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ARTICLE INFO ABSTRACT

Managing Editor:Jingling Bao Background: A new type of silver alloy hydrogel-coated (SAH) catheter has been shown to prevent bacterial
Keywords: adhesion and colonization by generating a microcurrent, and to block the retrograde infection pathway. However,
Catheter C oating these have only been confirmed in ordinary patients. This study aims to evaluate the effectiveness of a SAH
Effectiveness evaluation catheter for preventing urinary tract infections in critically ill patients.

gioglm iated uri infecti Methods: This was a prospective single-center, single-blind, randomized, controlled study. A total of 132 patients
oitt;trfl:assomate urinary tract infection requiring indwelling catheterization in the intensive care unit (ICU) of the First Affiliated Hospital of the Uni-

versity of Science and Technology of China between October 2022 and February 2023 and who met the study
inclusion/exclusion criteria were randomly divided into two groups. Patients in the SAH catheter group received
a SAH catheter, while patients in the conventional catheter group received a conventional siliconized latex Foley
catheter. The main outcome measure was the incidence of catheter-associated urinary tract infections (CAUTIs).
Secondary outcome indicators included urine positivity for white blood cells and positive urine cultures on 3 days,
7 days, 10 days, and 14 days after catheterization, number of viable bacteria in the catheter biofilm on day 14,
pathogenic characteristics of positive urine cultures, length of ICU stay, overall hospital stay, ICU mortality, and
28-day mortality. All the data were compared between the two groups.

Results: A total of 68 patients in the conventional catheter group and 64 patients in the SAH catheter group
were included in the study. On day 7 after catheter placement, the positivity rate for urinary white blood cells
was significantly higher in the conventional catheter group than in the SAH catheter group (33.8% vs. 15.6%,
P=0.016). On day 10, the rates of positive urine cultures (27.9% vs. 10.9%, P=0.014) and CAUTIs (22.1% vs. 7.8%,
P=0.023) were significantly higher in the conventional catheter group than in the SAH catheter group. On day 14,
the numbers of viable bacteria isolated from the catheter tip ([3.21+1.91]x10° colony-forming units [cfu] /mL vs.
[7.44+2.22]x10* cfu/mL, P <0.001), balloon segment ([7.30+1.99]1x107 cfu/mL vs. [3.48+2.38]x10° cfu/mL,
P <0.001), and tail section ([6.41+2.07]1x10° cfu/mL vs. [8.50+1.46]x10° cfu/mL, P <0.001) were significantly
higher in the conventional catheter group than in the SAH catheter group. The most common bacteria in the
urine of patients in both groups were Escherichia coli (n=13) and Pseudomonas aeruginosa (n=6), with only one
case of Candida in each group. There were no significant differences between the two groups in terms of ICU
hospitalization time, total hospitalization time, ICU mortality, and 28-day mortality.

Conclusion: SAH catheters can effectively inhibit the formation of catheter-related bacterial biofilms in critically
ill patients and reduce the incidence of CAUTIs, compared with conventional siliconized latex Foley catheters;
however, regular replacement of the catheter is still necessary.
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Introduction

Catheter-associated urinary tract infections (CAUTIs) are
among the most commonly reported hospital-acquired infec-
tions. Jacobsen et al.l'] reported that more than 1 million pa-
tients in the United States suffer from CAUTIs every year, ac-
counting for 40% of all hospital-acquired infections, next to
respiratory system infections, while the proportion of CAUTIs
in China is also as high as 15-34%.!2] About 20% of cases of
hospital-acquired bacteremia are due to CAUTIs, associated with
an increase in mortality of hospitalized patients of about 10%.!
The intensive care unit (ICU) is heavily impacted by CAUTIs;
although many patients receive prophylactic or therapeutic an-
tibiotics, CAUTIs are still difficult to resist. This may be closely
related to the formation of bacterial biofilms on the surface of
the catheter. Longer catheter retention times allow the biofilm
on the catheter surface to become more solid, leading to possi-
ble blockage, and also forming a source of infections.[*! In ad-
dition, bacteria or fungi in the biofilm can be resistant to antibi-
otics independently of drug-resistance genes, forming a protec-
tive membrane-like structure through a self-produced polysac-
charide matrix and fibrin complex.®!

