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Abstract
Purpose Urinary tract infection (UTI) is a common complication after flexible ureteroscopy (fURS) despite technical precautions to avoid infectious complications. The aim was to investigate incidence and predictive risk factors of UTI following
fURS procedure.
Patients and methods We conducted a retrospective study including consecutive fURS performed in our center from January 2015 to March 2019. The indications were: nephrolithiasis management and diagnosis and conservative treatment of
upper urinary tract urothelial carcinomas (UTUC). Since 2015, we had technical precautions to avoid postoperative infectious complications: centralized collection of preoperative urine cultures which are examined daily by an urologist and a
service provider, systematic use of ureteral access sheath and application of standardized antibiotic prophylaxis measures.
The primary endpoint was occurrence of UTI within 15 days following fURS.
Results Six hundred and four fURS were included for nephrolithiasis (n = 462) and UTUC management (n = 142). The
median (IQR) age in the study cohort was 61(48–68) years, 268 female patients were included (44.4%), the median (IQR)
Charlson score was 2(1–4) and single-use fURS were used in 186 cases (30.8%). Postoperative UTI occurred in 41 cases
(6.7%). In multivariate analysis, female gender (OR 2.20 [1.02–5.02], p = 0.04), UTI within the last 6 months (OR 2.34
[1.12–5.11], p = 0.02), preoperative polymicrobial urine culture (OR 4.53 [1.99–10.56], p < 0.001) and increased operative
time (OR 1.02 [1.002–1.031], p = 0.02) remain associated with postoperative UTI.
Conclusions In a large cohort study, female gender, prior UTI, increased operative time and preoperative polymicrobial urine
culture were associated with the occurrence of postoperative UTI. Limiting operative time and improving our knowledge of
polymicrobial urine cultures could reduce the infectious risk.
Keywords Flexible ureteroscopy · Urinary tract infection · Polymicrobial urine culture · Single-use ureteroscope · Risk
factor

Introduction
The escalating technical refinements in flexible ureteroscopy
(fURS) greatly expanded its use and improved its safety.
Ureteroscopy is associated with a high success rate and relatively few complications. Flexible ureteroscopy underwent
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many improvements [1] leading to a widening of its indications with diagnostic and therapeutic management of upper
urinary tract pathologies such as urolithiasis [2] and urothelial tumors [3].
In addition to its widely applicable diagnostic and therapeutic benefits, fURS may be associated with noticeable
complications, most of which are Clavien grade I or II [4].
Urinary tract infection (UTI) is a common complication
after fURS responsible for patient’s suffering, increased
hospitalization time and additional costs to society [5].
Few studies have involved risk factors of UTI after ureteroscopy. Most of these studies had several biases including
technical heterogeneity in performing ureteroscopy (rigid
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or flexible ureteroscopy were included) [6, 7] and the populations included were limited to urinary lithiasis [8–11].
Since 2015, we have performed fURS with a standardized
technique including technical precautions to avoid infectious
complications of upper urinary tract: centralized collection
of preoperative urine cultures which are examined daily by
an urologist and a service provider, systematic use of ureteral access sheath and drainage of upper urinary tracts by
ureteral stent.
The objective of this study was to investigate predictive
risk factors of urinary tract infection (UTI) following flexible ureteroscopy procedure, including all indications, in a
tertiary center.

Materials and methods

to the result of the urine culture: sterile, polymicrobial or
positive. Urine culture was obtained 10 days before the procedure. Patients having sterile preoperative urine culture
received single-dose prophylactic IV antibiotics consisting
of 2 g cefazoline or 5 mg/kg gentamicin in case of penicillin allergy [13]. Patients having polymicrobial preoperative
urine culture (defined by a urine culture isolating at least
three microorganisms, of which none is predominant) were
treated by ceftriaxone 48 h before the intervention which
was continued until 1 day after surgery. Those having positive urine culture were contacted by the urologist to assess if
they had symptoms of UTI. In asymptomatic cases, according to the specific pathogens identified, a full course of antibiotics was started 5 days prior to surgery until 48 h after the
intervention. For those having clinically significant infection, intervention was deferred.

