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~—ABSTRACT
Bacterial antimicrobial resistance (AMR) is a major public health concern in modern society caused by bacterial
changes that impair the efficacy of infection-treating drugs. Non-antibiotic techniques are critical for controlling
the antimicrobial resistance concern because they provide a means of alleviating symptoms without needing
antibiotics. This prospective study aims to determine whether administering L-methionine reduces mechanical
and bacterial problems associated with long-term indwelling urinary catheters. The trial focused on administering
only L-methionine for a three-month period to patients who had long-term bladder catheters, either indwelling or
suprapubic. The catheter exchange rates were categorized according to acute urinary tract infection, macroscopic
haematuria and symptomatic urinary tract infection. During the time of inclusion, catheter-related incidents

| were recorded. The primary incident observed was acute urine retention caused by catheter obstruction in 63.6% )
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fof cases, followed by symptomatic urinary tract infection in 27.3%. Following a one-month course of treatment
with L-methionine, the occurrence of catheter-related events, specifically acute urine retention episodes, decreased
considerably by 18.2%. At the three-month follow-up, only 9.1% of patients experienced adverse events related
to the catheter. L-methionine treatment of chronic indwelling urinary catheter patients reduced mechanical and

septic problems at low cost and minimal complications.

Keywords: L-methionine, mechanic complications, non-antibiotic,
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septic complications, urinary catheter. )

INTRODUCTION

rinary tract infections (UTIs) are sig-

nificant public health problems

worldwide. They are the second

most prevalent infectious disease in

clinical settings, which impact as
many as 150 million people globally yearly (1).
This suggests a widespread usage of antibiotics,
which is another significant issue because bacteria
have always adapted to withstand the action of
the new medications developed to kill them (2).
Bacterial antimicrobial resistance (AMR) is a sig-
nificant public health problem in the 21 century,
resulting from bacterial mutations that reduce the
effectiveness of infection-treating medications (3).
Antimicrobial resistance carries a significant clini-
cal and public health impact that is expected to
grow in the future. The published figures are
"broad brush estimates', according to a recent
AMR review (2), which calls for better infection
surveillance (4) and more antibiotic stewardship.
In Europe, the burden of bacterial resistance is al-
ready high and will only worsen. It is anticipated
that specific issues resulting from Gram-negative
bacterial resistance will surface in the upcoming
years based on available evidence (5).

In this context, we can emphasize the strong
bond between urinary catheters, bacteriuria,
UTI, antibiotic stewardship and antimicrobial re-
sistance. The primary mechanism underlying this
link is biofilm production and its crystallization,
leading to two main outcomes: mechanical ca-
theter blockage and the inability to achieve urine
sterility through antibiotic administration, all the
while fostering AMR (10). For this reason, nu-
merous attempts and research projects have
been undertaken to manage bacteriuria and as-
sociated problems in patients with long-term in-
dwelling catheters or UTIls without the use of

antibiotics. Important information also includes
the effect on social elements (particularly the
spilling of urine) and the expenses associated
with medical interventions (11).

Non-antibiotic strategies are essential for
managing the AMR challenge because they offer
a way to lessen symptoms without using antibio-
tics (16). The long-used medication L-methio-
nine acts differently, causing urine to become
more acidic to produce its desired effect. By pre-
venting bacterial growth and adherence to the
bladder wall, the lower pH helps to both treat
pre-existing UTIs and prevent the development
of new ones. It also seeks to enhance antibiotic
efficacy with maximum effect in acidic urine and
avoid the development of urinary stones (18).