Evidence suggests that strict aseptic procedures during in-
dwelling catheter placement and shortening the duration of
catheterization can significantly reduce the incidence of CAUTIs
in the hospital.[®! In addition, biofilm formation can be pre-
vented by changing the material of the catheter surface to
reduce the incidence of CAUTIs, and various coated urinary
catheters have demonstrated advantages compared with tradi-
tional silicone and latex catheters that have been applied in clin-
ical settings. For example, silver-coated and nitrofural-coated
catheters have been used clinically since the early 2000s; how-
ever, although they can reduce the incidence of CAUTIs,!”! they
also have certain side effects, such as patient discomfort associ-
ated with nitrofural-coated catheters,'®! and may increase bac-
terial drug resistance,!*! silver ions can produce local toxic side
effectst'?] and the decrease in silver ions and formation of cal-
culi on the catheter surface affect the release of the silver, and
thus limit the antibacterial duration and effect.!'!! A new type
of silver alloy hydrogel-coated (SAH) catheter has recently en-
tered the healthcare market, with a gold, silver, and palladium
coating. This catheter has been shown to prevent bacterial adhe-
sion and colonization by generating a microcurrent and block-
ing the retrograde infection pathway, without producing any
significant toxic components.['?! The largest randomized con-
trolled study of SAH catheters to date (27,878 patients) showed
that it promoted a 32% reduction in the risk of urinary tract in-
fections and a 21% reduction in the incidence of CAUTIs, while
the incidence of secondary blood infections was reduced by 44%
and the number of all infecting microorganisms was reduced.[*!
However, these studies rarely targeted critically ill patients and
the ability of this catheter to reduce the incidence of CAUTIs
in critically ill patients has not been verified. Notably, patients
in ICU tend to have immune system disorders, widespread use
of antibiotics, and proliferation of drug-resistant bacteria, mak-
ing it necessary to re-evaluate the efficacy of SAH catheters for
preventing CAUTIs in these patients. We therefore conducted
a prospective, randomized, controlled study to evaluate the ef-
fectiveness of this SAH catheter for preventing bacteriuria and
CAUTIs in critically ill patients with indwelling catheters and to
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evaluate the formation of biofilms on the catheter surface using
a semi-quantitative colony-counting method.

Methods
Patient population

This prospective single-center, single-blind, randomized,
controlled study was conducted in the ICU of the First Affiliated
Hospital of the University of Science and Technology of China
(Anhui Provincial Hospital) from October 2022 to February
2023. The study included critically ill patients aged >18 years in
the ICU who required indwelling catheterization. Patients who
met any of the following criteria were excluded: (1) estimated
time of indwelling catheter <14 days; (2) long-term use of glu-
cocorticoids or immunosuppressive drugs; (3) malignancy; (4)
hematological diseases; (5) autoimmune diseases or immunod-
eficiency; (6) history of structural urinary tract diseases (like
prostatic hyperplasia, urinary calculus, urethral malformation,
etc.); (7) patients with indwelling catheterization for >48 h be-
fore admission; (8) urinary tract infection or latent infection be-
fore admission to ICU; and (9) acute or chronic renal function
injury. Patients who meet either of the following criteria will
be withdrawn from this study: (1) the enrolled patients had an
indwelling catheter for less than 14 days; (2) the patient expe-
rienced intolerable adverse events, and the researchers believe
that it cannot be ruled out as a result of experimental interven-
tion; (3) serious violation of the trial protocol by patients or re-
searchers; and (4) subjects request to withdraw from the study.
All the subjects volunteered to participate in the clinical study
and signed an informed consent form.

Randomization and study protocol

The patients were divided randomly into a SAH catheter
group and a conventional catheter group in a 1:1 ratio according
to a computerized simple random method. Patients in the SAH
catheter group received an indwelling SAH catheter (BIP Fo-
ley Catheter, Bactiguard AB, Stockholm, Sweden) and patients
in the conventional catheter group received a conventional in-
dwelling siliconized latex Foley catheter (Henan Chengan Med-
ical Technology Co., Ltd., Xinxiang, China). Urine samples were
collected on days 3, 7, 10, and 14 after catheter placement for
routine urine and urine culture examination. To protect the pa-
tients’ interests, if CAUTIs were diagnosed, the catheter was im-
mediately replaced and the patient received appropriate anti-
infection treatment, and the observation was terminated. All re-
maining catheters were removed on day 14, irrespective of the
presence of CAUTIs.