Study population

Ureteroscopy technique

We conducted a monocentric retrospective study including
all patients who underwent fURS in our university medical institution from January 2015 to March 2019. Exclusion
criteria were the use of rigid ureteroscope and antegrade
ureteroscopy, to focus on a homogeneous population of retrograde fURS. The study was declared and approved by the
Ethics Committee of the Association Française d’Urologie
(CERU_2019002). The study also guaranteed compliance
at all times to Law Jardé on the Research including Humans
Persons (18th November 2016, French Government).
The following variables were recorded in a dedicated
database: patient age and gender, body mass index (BMI),
age-adjusted Charlson comorbidity index, serum creatinine
level (µmol/l), creatinine clearance (ml/min/1.73 m2) estimated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [12], residence (home or
institution), presence of comorbidity of interest (indwelling
transurethral catheterization, diabetes mellitus, cystinuria
and immunosuppression), medical issues within the last 6
months (ureteroscopy, hospitalization, urinary infection/colonization and antibiotherapy), preoperative ureteral stenting,
results of preoperative urine culture (sterile, polymicrobial
or colonization), indication (lithiasis or tumor), nephrolithiasis size over 20 mm, type of fURS used (single-use ureteroscope or reusable ureteroscope), procedural laterality
(unilateral or bilateral), operative time, and postoperative
drainage using ureteral stent.

Ureteroscopy procedures were programmed and performed
by eight urologists for the following indications: nephrolithiasis management, diagnosis and conservative treatment of
upper urinary tract urothelial carcinomas. During the study,
our instrumentation of reusable fURS included three fibered
and two numeric ureteroscopes. In 2017, single-use fURS
were integrated (UscopePU3022™, Zhuhai Pusen Medical
Technology Company Limited, China) in our endoscopic
activities. Ureteroscopy was performed using a standard
technique. Hydrophilic-coated ureteral access sheaths were
systematically used. Irrigation was provided with saline
serum and a pressurized pump (Endoflow, Rocamed©) with
pressure at 60–70 c mH20. Lithotripsy was done using the
holmium laser system, which is currently the optimum
standard for fURS [14].

Preoperative urine culture management
Since January 2015, urine cultures were collected centrally
by an independent external service provider. All urine cultures were examined daily by the service provider and an
urologist. Standardized protocol was defined according
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Endpoints and assessments
The primary endpoint was occurrence of UTI within 15 days
following fURS. The diagnosis of UTI included physical
exam findings (UTI was suggested by fever > 38 °C, flank
pain, costovertebral angle tenderness, vomiting), radiologic
features (CT scan was always performed to detect nephritis
or pyelo-ureteritis, perirenal fat stranding, obstruction of the
upper urinary tracts, abscess or perirenal fluid collection
and ureteral stent migration), and laboratory works including blood count and C-reactive protein to find inflammatory
signs. In addition, urine culture, blood culture and antimicrobial susceptibility testing were performed in all cases of
UTI. According to the previous studies, postoperative UTI
was defined as the occurrence of a temperature higher than
38 °C associated with pyuria and/or bacteriuria without any
other focal infectious sites. Significant leukocyturia without
bacterial growth (aseptic leukocyturia) did not exclude the
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diagnosis of UTI, because the prevalence of preoperative
antibiotic therapy, influencing results of urine culture, could
be high. All cases of UTI were reviewed by two separate
reviewers (MB and RB) and this demonstrated measurement
concordance.

Data analysis
Demographic data, preoperative clinical information, perioperative and follow-up variables were extracted from medical files and recorded in a dedicated database. Descriptive
statistics were delineated for the available variables. Quantitative variables were reported in median and interquartile
range [IQR] and analyzed by the Mann–Whitney test. Categorical variables were described as numbers and percentages
and were analyzed by Fisher’s exact test and Chi square test.
Variables with p < 0.20 were then considered to be included
in a Firth’s penalized likelihood method in the multivariate logistic regression model to calculate the adjusted ORs
and 95% CIs. To detect multicollinearity, we calculated the
variance inflation factors of each variable included in the
model. No clinically relevant factors and factors with variance inflation factor (VIF) > 3 were excluded. The area under
the receiver operating characteristic (ROC) curve was used
to evaluate the model discrimination. Statistical analysis was
performed using R Version 3.5.3 (The R Foundation for Statistical Computing). For all tests, a two-sided p < 0.05 was
considered statistically significant.

Results
A total of 604 consecutive fURS were performed in our
institution from January 2015 to March 2019. Forty-one
patients (6.7%) had postoperative UTI (patients with UTI)
and 563 patients (93.3%) did not develop postoperative
infection (patients without UTI).

