward the synthesis
of multilayer hydrogels of more complex composi-
tion and structure, capable of undergoing structural
modification in vivo.

Hydrogels based on hyaluronic acid constitute a
special category, a detailed review of which is present-
ed by X. Xu et al. [20]. Hyaluronic acid (Uro-Hyal®,
Urolife®) with TUR of the prostate gland reduces the
irritating effect of urine on the postoperative wound
surface, accelerates the maturation of granulation
tissue and epithelialization, and reduces dysuric
phenomena [21]. The combination of hyaluronic
acid with carboxymethyl cellulose functions as a me-
chanical barrier preventing the formation of adhe-
sions [22]. Carboxymethyl cellulose is a polysaccha-
ride which is more hydrophilic than cellulose; and
forms a stable gel in an aqueous medium that fills
the surgical wound. Hyaluronic acid dissolved in it
is the main component of extracellular matrix and
ensures the non-immunogenicity of the gel, which
justifies the use of this combination in prevention of
urethral strictures [23].

ANESTHETICS

Currently, 2% lidocaine is considered the gold
standard for anesthetic in a lubricating gel in urol-
ogy. A significant number of comparative studies
have been focused on it. In 2001, a double-blind, pla-
cebo-controlled, randomized study [24] compared
the effects of 20 ml of placebo gel (group 1) and
10 ml (group 2) and 20 ml (group 3) of 2% lidocaine
gel, administered in the urethra of men for 15 min
before performing diagnostic flexible cystoscopy.
A total of 60 patients participated in the study.
Differences in pain perception immediately after
the diagnostic procedure were not statistically sig-
nificant on a 10-point visual analog scale (VAS)
(4.65; 3.93; and 3.57 in groups 1, 2, and 3, respec-
tively; p = 0.406). In 2004, a team of researchers
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from Japan conducted a rather unusual study [25],
where each man (a total of 33 patients) underwent
3 flexible cystoscopy procedures alternately with
the instillation of 10 ml of 2% lidocaine gel, pla-
cebo gel, and also without instillation of gel (lido-
caine gel was applied in all cases to a cystoscope).
Participants recorded pain sensations according to
a 100-point VAS during gel instillation and dur-
ing the passage of instrument into the bladder.
The average degree of pain was 77 for instillation
and 98 for the diagnostic procedure, and regardless
of anesthetic instillation, no statistically significant
difference was found in pain during the procedure.
Authors concluded that instillation of lidocaine gel
prior to flexible cystoscopy is not necessary. A few
years later, a randomized, double-blind, crossover
study was conducted in a cohort of 51 men who
underwent cystoscopy twice with an interval of
3 months [26]. In one of the procedures, 10 ml of
2% lidocaine gel was used as a lubricant, whereas a
placebo was used in other procedure. The median
difference in pain perception between two proce-
dures on a 10-point VAS was 0, mean 0.24. Thus,
the advantage of lidocaine gel over placebo was not
confirmed again. In 2009, a meta-study of 14 stud-
ies on the use of lidocaine gel in flexible cystoscopy,
selected from the PubMed, Biosis, and Cochrane Li-
brary databases, was performed [27]; however, only
4 studies were included directly in the analysis. Ac-
cording to results of the meta-analysis in the use of
lidocaine gel, the probability of experiencing mod-
erate or severe pain was 1.7 times lesser than with
placebo use (p = 0.05). In 2015, a group of Span-
ish doctors conducted an observational non-ran-
domized study of 72 patients of both genders [28].
Pain was assessed using a 10-point VAS of pain and
Spanish Pain Questionnaire. On both scales, the
severity of pain during flexible cystoscopy when
lubricated with 2% lidocaine gel was lower com-
pared to placebo, but was not statistically signifi-
cant; therefore, the authors concluded no advantage
in lidocaine gel over placebo and even calculated
what savings could be made at an approximate cost
of a gel portion of 0.22 Euros without anesthetic
and 1.25 Euros with lidocaine gel. In 2016, a group
of doctors from Turkey published results of a ret-
rospective study for 2012-2014 on the same topic
among 220 male patients [29]. The mean level of
pain in the groups that underwent instillation with
lidocaine gel (3.10 £ 0.980) and instillation with