Observation indicators

The main outcome measure was the incidence of CAUTIs,
based on the clinical and etiological diagnostic criteria in the
“Hospital Infection Diagnostic Standard (Trial)” issued by the
Ministry of Health of the People’s Republic of China. Consider-
ing the study was not blinded to the investigators and there was
a subjective judgment in the diagnosis process of CAUTIs, the
diagnosis was completed by another group of senior physicians.
They independently completed the diagnosis without reference
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Patient admitted to the ICU

between October 2022 to February 2023 (n=415)

Excluded

Estimated time of indwelling catheter <14 days (»=107);

Use of glucocorticoids or immunosuppressive drugs (n=37);

Malignancy or hematological diseases (#=36);

Autoimmune diseases or immunodeficiency (n=13);

History of structural urinary tract diseases (n=16);

Patients with indwelling catheterization for >48 h before admission (1#=9);
Urinary tract infection or latent infection before admission to ICU (n=21);
Acute or chronic renal function injury (n=35).

A A

Underwent randomization (n=141)

Withdrawn

Indwelling catheter for less than 14 days (#=5);
Subjects request to withdraw from the study (n=4).

A 4

Patients were finally enrolled in the study (n=132) |

Conventional catheter
group (n=68)

SAH catheter group (n=64)

Figure 1. Flowchart of study participants. ICU: Intensive care unit; SAH: Silver alloy hydrogel-coated.

to the judgment of the patients’ healthcare team. Secondary out-
come indicators included the presence of white blood cells in the
urine and the rate of positive urine cultures on days 3, 7, 10,
and 14; the numbers of viable bacteria in the biofilm on the tip,
balloon, and tail segments of the catheter; the pathogenic char-
acteristics of positive urine cultures; length of ICU stay; overall
hospital stay; ICU mortality; and the 28-day mortality rate.

Catheter biofilm viable count

The numbers of viable bacteria (cfu) in the biofilm on the sur-
face of the catheter after removal on day 14 were determined
semi-quantitatively for 10 randomly selected patients in each
group, using a colony-counting method. The tip, balloon, and
tail segments of the catheter were cut off in an aseptic envi-
ronment, rinsed gently in 3 mL phosphate-buffered saline (five
times), the surface layer of planktonic bacteria was washed off,
and the catheter was placed in 2 mL Luria-Bertani (LB) broth
medium (BD Difco, Franklin Lakes, NJ, USA). Adherent bacte-
ria on the surface of the catheter were completely removed by
ultrasound (250 kHz, 40% power, 15 min), mixed with 100 pL of
LB broth, diluted several times in a 10-fold gradient, and 10 pL
was then added into a sterile LB agar (BD Difco, Franklin Lakes,
NJ, USA) plate and smeared evenly. The procedure was repeated
three times in parallel and an effective concentration included
30-300 visible colonies in a single plate. The average number
of visible colonies was then calculated.

Statistical analysis

All data analysis was conducted using SPSS 23.0 (IBM, Ar-
monk, NY, USA). Measured data with a normal distribution
were expressed as mean+standard deviation and compared by t-
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tests, and data not conforming to a normal distribution were ex-
pressed as median (interquartile range) and compared between
groups using non-parametric tests. Numerical data were ex-
pressed as numbers (percentage) and compared between groups
using y? test or Fisher’s exact probability methods or continuity-
corrected y? for classified variables. A two-tailed P <0.05 was
considered a significant difference.

Results
Baseline data of subjects

A total of 415 patients were admitted to the ICU between
October 2022 and February 2023. After excluding patients who
did not meet the relevant criteria, a total of 141 patients were
enrolled in the study. Five patients with indwelling catheter-
ization shorter than 14 days were withdrawn from the study,
and four patients requested to withdraw from the study. Finally,
132 subjects were enrolled in the study, including 68 patients
in the conventional catheter group and 64 patients in the SAH
catheter group (Figure 1). The baseline clinical data for the two
groups are shown in Table 1. There were no significant differ-
ences between the groups in terms of baseline demographics,
main diagnosis at admission to ICU, underlying disease, and
laboratory examinations before randomization. In addition, 53
(78.0%) and 49 (76.6%) patients in the conventional and SAH
catheter groups, respectively, had antimicrobial use <7 days
before randomization, with no significant difference between
the groups, and there was no significant difference between the
groups in the types of antibiotics used before and after random-
ization, indicating that the use of antibiotics did not affect the
comparability between the two groups (Table 2).
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Table 1
Baseline characteristics of patients in the conventional catheter group and SAH catheter group.
Item Conventional catheter SAH catheter group P-value
group (n=68) (n=64)

Age (years) 64.6 + 17.5 60.0 + 18.7 0.145
Gender, female 30.0 (44.1) 28.0 (43.8) 0.966