Clinical and demographic characteristics
Table 1 shows the baseline characteristics. The median
(IQR) age in the study cohort was 61 (48–68) years, 268
patients (44.4%) were women, the median (IQR) Charlson
score was 2 (1–4) and the median (IQR) body mass index
was 25.9 (23.5–30.4). Renal function, history of diabetes
mellitus, immunosuppression and cystinuria were comparable between both groups. Hospitalization within the last
6 months was found in 467 patients (77.3%) related to history of complicated pyelonephritis or previous ureteroscopy.
Of all patients, 391 (64.7%) had a ureteric stent inserted
before surgery. Preoperative double-J stents were inserted in
cases with history of complicated UTI or for passive ureteral
dilation to facilitate insertion of the ureteral access sheath.

Preoperative urine culture was collected from the majority of patients (n = 602 patients, 99.6%). Most of them were
sterile (n = 398, 65.9%). A hundred patients (16.6%) had
preoperative polymicrobial urine culture and were treated
by ceftriaxone 48 h before the intervention. Finally, 104
patients (17.2%) had preoperative positive urine culture and
were treated with a full course of antibiotics according to the
specific pathogens identified.

Flexible ureteroscopy characteristics
Flexible ureteroscopy was performed for urolithiasis in 462
cases (76.5%) and for diagnostic purposes or conservative
treatment of upper urinary tract urothelial carcinoma in 142
cases (23.5%). These interventions were mostly unilateral
(n = 578, 95.7%) and employed a single-use ureteroscope in
186 cases (30.8%). Ureteral access sheath was systematically
used for all patients. Median (IQR) operative time was 60
(40–75) min. Postoperative ureteral stenting was performed
in 576 patients (95.4%).

Incidence of UTI and predictive risk factors
Of the included 604 patients, 41 patients (6.7%) developed
postoperative UTI. The rate of UTI per year was stable during the study period (p = 0.47). The median (IQR) time
before postoperative UTI occurred was 2 (1–3) days. Hemodynamic instability was reported in four patients. The evolution of cases was favorable with antibiotic therapy except
for one death that occurred after 46 days of admission of the
patient to intensive care unit.
In univariate analysis (Table 1), female gender
(p < 0.001), urinary tract infection or colonization within
the last 6 months (p < 0.001), antibiotherapy within the last
6 months (p < 0.001), preoperative polymicrobial urine culture (p < 0.0001), preoperative colonization urine culture
(p = 0.03), lithiasis indication (p = 0.03), kidney stone greater
than 20 mm (p < 0.001) and operative time (p < 0.001) were
associated with post-ureteroscopy UTI.
In multivariate logistic regression analysis adjusted for
these variables (Table 2 and Fig. 1), female gender (OR 2.20
[1.02–5.02], p = 0.04), UTI within the last 6 months (OR
2.34 [1.12–5.11], p = 0.02), preoperative polymicrobial urine
culture (OR 4.53 [1.99–10.56], p < 0.001) and increased
operative time (OR 1.02 [1.002–1.031], p = 0.02) remained
associated with postoperative UTI.

Discussion
We examined a single-institution contemporary series of
consecutive patients undergoing fURS as management of
nephrolithiasis and upper urinary tract urothelial carcinoma.
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Table 1  Baseline characteristics in 604 patients undergoing flexible ureteroscopy

Female gender, n (%)
Median (IQR) age, years
Median (IQR) body mass index
Median (IQR) Charlson score
Diabetes mellitus, n (%)
Cystinuria, n (%)
Immunosuppression, n (%)
Median (IQR) serum creatinine level, µmol/l
Median (IQR) creatinine clearance, ml/mn/1.73 m2
Foley catheter, n (%)
Living in retirement homes, n (%)
Ureteroscopy within last 6 months, n (%)
UTI or colonization within last 6 months, n (%)
Preoperative ureteral stenting, n (%)
Hospitalization within last 6 months, n (%)
Antibiotherapy within last 6 months, n (%)
Preoperative urine culture
Sterile, n (%)
Polymicrobial, n (%)
Colonization, n (%)
Indication
Lithiasis, n (%)
Tumor, n (%)
Procedural laterality
Unilateral, n (%)
Bilateral, n (%)
Type of ureteroscope
Reusable, n (%)
Single use, n (%)
Kidney stone > 20 mm, n (%)
Median (IQR) operative time, min
Postoperative ureteral stenting, n (%)