Urine acidification has been a long-standing
concern. A study indicated that the only distin-
guishing characteristics between patients with
persistent urinary catheter blockage were urinary
pH and the presence of Proteus organisms in the
urine (19). However, another study found that
acidifying the urine without eliminating the ure-
ase-producing bacteria did not decrease encrus-
tation (20). Methionine is an essential amino
acid that must be obtained through dietary in-
take. Extended research in adults has shown that
moderate changes in dietary methionine con-
sumption do not lead to any negative effects. In
humans, significant toxicity is not evident, even
at extremely high levels of consumption. Al-
though methionine serves as a precursor of ho-
mocysteine, which is linked to vascular damage
and cardiovascular disease, there is no proof that
consuming methionine within safe limits would
lead to cardiovascular harm (21). This study
seeks to establish the decrease in mechanical
and septic problems of long-term indwelling uri-
nary catheters when L-methionine is admini-
stered. U
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MATERIAL AND METHODS

his trial is a phase 1V, crossover, analytical, ob-

servational, prospective cohort study. It was
conducted in an academic clinical facility from
Bucharest, Romania, “Prof. Dr. Theodor
Burghele” Clinical Hospital, between June 2022
and November 2022.

The target population, comprising indwelling
or suprapubic long-term bladder catheter carri-
ers, was selected using the following inclusion
criteria: 1) patients over 18 years old with per-
manent bladder catheterization, which has at
least three months of catheter carriage; and
2) patients who did not receive any urine acidi-
fying products in the last three months prior to
enrollment. Exclusion criteria were as follows:
1) presence of bladder stones at baseline;
2) known or suspected vesicoureteral reflux;
3) any antibiotic therapy at least one month be-
fore enrollment; and 4) presence of symptomatic
UTI or any other infection requiring systemic
therapy at the moment of assessment.

The process involved conducting a medical
history review, comprehensive clinical examina-
tion, urinalysis and ultrasound imaging. Follo-
wing this, the catheter was withdrawn from ei-
ther the one-month-old one or the non-draining
catheter and replaced with a new one.

All patients were offered the necessary infor-
mation and their private consent was recorded
for inclusion in the present research. Also, the
principles of The Declaration of Helsinki for re-
search on human subjects were followed.

All cases respected the same catheter charac-
teristics, which were maintained using Well Lead
Latex Foley Catheters with a silicone coating
(Well Lead Medical Co., Ltd.).

Sterile-controlled handling and section of the
old catheter proceeded, with three sections
being used for evaluation. The tip fragment
marked by VfC was placed in fluid thioglycolate
medium and shipped for microbiological analy-
sis following the established protocols (22).

Sections FC1 and FC2, located above the bal-
loon segment, were photographed next to a
measuring scale. After obtaining pictures of ca-
theter sections, the initial internal free area (IIFA)
and actual internal free area (AIFA — the perme-
ability) of the probe were measured using
SketchAndCalc™ (see Image 1).

IMAGE 1. Explaining how the catheter was
sectioned beyond and above the balloon for analysis

IMAGE 2. Estimating
/) the normal internal area

of a regular catheter

IMAGE 3. Estimating
the actual free space

) remained after catheter
extraction and section

IMAGE 4. Colored image
/ illustrating the actual free space
after extraction (in blue)

The difference between the two areas was
expressed in percentages for both FC1 and FC2
sections and the most relevant data between FC1
and FC2 was used, as it was performed for every
patient enrolled in the study (Images 2, 3 and 4).

L-methionine was administered to partici-
pants following the initial assessment, while a
new Foley catheter was in place. Struviren
500 mg, a commercial product by Meditrina
Pharmaceuticals (EAN:5213003130093), con-
tains 500 mg of L-methionine as the primary ac-

214 Mhedica | AJournal of Clinical Medicine, Volume 19, No. 2, 2024



RoLE OF L-METHIONINE IN PREVENTING SEPTIC AND MECHANICAL COMPLICATIONS IN INDWELLING CATHETERS

tive ingredient having physiological effects. Par-
ticipants were directed to take two capsules at
12-hour intervals each day for the initial three
days and subsequently to utilize pH strips for
measurements. The commercial product inclu-
ded pH strips designed for easy use along with
suitable instructions.

Struviren administration was made according
to the measured urinary pH as follows: when uri-
nary pH was < 6.5, the subjects were advised to
continue intake of Struviren 500 mg q.d. once a
day, and when urinary pH was > 6.5, they were
advised to continue Struviren 500 mg b.i.d. two
times a day.