Main diagnosis
Pulmonary infection 18.0 (26.5) 14.0 (21.9) 0.538
Cerebral vascular accident 13.0 (19.1) 8.0 (12.5) 0.299
Trauma 2.0 (2.9 8.0 (12.5) 0.081
Acute coronary syndrome 5.0 (7.4) 6.0 (9.4) 0.674
Acute pancreatitis 4.0 (5.9) 5.0 (7.8) 0.925
Encephalitis 4.0 (5.9) 1.0 (1.6) 0.399
Intestinal obstruction 2.0 (2.9) 3.0 (4.7) 0.945
Drug poisoning 2.0 (2.9) 3.0 (4.7) 0.945
Valve heart disease 3.0 (4.4) 1.0 (1.6) 0.655
Status epilepticus 2.0 (2.9) 1.0 (1.6) 1.000
Pulmonary embolism 2.0 (2.9) 1.0 (1.6) 1.000
Liver failure 1.0 (1.5) 2.0 (3.1) 0.958
Diabetic ketoacidosis 1.0 (1.5) 2.0 (3.1) 0.958
Others 4.0 (5.9) 4.0 (6.3) 1.000

Comorbidity disease
Cardiovascular disease 43.0 (63.2) 37.0 (57.8) 0.524
Chronic respiratory disease 19.0 (27.9) 20.0 (31.3) 0.667
Disease of the nervous system 18.0 (26.5) 22.0 (34.4) 0.323
Diabetes 16.0 (23.5) 14.0 (21.9) 0.821
Liver disease 6.0 (8.8) 8.0 (12.5) 0.493
Others 4.0 (5.9) 5.0 (7.8) 0.925

Severity of illness at ICU admission
APACHE II score 19.7 +5.7 18.1 +6.5 0.121
SOFA score 13.0 (11.3-15.0) 12.5 (11.0-15.0) 0.456

Laboratory examination
White blood cell count (x10°/L) 10.40+2.7 10.3 £ 2.7 0.787
Neutrophil percentage (%) 79.8 + 8.6 81.2+84 0.369
Procalcitonin (ng/mL) 2.5 (0.8-7.5) 2.5 (0.8-6.8) 0.969
C-reactive protein (mg/L) 49.9 (20.7-76.5) 48.4 (19.4-78.3) 0.845
Creatinine (umol/L) 71.5+18.4 67.5 + 18.5 0.217

Data are expressed as n (%) or mean+standard deviation or median (interquartile range).
APACHE II: Acute physiology and chronic health evaluation scoring system; ICU: Intensive care unit; SAH: Silver alloy hydrogel-coated; SOFA: Sequential

organ failure assessment.

Table 2

The types of antibiotics used in the two groups of patients before and after randomization.

Antibiotic Before randomization After randomization
Conventional catheter SAH catheter P-value Conventional catheter SAH catheter P-value
group (n=68) group (n=64) group (n=68) group (n=64)
Cephalosporins 25.0 (36.8) 24.0 (37.5) 0.930 19.0 (27.9) 17.0 (26.6) 0.859
p-lactamase inhibitors 15.0 (22.1) 16.0 (25.0) 0.690 22.0 (32.4) 19.0 (29.7) 0.741
Aminoglycosides 6.0 (8.8) 5.0 (7.8) 0.834 7.0 (10.3) 6.0 (9.4) 0.859
Quinolones 14.0 (20.6) 15.0 (23.4) 0.693 13.0 (19.1) 11.0 (17.2) 0.774
Carbapenems 11.0 (16.2) 9.0 (14.1) 0.735 18.0 (26.5) 17.0 (26.6) 0.990
Glycopeptides 8.0 (11.8) 7.0 (10.9) 0.881 12.0 (17.6) 13.0 (20.3) 0.696
Antifungal drugs 4.0 (5.9 3.0 (4.7) 1.000 9.0 (13.2) 11.0 (17.2) 0.527

SAH: Silver alloy hydrogel-coated.

Positive rates of urine leukocytes, urine culture, and
incidence of CAUTIs in the two groups

