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Risk factors in bacterial colonization of internal ureteral stent
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Abstract: A ureteral stent is most broadly used to manage upper urinary tract disorders such as obstruction and prevent post-
endoscopic complications. However, the stent may become a niche for bacterial colonization. This study aimed to determine
the rate of bacterial colonization and type of bacteria in internal ureteral stents and the risk factors associated with bacterial
colonization. This prospective cross-sectional study included 100 consecutive adult patients who had temporary ureteral
stenting as preparation for a secondary ureterorenoscopy at Al-Yarmook Hospital/ Baghdad. All included patients were negative
for bacterial culture before stenting.

Stent and urine culture were performed at the time of stent removal. The colonization rate and bacteriuria in patients with
internal ureteral stent were 19% and 9%, respectively. The most common bacteria in-stent and urine were E. coli accounting for
31.58% and 33.33%. Pseudomonas aeruginosa was common in stent culture, representing 21.05%. Positive bacterial culture
was confirmed in 19 stents and 9 urine samples. All cases with positive urine samples were also positive for culture. Thus,
the sensitivity and specificity of urine culture for detection of stent colonization were 47.37% and 100%, respectively. Diabetes
mellitus, chronic renal failure, and prolonged stenting were significantly associated with increased stent colonization. The
ureteral stent could be a source of urinary tract infection. The most pathogenic bacteria associated with the ureter stent are E.
coli and Pseudomonas aeruginosa. Risk factors associated with stent colonization are diabetes mellitus, chronic renal failure,

and prolonged indwelling time.
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|
Introduction

Ureteral Double-J (DJ) stents are broadly employed to
treat obstruction in upper urinary tract and avoid post-endos-
copic complications. Moreover, these stents are also used to
decrease the possible risk of obstruction resulting in stone
fragmentation after extracorporeal shock-wave lithotripsy
(ESWL), especially in patients with relatively large stones'. On
the other hand, a ureteral stent is generally associated with
several complications, including dysuria, hematuria, lumbar or
suprapubic pain?, stent migration, fragmentation, and encrus-
tation. However, the most severe complication possibly invol-
ves the biofilm formation on the stent and infection, which may
be associated with bacteremia, renal worsening, pyelonephri-
tis, or even mortality because of the development of sepsis®.

The biofilms that form on the ureteral stent can origina-
te from urinary tract microbiota or contamination of the stent
during insertion of the device*. Moreover, the internal ureteral
stents offer a perfect medium for bacterial adhesion, coloni-
zation, and biofilm formation®. Regardless of its origin, biofilm
formation on the stent indicates that even very small numbers
of bacteria can rapidly benefit from the niche-altering non-self
material to grow and increase their population. Previous stu-
dies in stented patients have indicated that 70% to 90% of tho-
se patients developed bacterial colonization®.

The present study aimed to determine the rate of bac-
terial colonization and type of bacteria in an internal ureteral
stent and determine the risk factors associated with bacterial
colonization of these stents.

|
Materials and methods

Patients
This is a single prospective center observational study in-

cluding all consecutive adult patients who had ureteral sten-
ting as part of management for a secondary ureterorenoscopy
(URS) due to urolithiasis during the period from April 2020 to
May 2021 in the department of Urology/ Al-Yarmook Teaching
Hospital, Baghdad, Irag. Patients positive for urine bacterial
culture, immune suppression, pregnant women, those with
previous surgery for lower urinary tract, and those who refu-
sed to give consent were excluded from the study. Demogra-
phic data, including age, gender, body mass index (BMI), the
presence of comorbidities, and stent dwelling time, were ex-
tracted through direct interviews or from patient records. The
study was approved by the Institutional Review Board (IRB) of
Al-Dewaniyah Technical Institute, Al-Furat Al-Awsat Technical
University. Written consent from each participant was obtai-
ned at the time of sample collection after explaining the aim of
the study. Each patient was given the complete unconditioned
choice to withdraw anytime. The patients were assured that
data will be used for research purposes only. Based on inclu-
sion and exclusion criteria, the eligible patients who give the
consent form were 100 patients.