The urinary catheter (UC) was changed at
one month interval and patients did not take an-
tibiotics during a three-month period.

At the first visit, all enrolled patients had to
sign an informed consent, receive the product
and were carefully instructed on administering it.
Also, at this point, they were given a contact
phone number to use whenever they faced any
catheter-related complications or signs of symp-
tomatic UTIs that were explained.

The second visit was prepared for approxi-
mately one month later, or when the UC was not
draining properly (as each patient was instruc-
ted), when a new catheter change should have
been done. The UC was again adequately han-
dled and the same procedure was done with a
section of the catheter and processing of the
three segments — VfC for culture and FC1 with
FC2 for area determination. Urinalysis was taken
for pH measurement as well as physical and ul-
trasound examinations were performed. Events
regarding the Foley probe were recorded.

The third visit was scheduled two months
later, approximately three months after the first
visit, when, once again, a new catheter change
should have been done.

IMAGE 5. Several
images that show the
internal and external
aspects and level of
encrustation after
extraction

The probe was aseptically handled, and the
same procedure was done with a section of the
catheter, processing only the tip segment — VfC
for culture. Physical and ultrasound exams were
performed, while medical history was taken.

All enrolled patients were evaluated for ca-
theter exchange at three months after drug ces-
sation based on presentation records. The results
were compared to those obtained in the first
evaluation.

Photos of the catheter aspects revealing the
internal free area and the external level of en-
crustation were made for every catheter ex-
change. Image 5 reveals several aspects of the
indwelling catheters after extraction.

All data were collected and analyzed using
Microsoft—Excel software and Statistical Package
for the Social Sciences (SPSS) (IBM, Armonk, NY,
United States of America). Simple descriptive
statistics, standard deviation, percentages or me-
dian values were calculated for certain
variables. 4

RESULTS

n the second part of the year 2022, 22 patients

with chronic indwelling UC, of whom six
(27.27%) females and 16 (72.73%) males, were
enrolled in the current study.

The mean age of the study population was
79.41£6.26 years. Most of our patients were li-
ving with indwelling urinary catheters for a mean
time of 2.5 years, with a minimum of six months
to a maximum of five years, and most of them
had a mean catheter exchange interval of
7.32 days, with a minimum of three days and a
maximum of 13 days. None of these patients
made the catheter exchange within the recom-
mended one-month interval. All catheter
exchange rates were grouped into acute UTI,
macroscopic haematuria and symptomatic UTI.
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Statistics TABLE 1. General
Pretreatment | Pretreatment |Pretreatment |Pretreatment inner| descriptive statistics of
urinary pH |external area |internal area | catheter area (%) urinary pH and catheter

N Valid |22 22 22 22 related data

Missing | 0 0 0 0

Mean 7.4909 3.4250 1.2132 34.5655

Median 7.3500 3.4550 1.1300 34.3350

Standard deviation |.47800 55776 58111 13.10633

Minimum 6.50 1.70 A7 16.20

Maximum 8.30 4.01 2.59 64.75

Percentiles | 25 7.1750 3.1800 7800 26.3550

50 7.3500 3.4550 1.1300 34.3350
75 7.8750 3.9000 1.4250 38.9950

/ Pie Chart Representation for Reasons of Catheter Exchange

Reason for Catheter
Exchange

[ Acute Urinary Retention

Figure 1 shows that the main reason for catheter
exchange was acute urinary retention due to
catheter blockage secondary to encrustations in

\

B Haematuria 63.64% of cases. Symptomatic UTI was the se-
m Symptomatic Urinary Tract . o
Infection cond most common reason in 27% of cases.