Figure 2 shows the rates of urine white blood cells and pos-
itive urine cultures, and the incidence of CAUTIs at 3 days,
7 days, 10 days, and 14 days after catheter placement in the
conventional and SAH catheter groups. All three indicators in-
creased with time. The positivity rates for urinary white blood
cells on days 3, 7, 10, and 14 after catheter placement in the
conventional catheter group were 11 (16.2%), 23 (33.8%), 29
(42.6%), and 36 (52.9%), respectively, and the rates in the SAH
catheter group were 4 (6.3%), 10 (15.6%), 13 (20.3%), and 18
(28.1%), respectively. The differences between the groups were
significant on the 7th day (P=0.016), 10th day (P=0.006), and
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14th day (P=0.004). The rates of positive urine cultures on days
3, 7, 10, and 14 were 4 (5.9%), 12 (17.6%), 19 (27.9%), and
26 (38.2%), respectively, in the conventional catheter group,
and 1 (1.6%), 5 (7.8%), 7 (10.9%), and 13 (20.3%) in the SAH
catheter group, with significant differences between the groups
on the 10th day (P=0.014) and 14th day (P=0.024). The num-
bers of CAUTIs on days 3, 7, 10, and 14 were 3 (4.4%), 6 (8.8%),
15 (22.1%), and 23 (33.8%), respectively, in the conventional
catheter group, and 0 (0%), 1 (1.6%), 5 (7.8%), and 7 (10.9%),
respectively, in the SAH catheter group, with significant differ-
ences between the groups on the 10th day (P=0.023) and 14th
day (P=0.002). The incidences of CAUTIs per 1000 catheter-
days in the conventional catheter group and SAH catheter group
were 24.2 and 7.8, respectively.
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Figure 2. The rates of urine white blood cells (A), positive urine cultures (B), and the incidence of CAUTIs (C) at 3 days, 7 days, 10 days, and 14 days after catheter

placement in the conventional catheter and SAH catheter groups.
*The difference between groups was statistically significant (P <0.05).

CAUTIs: Catheter-associated urinary tract infections; SAH: Silver alloy hydrogel-coated.

Conventional catheter group (n=26)
Bacterium
Escherichia coli
Pseudomonas aeruginosa

12

Enterococcus faecium
Klebsiella pneumonia
Staphylococcus aureus
Enterobacter cloacae
Proteus mirabilis
Acinetobacter baumannii
Fungus
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Distribution of pathogens in the two groups

Figure 3 shows the distribution of pathogenic bacteria in
urine cultures in the two groups. Only one pathogenic microor-
ganism was reported in urine cultures from each patient. Bac-
teria were detected in urine cultures from 25 patients in the
conventional catheter group and 12 in the SAH catheter group
on day 14 (P=0.021); however, there was no significant differ-
ence in specific species between the two groups (P >0.05). The
most common bacteria in urine cultures in both groups were
Escherichia coli (n=13) and Pseudomonas aeruginosa (n=6), with
only one case of Candida in each group.

Bacterial colony counts in biofilms on two kinds of catheters

Viable bacteria on different parts of the catheter
were counted after the removal of the urethral catheter
on day 14 in 10 randomly selected patients from each

group. The numbers of viable bacteria isolated from
the tip, balloon, and tail segments in the conven-
tional catheter group were [3.21+1.91]x 10° cfu/ml,
[7.30+1.99]x107 cfu/mL, and [6.41+2.07]1x10°> cfu/mL,

respectively, and the numbers in the SAH catheter group
were [7.44+2.221x10* cfu/mL, [3.48+2.38]1x10° cfu/mL,
and [8.50+1.46]x10% cfu/ml, respectively. The differences
between the groups were significant for each part (P <0.001;
Figure 4).

Prognosis in each group

Table 3 shows the prognosis of patients in the conventional
and SAH catheter groups. There were no significant differences

'SAH catheter group (n=13)
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Figure 3. Distribution of pathogenic bacteria
in the two groups of patients according to
the urine culture. SAH: Silver alloy hydrogel-
coated.

P value
0.021
0.178
0.732
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Table 3
Prognosis of patients in the conventional catheter and SAH catheter groups.

Item Conventional SAH catheter P-value
catheter group group (n=64)
(n=68)
ICU LOS (days) 21.0 (17.0-24.8) 21.0 (17.0-24.0) 0.464
Total LOS (days) 24.5 (22.0-27.0) 24.0 (21.3-27.0) 0.601
ICU mortality (%) 7.3 5.0 1.000
28-day mortality (%) 14.5 11.7 0.881

Data are expressed as n (%) or median (interquartile range).
ICU: Intensive care unit; LOS: Length of stay; SAH: Silver alloy hydrogel-coated.

between the groups in terms of the length of stay (LOS) in the
ICU, total LOS, ICU mortality, and 28-day mortality.