Bacterial Isolation from Stents and Urine

At the time of stent removal, Midstream urine from all
patients was collected. The stents were removed under anti-
septic conditions with the aid of a cystoscope and foreign body
forceps. All stent segments (inner and outer surface and the
stent tip) were splashed with 1 mL sterile tryptic soy broth
solution. The resultant liquid was vortexed for 1 minute, then
diluted (1/100) with phosphate buffer saline. Both urine sam-
ples and diluted stent preparation were immediately transfe-
rred to a Brain heart infusion (BHI) medium. The medium was
incubated at 37°C overnight. The samples were then subcultu-
red aerobically on MacConkey agar, while chocolate agar me-
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dia was used for incubation under CO, conditions. The growth
of microorganisms on the agar was evaluated quantitatively
(growth of >1000 colony-forming units/mL was considered
positive)”. Api20E system was used to identify Enterobacteria-
ceae, while Api Staph System was used to identify staphylo-
cocci (bio-Merieux, France). These systems can detect bacteria
to species level. For other bacteria, routine biochemical tests
were used for identification. These included the oxidase test,
catalase test, CAMP test, motility agar, and urease test.

Statistical Analysis

All statistical analyses were performed using SPSS Sta-
tistics Windows, Version 25.0 (Armonk, NY: IBM Corp.). Data
were expressed as mean and standard deviation (for quanti-
tative variables) and frequency and percentage (for binomial
variables). Student t-test or Chi-square as required was used
to compare the association between different factors and the
stent colonization. The level of significance was set at p < 0.05.

Demographic and Clinical Characteristics of the Patients

The mean age of the patients was 53.01+9.67 years (ran-
ge 26-82 years). About three-quarters of the patients were
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males. The mean BMI was 26.44+3.57 kg/m?. Most patients
(60%) had no comorbidity, while 25% and 24% of them were
suffering from DM or hypertension, respectively. The mean
stent indwelling time was 42.32+9.9 days (range 24-66 days),
as shown in table 1.

Microbiology

Out of 100 stents, positive culture was confirmed in 19
stents (19%). On the other hand, only 9 urine samples had a
positive culture. Interestingly, all positive urine samples were
positive for stent culture. On the other hand, 10 positive stent
cultures had negative urine cultures. Thus, urine culture's
sensitivity and specificity for stent colonization detection are
47.37% and 100%, respectively (Table 2).

The most common bacterium was E. coli encountered in
31.58% and 33.33% of stent and urine cultures. P. aeruginosa
came next accounted for 21.05% of stent colonization but was
not detected in urine samples. Staphylococcus epidermidis and
Klebsiella pneumoniae were detected in 10.53% and 11.11%
of stent and urine culture, respectively (Table 3). None of the
stent or urine cultures had mixed infection.

Variables Value
Age, years
Mean+SD 53.01+9.67
Range 26-82
Gender
Male 76(76%)
Female 24(24%)
Body mass index, kg/m?
Mean+SD 26.44+3.57
Range 18.4-35.45
Comorbidities
No comorbid 60(60%)
DM 25(25%)
Hypertension 24(24%)
Chronic renal failure 6(6%)
Malignancy 5(5%)
Stent indwelling, days
Mean+SD 42.3249.9
Range 24-66

DM: diabetes mellitus, HTN: hypertension. URS: ureterorenoscopy

Table 1. Patients' characteristics and demographic data (n=100).