Total cohort (n = 604)

Patients without UTI Patients with
(n = 563)
UTI (n = 41)

p

268 (44.4)
61 (48–68)
25.9 (23.5–30.4)
2 (1–4)
112 (18.5)
33 (5.5)
18 (3)
83 (67–105)
78 (59–98)
9 (1.5)
13 (2.2)
250 (41.4)
229 (37.9)
391 (64.7)
467 (77.3)
251 (41.6)

237 (42.1)
61 (48–68)
25.9 (23.5–30)
2 (1–4)
100 (17.8)
32 (5.7)
16 (2.8)
84 (67–106)
78 (59–98)
9 (1.9)
11 (2)
236 (41.9)
200 (35.5)
362 (64.3)
433 (76.9)
223 (39.6)

31 (75.6)
61 (44–66)
29 (22.8–34.5)
3 (1.5–4)
12 (29.2)
1 (2.4)
2 (4.9)
77 (62–96)
84 (59–101)
0 (0)
2 (4.9)
14 (34.2)
29 (70.7)
29 (70.7)
34 (82.9)
28 (68.3)

< 0.001
0.45
0.13
0.55
0.06
0.72
0.35
0.08
0.44
1
0.22
0.33
< 0.001
0.41
0.37
< 0.001

398 (65.9)
100 (16.6)
104 (17.2)

386 (68.6)
83 (14.7)
92 (16.4)

12 (29.3)
17 (41.5)
12 (29.2)

< 0.001
< 0.001
0.03

462 (76.5)
142 (23.5)

425 (75,5)
138 (24.5)

37 (90.3)
4 (9.7)

0.03

578 (95.7)
26 (4.3)

539 (95.7)
24 (4.3)

39 (95.1)
2 (4.9)

0.69

418 (69.2)
186 (30.8)
179 (29.6)
60 (40–75)
576 (95.4)

392 (69.6)
171 (30.4)
155 (27.5)
60 (40–75)
535 (95)

26 (63.4)
15 (36.6)
24 (58.5)
70 (60–80)
41 (100)

0.41
< 0.001
< 0.001
0.24

Bold values indicate significant results (p < 0.05)
UTI urinary tract infection

Incidence of infectious complication after fURS in the current study was 6.7% going with the previously reported rates
ranging from 2 to 28% [15].
We reported that female gender, urinary tract infection/
colonization within the last 6 months, polymicrobial preoperative urine culture and increased operating time were associated with UTI after fURS although technical precautions
to avoid infectious complication were systematically applied.
Female gender and UTI within the last 6 months are well
-known risks already described in previous studies [7, 9, 16].
The latest European guidelines [17] have recently evoked
the need for highest quality infectious risk management in
endourology by suggesting simple principles that allow

13

urologists to reduce urinary infection risk. In our study, we
did not find a significant association between positive preoperative urine cultures and postoperative UTI. This finding contrasts with those of several earlier studies, which
found positive preoperative urine culture to be a significant
predictor of postoperative sepsis in patients undergoing
ureteroscopy [6, 9]. Explanation may be that patients were
treated before intervention with a full course of antibiotics
till the specific pathogens were identified. Nevertheless, polymicrobial urine culture was associated with an increased
risk of UTI. The last recommendations [17] do not refer
to the management of this common clinical situation. In
our study, patients having polymicrobial preoperative urine
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Table 2  Multivariate penalized logistic regression analysis (Firth’s penalized method) of variables associated with postoperative UTI after flexible ureteroscopy

Female gender, n (%)
Diabetes mellitus, n (%)
UTI or colonization within last 6 months, n (%)
Preoperative urine culture
Polymicrobial, n (%)
Colonization, n (%)
Indication: lithiasis vs tumor, n (%)
Kidney stone > 20 mm, n (%)
Median (IQR) operative time (min)

Patients without
UTI (n = 563)

Patients with UTI p (univariate)
(n = 41)

p (multivariate)

VIF

237 (42.1)
100 (17.8)
200 (35.5)

31 (75.6)
12 (29.2)
29 (70.7)

< 0.001
0.06
< 0.001

0.04
0.09
0.02

1.127
1.017
1.142

100 (16.6)
104 (17.2)
425 (75.5)
138 (24.5)
155 (27.5)
60 (40-75)