gel without anesthetic (3.34 + 0.789) did not differ
significantly (p = 0.132). In 2017, the attention of
doctors from Poland was attracted by the question
whether the instillation of lidocaine gel through a
catheter into the posterior urethra, in addition to
the usual instillation prior to cystoscopy in men, has
any advantage [30]. A total of 127 men participated
in the randomized study, and pain was compared
not only by the VAS, but also by the Likert scale,
and the patient’s need for analgesics was assessed
within 6 h after the procedure, as well as the occur-
rence of symptomatic urinary tract infection (UTI)
within 14 days after manipulation. It turned out
that the perception of pain in the compared groups
and the risk of UTI did not differ statistically sig-
nificant; however, the subjective need for analgesics
within 6 h after the procedure with additional ir-
rigation with lidocaine on the posterior urethra in
the group decreased from 81.8% to 70.2%. In 2016,
in another prospective randomized study among
men who underwent cystoscopy [31], 2% lidocaine
gel was compared not with a gel without anesthetic,
but with normal saline (instillation of 10 ml each).
Exceptionally low pain scores on the 10-point VAS
in both groups (0.67 + 1.11 and 0.55 + 1.10, re-
spectively) did not differ statistically significant
(p = 0.40). Therefore, during flexible cystosco-
py, it is sufficient to irrigate correctly the urethra
with saline solution instead of using a gel with
an anesthetic.

G. Losco et al. [32] studied the possibility of using
not the traditional long (15-25 min) but short-term
exposure of lidocaine gel. A prospective comparative
study involved 50 men who underwent flexible cys-
toscopy either immediately after instillation of anes-
thetic or 3 min later. The average difference in pain
perception according to VAS was 1.42 (p = 0.64)
in favor of a short-term exposure, which was not sta-
tistically significant; therefore, a pause before insert-
ing a flexible endoscope was not necessary. The same
conclusion was made by the authors of a later pro-
spective randomized study in 242 men [33], who un-
derwent flexible cystoscopy either immediately after
the administration of 12.5 g of Cathejell, or after its
5-min exposure. Differences in pain sensations ac-
cording to the 10-point VAS in patients of these two
groups (2.41 and 2.04, respectively) were not statis-
tically significant (p = 0.175). In a 2019 American,
double-blind, randomized controlled study [34]
of 116 women who underwent flexible cystoscopy,
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2% lidocaine gel was still significantly preferable
to placebo gel according to a 10-point VAS. In this
study, the authors took into account the effects of
heterogeneity of compared groups due to age and
ethnic composition. The average pain perception
during the procedure was 2.43 in the lidocaine
gel group and 3.58 in the placebo gel (p =0.01).
The exposure time was 15 min, which the authors
do not focus on; however, in our opinion, it can be
the decisive point. Apparently, statistically signifi-
cant differences between lidocaine gel and placebo
begin to be noticeable just after exposure for at least
15 min.

According to J. Siderias et al. [35], prior to cath-
eterization of men with a 16 Fr Foley catheter dur-
ing emergency care, instillation of 2% lidocaine gel
has an advantage over placebo. A total of 36 pa-
tients participated in the study, and according to a
100-point VAS, the level of pain perceptivity in the
lidocaine gel group was 38 + 28 vs. 58 + 30 in the
placebo gel group (p = 0.04). During the instilla-
tion itself, the level of pain was also statistically sig-
nificantly different (23 £ 17 and 40 + 25 in groups
1 and 2, respectively) (p = 0.02). Moreover, a study
of a similar design among women (a total of 100
patients using 8 Fr and 16 Fr catheters), published
in the same year [36], led to different results. Ac-
cording to a 100-point VA, the pain level during
catheterization with lidocaine did not statistically
significantly differ from that without lidocaine;
however, younger women (18-59 years old) experi-
enced more severe pain compared to older patients
(69 years and older), and the average difference was
14.4 points (p < 0.006). Furthermore, these results
could differ due to the unequal gel exposure time
(15 min in men [35] and only 1 min in women [36]).
In 2015, a prospective, randomized study was con-
ducted on advantages of instilling 2% lidocaine gel
(5 ml, 5 min before the procedure) over lubricating
the catheter tip with the same gel (5 ml) during cath-
eterization in women [37]. A total of 94 women who
participated in the study were distributed into two
groups. According to a 10-point VAS for cathete-
rization with instillation, the severity of pain aver-
aged 2.3 * 1.4 points, and catheterization with a lu-
bricated tip was 2.4 + 1.6 points (p = 0.71), whereas
scores were the same in terms of pain during instil-
lation (1.9 + 0.9 points). Therefore, authors conclu-
ded that instillation is not necessary and only cause
additional pain.