Urine culture | Stent colonization Total
positive Negative Table 2. Relationship of stent colonization with
urine culture.
Positive 9 0 9
Negative 10 81 91
Total 19 81 100
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Association of Demographic and Clinical Characteristics
with Stent Colonization

Two factors were significantly associated with stent co-
lonization: comorbidities and stent indwelling. A 47.37% of
patients in the bacterial colonization group had DM compared
with 19.75% among patients without colonization with a sig-
nificant difference. Similarly, chronic renal failure was more
common among patients than without colonization (15.79%
vs. 3.7%), with a significant difference. The mean time for ind-
welling stent patients with colonization was 47.68+9.63 days
compared with 41.06+9.59 days in patients without coloniza-
tion, with a highly significant difference (Table 4).

|
Discussion

According to the result of the present study, 19% and 9%
of internal ureteral stents and urine samples were positive for
bacterial colonization. A speedy result was obtained by Ulkar
et al®, in which bacterial colonies were demonstrated in 20%.
Also, Lojanapiwat® reported that bacterial colonization and
growth in-stent culture was detected in 7 of 35 patients (20%).
A much higher rate was reported in other studies. Kehinde et
al.® reported that about 42 % of patients with indwelled stent
had their stent colonized, while 17% developed bacteriuria. Li-
fschitz et al™ reported that 45 of their patients had positive
stent culture, and 15% suffered from bacteriuria. In Bangla-
desh, Rahman et al.® investigated 100 adult patients who had

ureteral stent placement for different urinary tract operations.
Bacterial colonies were found in 45% of the stent, while bacte-
riuria was found only in 21% of patients. On the other extreme,
as high as 90% of stent colonization was reported in an earlier
series of 30 patients®

These discrepancies in the colonization rate may be attri-
buted to several factors, the most important of which are the
polymer characteristic of the stent, indwelling times, different
patient populations, and technical issues. The relatively low
rate of colonization in the present study reflects the high stan-
dard of hygiene followed by the operative team, and maybe
some prophylactic antibiotics were taken by the patients.

In the present study, the sensitivity and specificity of bac-
teriuria in the detection of stent colonization were 47.37% and
100%, respectively. In a similar study, Lifshitz et al.** demons-
trated that the sensitivity and specificity of urine culture were
31% and 97%, respectively. Thus, in maost cases, urine culture
had low sensitivity and very high specificity because mostly
urine gives negative results when there is no stent coloniza-
tion, but not all stent colonization results in bacteriuria.

According to the present study, E. coli and. P. aeruginosa
was the most predominant pathogen in-stent and urine cultu-
re. In this regard, different studies disclosed different bacte-
rial profiles of stent and urine colonization. In many previous
studies, E. coli and Enterococci spp were found to be the most
prevalent®* In a Turkish study, the most frequently isolated
bacteria were Staphylococcus epidermidis, Escherichia coli,

P. aeruginosa

4(21.05%)

0(0%)

Enterococcus spp

3(15.8%)

0(0%)

Bacteria Stent culture Urine Culture
(N=19) (N=9)
E coli 6(31 _580/[,) 3(33_33?/0) Table 3. Bacterial iso-

lates from stent and
urine samples.

Staphylococcus epidermidis 2(10.53%) 1(11.11%)
Klebsiella pneumoniae 2(10.53%) 1(11.11%)
Enterococcus fecalis 1(5.26%) 1(11.11%)
Achromobacter sp. 1(5.26%) 1(11.11%)
Proteus mirabilis 0(0%) 2(22.22%)
Variables With bacterial Without bacterial | p-value
colonization (n=19) | colonization (n=81)
Age, years 54.26+10.8 52.7249.43 0.533
Table 4. Bacterial | Gender
isolates from stent | Male 13(68.42%) 63(77.78%) 0.390
and urine samples. Female 6(31.58%) 18(22.22%)
BMI, kg/m? 25.68+3.7 26.62+3.54 0.308
Comorbidities
DM 9(47.37%) 16(19.75%) 0.012
Hypertension 7(36.84%) 17(20.99%) 0.125
Chronic renal failure | 3(15.79%) 3(3.7%) 0.046
Malignancy 0(0%) 5(6.17%) 0.267
Stent indwelling, days | 47.68+9.63 41.06£9.59 0.008