Discussion

The current study included 132 critically ill patients and
compared urinary white blood cells, urinary cultures, and the
incidence of CAUTIs between patients receiving conventional
and SAH catheters. Although most of the patients received anti-
infective therapies before catheterization, the above indexes
were still increased in both groups on the third day after catheter
insertion, with no significant advantages of the SAH compared
with the conventional catheter at this time. On the 7th day, how-
ever, the incidence of urinary white blood cells was significantly
higher in the conventional catheter group compared with the
SAH catheter group, providing the earliest indication of a sig-
nificant difference between the two groups. By the 10th day, the
positive urine culture rate and incidence of CAUTIs were both
significantly reduced in the SAH catheter group compared with
the conventional catheter group. SAH catheters thus reduced the
incidence of CAUTIs in critically ill patients in clinical practice
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Figure 4. Bacterial colony counts in biofilms on different parts of the two kinds
of catheters after removal of the urethral catheter on day 14. *The difference be-
tween groups was statistically significant (P <0.001). SAH: Silver alloy hydrogel-
coated.

compared with conventional siliconized latex Foley catheters,
but the effect may not become significant until around 1 week
after catheterization. Although the advantages of SAH catheter
must be recognized, we should also realize that it is possible to
effectively prevent CAUTIs by replacing conventional urinary
catheters in the short term.

Urine cultures detect free bacteria in the urine. There was
no significant difference between the two groups in terms of
the types of pathogenic microorganisms, suggesting that SAH
catheters inhibit a wide range of microorganisms, consistent
with the study by Chung et al.['?!, Aljohi et al.l'*!, and Rupp
et al.l’>] However, only one patient’s urine from each group cul-
tured fungi, and we were therefore unable to judge whether or
not SAH catheters can effectively inhibit the growth of fungi.

Biofilms are communities of sessile bacteria that adhere to
biotic or abiotic surfaces and are protected by a polymeric ma-
trix generated by the bacterial cells.['®] Biofilm-associated in-
fections are difficult to treat, and microorganisms in catheters
are less susceptible to antimicrobials than their planktonic
counterparts.['”! Understanding the formation of biofilms on the
surface of catheters is therefore important for preventing and re-
ducing CAUTIs. Bacterial biofilms on SAH catheters have only
been investigated in vitro to date, and SAH catheters were shown
to reduce bacterial colonization in vitro by 60% after 30 days,
compared with conventional catheters.['®! Further, in vivo stud-
ies and clinical trials of the inhibitory effects of SAH catheters on
biofilm are required. In clinical practice, most critically ill pa-
tients will be exposed to broad-spectrum antibiotics, which can
inhibit free bacteria but may also disturb the balance of the uro-
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genital microbiome and promote the propagation of specific mi-
croorganisms to produce biofilms.['®] The pathogenic microor-
ganisms cultivated from the middle urine in this study included
E. coli, P. aeruginosa, Klebsiella pneumoniae, Acinetobacter bau-
mannii, Enterococcus faecium, Staphylococcus aureus, and Candida
(Figure 3), almost all of which have strong abilities to form
biofilms.[?°! We compared the formation of bacterial biofilms
on the surfaces of the two kinds of catheters after 14 days,
and showed that SAH catheters had significantly fewer viable
biofilm bacteria on different parts of the catheter compared with
conventional catheters, indicating that SAH catheters can effec-
tively inhibit the formation of bacterial biofilms.

Although SAH catheters are widely recognized to reduce
CAUTIs and inhibit the formation of bacterial biofilms, the cur-
rent results showed no difference in hospital stay or mortality
between the SAH catheter and conventional catheter groups,
which seems to contradict the conclusion that CAUTIs con-
tribute to increased patient mortality. This apparent discrepancy
may be attributed mainly to the fact that SAH catheters only re-
duced the incidence of CAUTIs by 22.9% during the observation
period, and this protective effect may thus not be reflected in the
prognosis.

This study had some limitations. First, it was a single-center
study with a limited sample size. Second, although we tried to
ensure the consistency of the baseline data between the two
groups of patients, the disease types were not limited, and het-
erogeneity between the patients may thus have led to a selection
bias. Following the request of the Ethics Committee of the Re-
search Center, the indwelling catheterization time should not
exceed 14 days. However, insufficient intervention may lead to
bias on some prognostic indicators, such as mortality and length
of ICU stay.

Conclusions

In conclusion, this prospective, randomized controlled trial
showed that the SAH catheters could effectively reduce urinary
bacteria, reduce the incidence of CAUTIs, and inhibit the for-
mation of catheter-related bacterial biofilms in critically ill pa-
tients compared with conventional catheters; however, it is still
necessary to replace the catheter regularly, irrespective of the
catheter material.

Author Contributions

Menglong Zhao: Methodology, Data curation, Writing —
Original draft preparation. Shike Geng: Methodology, Data
curation. Lei Zhang: Visualization, Investigation. Xiaoqin
Fan: Methodology, Data curation, Formal analysis. Fei Tong:
Methodology, Data curation. Xianlin Meng: Methodology, Data
curation. Tianfeng Wang: Methodology, Data curation. Xi-
aowei Fang: Methodology, Data curation. Qing Mei: Supervi-
sion, Visualization, Project administration. Aijun Pan: Concep-
tualization, Supervision, Visualization, Project administration.