The mean time of indwelling catheter was
2.5 years, with a minimum of 0.6 years and a
maximum of five years. These patients are usu-
ally instructed to come in for catheter exchange
monthly. In our study population, the mean
catheter exchange interval was 7.32 days, with
patients coming in for catheter exchange interval
much sooner than the recommended time inter-

/

FIGURE 1. Pie chart distribution of reasons for premature

catheter exchange

val.
At the first visit, urinary pH was recorded and
a mean of 7.49+0.47 was found. Catheters had

Bar chart of pathogens identified and reason for early catheter exchange.

Reason for Catheter
Exchange
M Acute Urinary Retention
W Haernaturia

@ Symptomatic Urinary Tract

a mean external area of 3.42 mm? and a mean
internal area of 1.21 mm?. Because catheter
sizes varied from patient to patient, we chose to

Count

Klebsiella Spp Pseu?;wm P. mirabilis

Morganella

"l

Before Treatment Urine Culture

use a percentual expression of inner catheter
area. The mean value of this variable was
34.56%, meaning that only 34% of the internal
area of the catheters was permeable to urine
flow.

Figure 2 illustrates the main pathogens identi-
fied upon enrolment in our study, of which
Proteus mirabilis was most strongly associated
with symptomatic UTlIs as a reason for early ca-

)

FIGURE 2. Bar chart of pathogens identified and the reason for

catheter exchange

theter exchange.
At baseline, catheter-related events were re-
gistered, of which acute urinary retention due to

Callieter-related events TABL'E 2 Obserx./ed Ca'theter-related
Tnclust P & - ) complications on inclusion at one month
ot cal acuitn TR MOy of treatment and after three months

Frequency | Percent | Frequency | Percent | Frequency | Percent

Acute urinary retention | 14 63.6 4 18.2 2 9.1

Haematuria 2 9.1 1 4.5

Symptomatic urinary

tract infection § 213

No events 17 713 20 90.9
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Frequency

\

o

WHypothesized

Mo Events Acute Urinary Retention Haematuria

Events After 1 Month

)

FIGURE 3. Bar chart of expected catheter-related events and
observed events after one month of drug administration

(.

Frequency

=

X

Frequen
H Observed

W Hypothesized

Acute Urinary Retention
Events After 3 Months

No Events

)

FIGURE 4. Bar chart of expected catheter-related events and
observed events after three months of drug administration

catheter blockage was the most commonly found
event (63.6% of cases), followed by symptomatic
UTl in 27.3% of patients (Table 2).

After one month of treatment with L-methio-
nine 500 mg b.i.d, the number of catheter-rela-
ted events significantly decreased for acute uri-
nary retention episodes, of which we registered
18.2%.

At the three months marker, catheter-related
adverse events were found in only 9.1% of pa-
tients, with two cases requiring early catheter
exchange for acute urinary retention.

With regard to this particular group of pa-
tients who were receiving indwelling catheters,
our hypothesis was that medical intervention
would result in a reduction in the number of
problems associated with catheters, such as
acute urine retention and fewer bouts of symp-
tomatic UTls. Therefore, we evaluated the null
hypothesis, according to which the outcomes

would not be affected by the intervention of
medical professionals.

Given that urine acidification is the primary
effect associated with the medicine, which leads
to a lower urinary pH level, we conducted a
paired sample t-test using pH levels both before
and after the medical intervention. Upon analy-
sis, it was shown that the mean urinary pH after
treatment was substantially lower [M=(5.67),
SD=(0.44)] than the pH before treatment
[M=(7.49), SD=(0.47)], which resulted in a sta-
tistically significant difference [t(21)=12.87,
p<0.001].

After showing a significant change in mean
urinary pH, we wanted to see if this effect can
achieve reduction of catheter-related complica-
tions. This can be observed in Table 2 in an em-
pirical fashion, but is this observation statistically
significant? To achieve statistical analysis of cate-
gorical data, we opted for one sample
Chi-squared non-parametric test.

Testing differences between initial cathe-
ter-related events and those recorded after one
month of treatment, we obtained a significantly
statistical result for the data presented in Table 2,
72(2), (22))=19.72, p<0.001.

This test shows that the observed reduction of
catheter-related events after one month treat-
ment with L-methionine 500 mg b.i.d, is statisti-
cally significant.