and Enterococcus faecalis®. In Rahman's et al.'s study, E. coli
was the common organism isolated from both stent and uri-
ne’. Lojanapiwat et al.? found that Staphylococcus epidermidis
is the predominant bacteria responsible for stent colonization.
Two other recent studies described gram-positive pathogens,
particularly Staphylococcus, as predominant bacterium?®s16,
Farsi et al.*® reported that P. aeroginosa was most commonly
isolated from both stents and urine. Paick et al.*’ isolated En-
terococcus species from 6 stents out of 25, followed by E. coli
(5 0f 25). They indicated that Gram-positive and gram-negative
bacteria were similarly distributed in-stent cultures; neverthe-
less, only gram-negative bacteria were established in urine
cultures. Another study demonstrated that Acinetobacter sp.
and R. pickettii were the most common pathogens, followed
by Staphylococci and Pseudomonas species in-stent culture’.

Therefore, it seems that each study has its peculiar con-
ditions regarding antibiotic use, isolation, stent material, and
study population that result in specific bacterial profiles.

There was almost complete agreement between stent
and urine in the types of bacterial isolates. These data suggest
that colonization in the stent is a crucial step of UTI and prece-
des colonization in the urine.

In the present study, DM and chronic renal failure, as co-
morbidities, were significantly associated with an increased
stent colonization rate. Furthermore, the meantime for indwe-
lling stent patients with colonization was significantly longer
than in patients without colonization. Following these results
is the outcome of many previous studies worldwide. Akay et
al.** investigated risk factors for UTI and stent colonization in
190 patients with ureteral stents. The independent risk factors
for the development of UTI were DM, chronic renal failure, and
pregnancy. Altuna et al.*® demonstrated that UTI was more
common in patients with ureteral stents with DM and chronic
renal failure.

Diabetes is known to hurt the immune system. Besides,
the presence of sugar in the urinary tract enhances bacterial
growth. On the other hand, chronic renal failure is associated
with urinary stagnation, alkalization of urine, and absence of
flushing action®®. All these factors increase the likelihood of
bacterial colonization.

The association of prolonged stent dwelling with stent
colonization is beyond dispute. Most studies in this regard
demonstrated that stent dwelling periods were significantly
correlated with stent colonization rates!®. The longer the ind-
welling period, the higher rate of stents colonized. Rahman et
al® disclosed that the colonization rate was 71.4% in stents
that exist for 6 weeks compared to 33.3% in those that exist for
4-6 weeks and 23.5% for stents removed before 4 weeks. In a
prospective study, Farsi et al.*® investigated stent colonization
in 266 patients for 2 weeks to 27 months. A linear correlation
was disclosed between the indwelling time and stent coloniza-
tion rate. Coskun et al.?*® emphasized that prompt removal of
the stent can significantly decrease the rate of UTI. Shabenaa
et al?* did not find bacterial colonization in the first two weeks
of stent employment.

As dwelling time increases, there will be more chance for
different bacterial strains to adhere and colonize the stent re-
gardless of the stent material. Eventually, a biofilm is formed,
and most bacteria find their way to the urine.

The study has some limitations. Firstly, it was a sin-
gle-center study with a limited number of patients, and the
result cannot be generalized. Therefore, multicenter studies
with a larger sample size are required for more solid conclu-
sions. Secondly, the study did not link stent colonization with
clinical symptoms and patients' quality of life. That is because
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the study was intended to be a microbiological rather than a
clinical study. However, this study provides a clear insight into
the risk of bacterial colonization of internal ureteral stent.

|
Conclusions

The study findings indicate the importance of internal ure-
teral stent as a source for UTI. The most pathogenic bacteria
associated with the ureter stent are E. coli and Pseudomonas
aeruginosa. Risk factors associated with stent colonization are
DM, chronic renal failure, and indwelling time. Thus, the use
of ureter stents should be reduced to a short dwelling time.
Otherwise, every measure should be taken to reduce the sent
colonization, especially in diabetics and patients with chronic
renal failure, such as regular urine analysis and prophylactic
broad-spectrum antibiotics.
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