83 (14.7)
92 (16.4)
37 (90.3)
4 (9.7)
24 (58.5)
70 (60–80)

< 0.001
0.03
0.03

< 0.001
0.10
0.09

1.458
1.516
1.216

< 0.001
< 0.001

0.13
0.02

1.320
1.218

Bold values indicate significant results (p < 0.05)
Area under the ROC curve: 0.8208
UTI urinary tract infection, VIF variance inflation factor
Factors excluded from multivariate analysis: Variables with p > 0.20 in univariate analysis, BMI (non-relevant medical factor), serum creatinine
level (creatinine clearance which has a better clinical interest was not significant in univariate analysis [p = 0.44]), preoperative sterile urine culture and antibiotherapy within last 6 months was also excluded for too high collinearity with others factors (VIF > 3)

Fig. 1  UC = Urine Culture

culture were treated by ceftriaxone 48 h before the intervention. This protocol does not seem to be suitable because
as shown in multivariate analysis this subgroup of patients
had an increased risk of UTI. A recent review evaluated the
management of polymicrobial urine cultures in endourology
[18]. The authors concluded that fosfomycin-tromethamine
treatment appeared to be a good compromise in this indication. Its spectrum of activity covers most of the bacteria
responsible for UTI other than Gram-positive cocci bacteria
[19, 20]. As mentioned in recommendations, treatment could
be started 48 h before the surgical procedure with a single
dose renewed the morning of the intervention. However,
these results must be confirmed by subsequent studies.

We also found that there is an association between
increased operative time of fURS and infectious complication. Prior studies have also shown that increased operative
time has been associated with higher rates of postoperative
complication [21, 22]. Our results suggest that increased
operative time was associated with an increased risk of subsequent UTI. It is commonly accepted that the duration of
the intervention should not exceed 1 h. For longer procedures, systematic drainage of the upper urinary tract and
additional antibiotic prophylaxis should be taken into consideration. Ureteral access sheath was systematically used
in our center during the study period and we have not been
able to report a possible protective effect related to its use.
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Ureteroscopes play an important diagnostic and therapeutic role in urology. However, if endoscopes do not attain
a sufficiently high level of sterilization, they may cause
outbreaks of healthcare-acquired infections. Recently,
Ofstead et al have examined 16 ureteroscopes after manual
cleaning and sterilization. Tests detected contamination in
100% of ureteroscopes (including hemoglobin, adenosine
triphosphate, protein) and microbial cultures were positive for samples from 2 of 16 ureteroscopes [23]. In front
of growing concerns regarding the transmission of severe
infections through reusable endoscopes [24], it is supposed
that operating with a single-use fURS would help avoiding
cross-contamination of rURS and thus decrease postoperative infectious complication [25]. We found that there is no
significant difference in postoperative UTI rates based on
the type of fURS used, single use or reusable. To our knowledge, this is the first study to compare UTI rates according
to the type of fURS used.
The main limitation of our study is its retrospective
design. However, our series reports extensive data from a
large cohort of patients. The homogenicity of the ureteroscopy technique in our series is a major advantage compared
to the previously published series: exclusion of rigid ureteroscopes and antegrade ureteroscopy, systematic use of a
ureteral access sheath, standardized management of preoperative urine cultures and application of identical antibiotic
prophylaxis measures throughout the study period. Another
limitation of the study is not to mention the lithiasis composition which may affect the postoperative infection risk
and also that stone burden was not objectively assessed by a
stone morphometric score. Finally, one of the main strengths
of the study is to compare the risk of UTI according to the
type of fURS (reusable or single use) used, which to our
knowledge, has never been described in the literature.

Conclusion
In a large cohort study, female gender, UTI within the last
6 months, increased operative time and preoperative polymicrobial urine culture were associated with the occurrence of postoperative UTI. In our study, patients having
polymicrobial preoperative urine culture had an increased
risk of urinary infection despite antibiotic coverage. These
data show the insufficiency of current knowledge to define a
simple and optimal management of this common situation in
urology. The necessity of well-conducted prospective studies
is therefore urgent to answer this clinical question: what is
the optimal management of preoperative polymicrobial urine
culture, such as molecule, dosing and duration of antibiotic
therapy and the possible benefit of antibiotic combination
versus monotherapy.
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