Acknowledgments

We thank Susan Furness, PhD, from Liwen Bianji (Edanz)
(www.liwenbianji.cn) for editing the English text of a draft of
this manuscript.


http://www.liwenbianji.cn

M. Zhao, S. Geng, L. Zhang et al.
Funding

This work was supported by the Anhui Provincial
Key Research and Development Program (grant number:
202104j07020043) and the Natural Science Research Project
of Colleges and Universities in Anhui Province (grant number:
2022AH051264).

Ethics Statement

This study was conducted after an agreement from the Ethics
Committee of the First Affiliated Hospital of the University of
Science and Technology of China (Ethics No: 2022-ky163) and
registered in the China Clinical Trial Registration Center (regis-
tration No: ChiCTR220065484). Each patient who participated
in the survey provided a signed informed consent form or had
a family member sign an informed consent form. In general, all
data in this study were obtained in accordance with the Helsinki
Declaration.

Conflicts of Interest

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have ap-
peared to influence the work reported in this paper. All the au-
thors of the manuscript have agreed to publish.

Data Availability

The datasets used or analyzed during the current study are
available from the corresponding author on reasonable request.

References

[1] Jacobsen SM, Stickler DJ, Mobley HL, Shirtliff ME. Complicated catheter-associated
urinary tract infections due to Escherichia coli and Proteus mirabilis. Clin Microbiol
Rev 2008;21(1):26-59. doi:10.1128/CMR.00019-07.

Peng D, Li X, Liu P, Luo M, Chen S, Su K, et al. Epidemiology of pathogens and an-
timicrobial resistance of catheter-associated urinary tract infections in intensivecare
units: a systematic review and meta-analysis. Am J Infect Control 2018;46(12):e81-
90. doi:10.1016/j.ajic.2018.07.012.

Ellahi A, Stewart F, Kidd EA, Griffiths R, Fernandez R, Omar MI. Strategies for the
removal of short-term indwelling urethral catheters in adults. Cochrane Database
Syst Rev 2021;6(6):CD004011. doi:10.1002/14651858.CD004011.pub4.

[2]

[3]

124

[4

=

[5

fad}

[6

—

[7]

[8

[}

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Journal of Intensive Medicine 4 (2024) 118-124

Werneburg GT. Catheter-associated urinary tract infections: current challenges and
future prospects. Res Rep Urol 2022;14:109-33. doi:10.2147/RRU.S273663.
Maharjan G, Khadka P, Siddhi Shilpakar G, Chapagain G, Dhungana GR. Catheter-
associated urinary tract infection and obstinate biofilm producers. Can J Infect Dis
Med Microbiol 2018;2018:7624857. doi:10.1155/2018/7624857.

Burton DC, Edwards JR, Srinivasan A, Fridkin SK, Gould CV. Trends in catheter-
associated urinary tract infections in adult intensive care units-United States, 1990-
2007. Infect Control Hosp Epidemiol 2011;32(8):748-56. d0i:10.1086/660872.
Lee SJ, Kim SW, Cho YH, Shin WS, Lee SE, Kim CS, et al. A comparative multi-
centre study on the incidence of catheter-associated urinary tract infection between
nitrofurazone-coated and silicone catheters. Int J Antimicrob Agents 2004;24(Suppl
1):865-9. doi:10.1016/j.ijantimicag.2004.02.013.

Fisher LE, Hook AL, Ashraf W, Yousef A, Barrett DA, Scurr DJ, et al. Bio-
material modification of urinary catheters with antimicrobials to give long-
term broadspectrum antibiofilm activity. J Control Release 2015;202:57-64.
doi:10.1016/j.jconrel.2015.01.037.

Pickard R, Lam T, MacLennan G, Starr K, Kilonzo M, McPherson G, et al. An-
timicrobial catheters for reduction of symptomatic urinary tract infection in adults
requiring short-term catheterisation in hospital: a multicentre randomised controlled
trial. Lancet 2012;380(9857):1927-35. doi:10.1016,/50140-6736(12)61380-4.
Cutting K, White R, Edmonds M. The safety and efficacy of dressings with silver —
addressing clinical concerns. Int Wound J 2007;4(2):177-84. doi:10.1111/j.1742-
481X.2007.00338.x.