Commercial studies were also reported. In 2019,
a double-blind randomized study [38] by Turk-
ish colleagues compared two different gels with
the same 2% lidocaine content, these were Cathej-
ell® well-known in Russia [39] and Dispogel®
(made in Turkey) which is not yet known in Russia.
Participants (77 men) underwent JJ stent extrac-
tion, urethral bougieurage, or diagnostic cystoscopy,
with anesthetic exposure time of 5 min. No statisti-
cally significant difference was found in VAS pain
perception between Cathejell® and Dispogel®; there-
fore, the authors recommend using the less expen-
sive Dispogel®.

In 2008, only one study was reported in which
2% lidocaine gel was compared not with placebo,
but with a gel containing 40% of dimethyl sulfoxide
(DMSO) [40]. In a prospective, randomized cohort
study, 140 men (70 in each group) underwent rigid
cystoscopy with a 17 Fr instrument. The cystoscope
itself was lubricated with lidocaine gel. A 10 ml of gel
was injected into the urethra 15 min before manip-
ulation, and the pain level was recorded according
to a 10-point VAS immediately after manipulation.
Pain was 3.9 £ 1.1 in the lidocaine gel group and
2.1 £ 1.0 in the DMSO group (p = 0.015), that is, in
the DMSO group, the pain level was statistically sig-
nificantly lower. Another interesting result was ob-
tained with an increase in the pH oflidocaine gel [41],
when in a prospective randomized controlled
study, 10 ml of lidocaine gel mixed with 1 ml of
5% NaHCO, (pH 7.20) were injected to men prior to
rigid cystoscopy, or 1 ml 0.9% sodium chloride solu-
tion (pH 6.41, control group). Alkalinization of the
lubricant reduced the pain level on the 10-point VAS
from 5.28 + 1.99 to 1.3 = 0.9.

More recently [42] colleagues from China have
investigated whether it is advisable for men to uri-
nate immediately prior to flexible cystoscopy to re-
duce pain during the procedure. 96 men participated
in a randomized study, and all participants received
instillation of 2% lidocaine gel. Pain sensations ac-
cording to a 10-point VAS were examined before
instillation, during instillation, during a cystoscope
insertion, and 15 min after cystoscopy. Men who
urinated before the procedure had statistically sig-
nificant lower pain sensations during the passage of
the instrument along the urethra, compared with the
control group, whereas at other stages, pain sensa-
tions did not differ. Moreover, the temperature of the
lubricant can also affect the pain sensation, as when
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lidocaine gel was cooled from room temperature of
22°C to 4°C, the severity of pain during cystoscopy
in men decreased significantly [43].

ANTISEPTICS

The antimicrobial components of a lubricant
differ depending on the task assigned. With short-
term endoscopic manipulations on the urinary tract,
as well as with short-term catheterization, such a
component should provide a quick and not necessa-
rily long-term effect. On the contrary, with prolonged
urinary tract catheterization, the risk of catheter-as-
sociated infections increases dramatically, which ac-
count for at least 80% of complicated UTIs [44]. In this
case, the lubricant or the native coating of the catheter
should provide a long-term effect of the antimicrobial
component and, if possible, prevent the adhesion of
pathogenic microorganisms. These two types of re-
quired component can hardly be used in one active
substance.