A similar statistical analysis of catheter-related
events that occurred after one month of treat-
ment to the end of the present study was per-
formed after three months, confirming a statisti-
cally significant  reduction of catheter
related-events after three-month treatment with
L-methionine 500 mgb.i.d.: x*((1), (22)) = 14.72,
p<0.001.

Table 3 shows the microorganisms identified
on a case-by-case basis at the start of the study,
at one month and at three months. An empirical
observation of this information would allow us to
hypothesize that L-methionine treatment would
shift bacterial type. Therefore, we used the
chi-squared test for non-parametric testing
[%%((3), (22)) = 1.63, p=0.65], which despite not
showing statistical significance, it did not neces-
sarily exclude our hypothesis.

Patients enrolled in the present study were
re-evaluated for catheter exchange interval at
three months after L-methionine cessation
(Table 4). The approximate exchange interval
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TABLE 3.
Urinary
tract
pathogens
associated
with
indwelling
catheter
identified
at the start
of the
study, then
after one
month and
three
months
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Patient | First visit culture | Second visit culture | Third visit culture
1 Klebsiella spp. E. coli Pseudomonas spp.
2 Pseudomonas spp. | Pseudomonas spp. Proteus mirabilis
3 Pseudomonas spp. | Pseudomonas spp. Proteus mirabilis
4 P. mirabilis Proteus mirabilis E. coli

5 P. mirabilis Proteus mirabilis Klebsiella spp.

6 Klebsiella spp, E. coli Klebsiella spp.

7 Morganella Klebsiella spp. Pseudomonas spp.
8 Morganella E. coli Klebsiella spp.

9 Pseudomonas spp. | Pseudomonas spp. E. coli

10 P. mirabilis Pseudomonas spp. E. coli

11 P. mirabilis Proteus mirabilis E. coli

12 Klebsiella spp. Proteus mirabilis Pseudomonas spp.
13 Morganella E. coli Klebsiella spp.

14 Morganella Klebsiella spp. Proteus mirabilis
15 Pseudomonas spp. | Pseudomonas spp. Klebsiella spp.

16 P. mirabilis Pseudomonas spp. E. coli

17 P. mirabilis Proteus mirabilis E. coli

18 Klebsiella spp. Proteus mirabilis E. coli

19 Morganella E. coli Klebsiella spp.

20 Pseudomonas spp. | Klebsiella spp. E. coli

21 P. mirabilis Proteus mirabilis Pseudomonas spp.
22 Pseudomonas spp. | E. coli E. coli

TABLE 4. Catheter exchange interval — comparison after

drug cessation at three months

Mean |N |Standard deviation
First visit evaluation 7.50 ]20}3.171
Three months after drug cessation | 8.9500|20]3.31623

that was registered was compared to the first
data obtained and statistical analysis was done
by paired t test, which showed t(19)= -1.836,

Cl (-3.1-0.2), p=0.082. O

DISCUSSION

B acterial resistance represents one of the great-
est medical challenges of the 21 century.
The research and development of new classes of
antibiotics is at a standstill and bacterial resis-
tance is becoming greater, reaching to include
last-line classes used in the treatment of infec-
tions such as carbapenems.

The presence of carbapenem-resistant En-
terobacteriaceae (CRE) poses an urgent risk to
public health. Most antibiotics are ineffective
against CRE and most CRE infections have poor
clinical outcomes. Currently, long-term care pa-
tients are particularly at risk for CRE infections
(6), which have a strong correlation with
long-term urine catheterization. The majority of
CRE infections in the US and Europe are linked
to healthcare settings.

The fact that most studies identify CRE bacte-
ria — a subset of MDR and XDR bacteria — from

urine is another factor. The majority of patients
seem to be those with chronic indwelling UCs
and those who have been exposed to extended
care facilities (7). The number of infections is in-
creasing.