Morgan SD, Rigby D, Stickler DJ. A study of the structure of the crystalline bacterial
biofilms that can encrust and block silver Foley catheters. Urol Res 2009;37(2):89-
93. doi:10.1007/500240-009-0176-6.

Chung PH, Wong CW, Lai CK, Siu HK, Tsang DN, Yeung KY, et al. A prospective inter-
ventional study to examine the effect of a silver alloy and hydrogel-coated catheter
on the incidence of catheter-associated urinary tract infection. Hong Kong Med J
2017;23(3):239-45. doi:10.12809/hkmj164906.

Karchmer TB, Giannetta ET, Muto CA, Strain BA, Farr BM. A randomized crossover
study of silver-coated urinary catheters in hospitalized patients. Arch Intern Med
2000;160(21):3294-8. doi:10.1001/archinte.160.21.3294.

Aljohi AA, Hassan HE, Gupta RK. The efficacy of noble metal alloy urinary catheters
in reducing catheter-associated urinary tract infection. Urol Ann 2016;8(4):423-9.
doi:10.4103/0974-7796.192099.

Rupp ME, Fitzgerald T, Marion N, Helget V, Puumala S, Anderson JR, et al. Ef-
fect of silver-coated urinary catheters: efficacy, cost-effectiveness, and antimicro-
bial resistance. Am J Infect Control 2004;32(8):445-50. doi:10.1016/j.ajic.2004.
05.002.

Sidrim JJ, Amando BR, Gomes FI, do Amaral MS, de Sousa PC, Ocadaque CJ,
et al. Chlorpromazine-impregnated catheters as a potential strategy to control
biofilm-associated urinary tract infections. Future Microbiol 2019;14:1023-34.
doi:10.2217/fmb-2019-0092.

Kart D, Kustimur AS, Sagiroglu M, Kalkanci A. Evaluation of antimicrobial durabil-
ity and anti-biofilm effects in urinary catheters against Enterococcus faecalis clinical
isolates and reference strains. Balkan Med J 2017;34(6):546-52. doi:10.4274/balka-
nmed;.2016.1853.

Mazzoli S. [Biofilm and bacterial microrganisms in genito-urinary infections]. Infez
Med 2009;17(Suppl 1):3-9.

Gunardi WD, Karuniawati A, Umbas R, Bardosono S, Lydia A, Soebandrio A,
et al. Biofilm-producing bacteria and risk factors (gender and duration of catheter-
ization) characterized as catheter-associated biofilm formation. Int J Microbiol
2021;2021:8869275. doi:10.1155/2021/8869275.

Chenoweth CE, Gould CV, Saint S. Diagnosis, management, and preven-
tion of catheter-associated urinary tract infections. Infect Dis Clin North Am
2014;28(1):105-19. doi:10.1016/j.idc.2013.09.002.


https://doi.org/10.1128/CMR.00019-07
https://doi.org/10.1016/j.ajic.2018.07.012
https://doi.org/10.1002/14651858.CD004011.pub4
https://doi.org/10.2147/RRU.S273663
https://doi.org/10.1155/2018/7624857
https://doi.org/10.1086/660872
https://doi.org/10.1016/j.ijantimicag.2004.02.013
https://doi.org/10.1016/j.jconrel.2015.01.037
https://doi.org/10.1016/S0140-6736(12)61380-4
https://doi.org/10.1111/j.1742-\penalty -\@M 481X.2007.00338.x
https://doi.org/10.1007/s00240-009-0176-6
https://doi.org/10.12809/hkmj164906
https://doi.org/10.1001/archinte.160.21.3294
https://doi.org/10.4103/0974-7796.192099
https://doi.org/10.1016/j.ajic.2004.\penalty -\@M 05.002
https://doi.org/10.2217/fmb-2019-0092
https://doi.org/10.4274/balkanmedj.2016.1853
http://refhub.elsevier.com/S2667-100X(23)00034-8/sbref0018
https://doi.org/10.1155/2021/8869275
https://doi.org/10.1016/j.idc.2013.09.002

	Prevention of urinary tract infection using a silver alloy hydrogel-coated catheter in critically ill patients: A single-center prospective randomized controlled study
	Introduction
	Methods
	Patient population
	Randomization and study protocol
	Observation indicators
	Catheter biofilm viable count
	Statistical analysis

	Results
	Baseline data of subjects
	Positive rates of urine leukocytes, urine culture, and incidence of CAUTIs in the two groups
	Distribution of pathogens in the two groups
	Bacterial colony counts in biofilms on two kinds of catheters
	Prognosis in each group

	Discussion
	Conclusions
	Author Contributions
	Acknowledgments
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability
	References