The most common anti-infective agent with
proven antimicrobial, antiviral, and antifungal ac-
tivity in urological lubricants is chlorhexidine,
which is usually available as gluconate. In 2008,
a group of researchers from Hong Kong conducted
a randomized controlled trial of the efficacy of 0.05%
chlorhexidine gluconate for prevention of UTI dur-
ing prolonged catheterization in women [45]. Before
the introduction of the Foley catheter, the urethra
was irrigated with chlorhexidine solution or ster-
ile water (control group), and then each of 20 par-
ticipants underwent urine culture tests 4 times for
2 weeks. No statistically significant difference was
found in the incidence of asymptomatic UTI in pa-
tients of different groups, whereas symptomatic UTI
did not occur in any of participants. Therefore, ir-
rigation of the urethra with chlorhexidine immedi-
ately before prolonged catheterization is not advis-
able. Moreover, the presence of chlorhexidine in the
gel composition can induce some complications,
at best, increasing significantly the pain sensations
after endoscopic manipulation. Thus, in a prospec-
tive randomized blind study, 141 patients under-
went flexible cystoscopy, while anesthetized with
10 ml of 2% lidocaine gel or 10 ml of the same gel,
but with 0.05% chlorhexidine supplementation [46].
Pain sensations were recorded using a 10-point VAS.
During the passage of the cystoscope along the ure-
thra, during the endoscopic examination, and im-
mediately after the procedure, pain sensations in

patients of the two groups did not differ statistically
significant. However, during the first urination, pain
from chlorhexidine was significantly higher, 1.8 vs.
1.0 (p =0.031). The same was noted immediately
after the first urination (2.4 vs. 1.2) (p = 0.007).
In the chlorhexidine group, a significantly more pro-
nounced urgent desire to first urination was observed
(p =0.018).

A report has been published on the development
of severe anaphylactic shock in a patient who un-
derwent catheterization with a latex urethral cath-
eter [47]. Initially, it was suspected that latex caused
anaphylaxis, but a basophil activation test showed
that it was caused by chlorhexidine. Thus, in some
patients, the seemingly harmless urological lubri-
cant can cause life-threatening conditions due to
chlorhexidine. A group of English doctors described
a similar clinical case [48] where a patient also devel-
oped anaphylaxis caused by Instillagel® containing
chlorhexidine during bladder catheterization prior
to orthopedic surgery. A year later, another similar
case with an elderly patient during laser ablation of
bladder carcinoma was reported [49]. The authors
emphasize that, in contrast to previous cases, this
patient previously during his life received repeat-
edly intraurethral instillations of mixtures contain-
ing chlorhexidine, without any adverse reactions.
Another article [50] discusses the growing num-
ber of patients hypersensitive to chlorhexidine
and warns against this component in lubricants.
In Russia, a possible alternative to Cathejell® con-
taining 0.05% chlorhexidine gluconate is the gyne-
cological lubricant Montavit Gel® produced by the
same Austrian manufacturer [51], which contains
only 0.01% chlorhexidine gluconate with a similar
formulation composition.

As is known, the chlorhexidine particle represents
a cation. It provokes the removal of potassium ions
from the cell and inhibits cellular respiration at low
concentrations and it compromises the integrity of
the cell membrane at higher concentrations, which
ultimately leads to cell death. Cationic compound
miramistin, which is somewhat less cytotoxic and
allergenic compared to chlorhexidine, developed as
part of the Union of Soviet Socialist Republics space
program, was used until recently in the complex
therapy of chronic urethritis [52], but only in the
post-Soviet countries. Only in 2020, the internation-
al scientific press published the first major studies of
the antibacterial profile of miramistin in vitro and
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in vivo [53] and its comparative analysis with other
antiseptics (chlorhexidine, triclosan, benzalkonium
chloride, dioxidine, etc.) [54].