The current study sought to enroll as many as
possible of patients with permanent indwelling
catheters for a six-month period. However, the
number of participants in our study was signifi-
cantly lower than anticipated because many of
those patients are frail, have limited mobility, rely
on personal belongings and would not agree to
participate in a study requiring a strict schedule
and frequent hospital visits.

The easily predictable demographics of the
cohort primarily consisted of elderly patients and
men, as urine retention (the primary identified
cause for placing UCs) was expected to develop,
and relatively few therapeutic choices are avai-
lable. Also, male predominance was not surpri-
sing, given the specific pathology.

It is important to highlight the rising frequen-
cy of catheter-related events and the short inter-
vals between changes in first-visit data. It was
noted that each of these patients experienced
significant UC side effects, which was most likely
the primary reason for their inclusion. There
were 22 catheter-related events. Urine had an
alkaline pH before treatment, which is recog-
nized to be the ideal environment for bacterial
colonization and biofilm development (23), par-
ticularly for urease-positive bacteria (24). About
one-third of the IIFA was the actual internal free
area (AIFA), indicating a high degree of encrusta-
tion and a corresponding decline in permeabili-
ty.

The frequency of incidents, the AIFA and the
pH value all dramatically dropped on the second
visit. The AIFA and IIFA were nearly two-thirds
apart and the pH was acidic. When permeability
increased, the number of UC-related incidents
dropped to five from 22 at the beginning (77.3%
drop) over the course of one month. Addition-
ally, there had been fewer UC-related occur-
rences after three months as compared to one
month — a total of two — indicating a 90.9% de-
crease from the beginning.

An interesting aspect of the present study is
the comparison between catheter exchange in-
terval at enrollment and after three months of
drug cessation. The findings showed that chronic
indwelling catheter patients reverted to a similar
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state before starting L-methionine administra-
tion.

A specific paragraph that requires discussion
is the microbiological aspect. Sterilization of the
bladder content was not the goal; the cultures
were consistently positive, as predicted. It is a
well-known fact that patients with prolonged in-
dwelling catheters have colonized bladders (25).
Although many species are present at low con-
centrations and typical cultures identify the
high-concentration germ, the colonization of the
urinary tract is actually more complex than what
is shown by culture (26, 27). Accordingly, the
bacterial flora in the catheterized urinary tract
varies throughout time, with various species pre-
dominating at different times (28). The first, se-
cond and third visit cultures are entered into a
table that accurately depicts the bacterial altera-
tions.

The main goal of this study was to minimize
septic complications, ultimately achieving zero
occurrences in the present series. The absence of
CA-UTl is likely not statistically significant due to
the small sample size, but it indicates remarkable
infection control.

The current findings show that the use of
L-methionine for the treatment of patients with
chronic indwelling urinary catheters effectively
manages mechanical and septic complications at
a reasonable cost. Future options may include
special coating UC (silver or special silicones) or
innovative  treatments  like  bacteriophages
(29-32). This technique achieves appropriate an-
tibiotic usage and stewardship goals, which re-
duces the pressure leading to the emergence of
AMR. This method fully encompasses all recom-
mendations for persistent indwelling catheters
care (33). Reducing the frequency of physician
visits, specialty treatments and hospital admis-
sions can lower the overall cost of medical care
by preventing problems.

After scientific research, it can be said that the
present study is one of the few research projects
studying the long-term effects of L-methionine
on indwelling catheters. The current investiga-
tion has some strengths and limitations. Firstly,
one of the main strengths of the present study
may be its prospective nature and the close ob-
servation of every case handled by the same
physician in one of the most representative Uro-

logy Centers in Romania. Conversely, the lack of
a placebo control group and the small number of
participants are the main limitations. However,
the lack of a placebo group was compensated by
analyzing the catheter exchange interval after
three months of drug cessation. 1

CONCLUSION

reatment with L-methionine in patients with

chronic indwelling urinary catheters revealed
good control of mechanical and septic complica-
tions at reasonable costs, with minimal compli-
cations. Future research on higher cohorts and
placebo control groups should be performed to
confirm the present results. O
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