Another well-known broad-spectrum urological
antiseptic is povidone iodine or PVP complex with
iodine. PVP itself represents a hydrophilic polymer
that forms hydrogel over a wide range of concen-
trations. Povidone iodine usually contains 10% io-
dine, but only approximately a tenth (1%) is slowly
released when the antiseptic is dissolved in water.
According to the data of a randomized controlled
trial by R. Nayyar et al. [55], the risk of UTT decreas-
es from 22% (control group) to 7% (p < 0.007) if the
urethra is irrigated with povidone iodine solution
before the procedure when performing cystoscopy
for men on an outpatient basis. In a similar compar-
ative study [56], 60 women participated, in whom
the urethra was irrigated with 10% povidone iodine
or sterile water, and then a Foley catheter was insert-
ed for 24 h, after which all of them underwent urine
culture test. No statistically significant difference
was reported in the incidence of bacteriuria. Results
of a randomized controlled trial of 122 children ad-
mitted to a pediatric intensive care unit have also
been published, comparing the efficacy of 10% po-
vidone iodine, 0.05% chlorhexidine gluconate, and
water [57]. After irrigation of the urethra with an
appropriate solution and installation of a Foley cath-
eter, the incidence of UTI was determined during
the entire follow-up period. These frequencies were
distributed between povidone iodine, chlorhexidine,
and water as 15.0, 4.8, and 7.5%, respectively; how-
ever, the difference was not statistically significant
(p > 0.05).

Povidone iodine can be incorporated into films
on the surface of biomaterials. The physicochemi-
cal properties of films synthesized from poly-e-
caprolactone, including those with additional po-
vidone iodine, were investigated [58]. This material
is biodegradable and resistant to infection and salt
encrustation, which in the future can be used for the
production of ureteral stents. Mixtures of povidone
iodine with polyurethane [59], which is the main
material for ureteral stents nowadays, were studied
in a similar way. In the range of povidone iodine
concentrations from 0.5% to 1.5%, a steady increase
in the antiadhesive and antimicrobial properties of
the mixture is noted in polyurethane. Compared
to pure polyurethane, such a mixture demonstrates
greater resistance to salt encrustation, especially

struvite and hydroxyapatite, which is not surprising,
since crystalline biofilms of pathogenic bacteria are
formed from them [60].

Certainly, in addition to povidone iodine, many
other components are of a similar action, that are
trying to be introduced into the surface of urologi-
cal catheters and stents, namely gentamicin [61],
norfloxacin [62], ciprofloxacin in combination with
azithromycin [63], etc. Several extensive reviews
were published on this topic [64, 65]. Considering
that antiseptic introduction into the material was
primarily aimed to ensure the duration of release,
almost nothing limits the use of the same compo-
nent in the lubricant for short-term use. In the last
decade, the direction of creating materials with anti-
septic nanoparticles has been developing especially
actively. These are long-established Ag particles in
nanocomposites, for example, based on tetrafluo-
roethylene (Teflon) [66] and ZnO particles, such as
nanoparticles stabilized with aminated polyphenyl-
ene sulfide [67] and fullerene-like MoS, nanopar-
ticles [68], in particular, doped with rhenium [69].
These particles can certainly be stabilized in a rou-
tine urological lubricant. In patients with neuro-
genic urinary dysfunction, the incidence of UTI due
to Escherichia coli is significantly reduced; however,
ahigh incidence of Proteus mirabilis (15% of all UTIs)
and P. aeruginosa (13%) is possible [70]. Obviously,
in a water-activated catheter for intermittent cath-
eterization of such patients, introduction of appro-
priate antiseptics into the lubricant, for example
zinc-doped CuO nanoparticles capable of inhibiting
the formation of biofilms with P. mirabilis colonies
by >90% is useful [71].

CONCLUSION

Considering the dual function of PVP as a gell-
ing agent and a complexing agent for an antiseptic
(povidone iodine), it is currently most promising for
routine use as a part of a mass urological lubricant,
in addition to widely used polysaccharides (carboxy-
methyl and carboxyethyl cellulose). A lubricant based
on hyaluronic acid is advisable for traumatic endouro-
logical surgeries. As for the local anesthetic, most ran-
domized controlled trials revealed that the presence
of 2% lidocaine in the lubricant does not statistically
significantly reduce pain during transurethral manip-
ulations; however, careful analysis shows that reduc-
tion in pain becomes statistically significant with an
increase in the exposure time of lidocaine to 15 min
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or more. Some works indicate the prospectivity of the
local anesthetic effect of DMSO. The dosage of the
antiseptic chlorhexidine gluconate, currently used in
lubricants by default and causing adverse reactions
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