Urolithiasis (2024) 52:45
https://doi.org/10.1007/500240-024-01546-7

RESEARCH q

Check for
updates

Urinary tract infection after flexible ureterorenoscopy for urolithiasis
in patients with positive treated preoperative urinalysis

Jeanne Simon'2 - Francois Kleinclauss'>3 - Eric Chabannes’ - Kevin Bouiller** - Alexandre Frontczak'3

Received: 28 November 2023 / Accepted: 10 February 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract

Prevalence of kidney stones is increasing worldwide, flexible ureterorenoscopy (f-URS) is the most common surgical treat-
ment. Postoperative urinary tract infection (PUTI) is the primary complication. Some risk factors are classically associated
with PUTI, especially preoperative positive urinalysis (POPU). We aimed to identify risk factors for PUTT after f-URS for
urolithiasis in patients with treated POPU, and to identify the different pre and postoperative pathogens. Retrospective,
single-center study of all f-URS for urolithiasis between January 2004 and December 2020. Procedures with treated POPU
were categorized as PUTI or no PUTI (NPUTI). We examined demographics, preoperative, perioperative and postoperative
characteristics in each group. Among 1934 procedures analyzed, 401 (20.7%) had POPU; these were categorized into NPUTI
(n=352, 87.8%) and PUTI (n=49, 12.2%). By univariate analysis, only preoperative stenting duration (76.3 in NPUTI group
vs 107.7 days in PUTI group, p=0.001) was significantly associated with a higher risk of PUTI in univariate analysis. Germ
distribution was similar in both groups. We compared pre- and postoperative microbiological data for interventions with
PUTI, and found that only 8.7% of pathogens were identical between pre and postoperative urinalysis. Our study shows that
the rate of PUTI is higher for patients with a POPU and that preoperative stent duration is the sole risk factor in patients
with POPU. The low concordance rate (8.7%) between POPU and post-operative pathogens highlights the need for further
research on obtaining sterile preoperative urinalysis, or performing intraoperative culture (urines, stent or stone), to treat
PUTI early with an adapted antibiotic therapy.
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Introduction

The prevalence and incidence of kidney stone disease
have increased over the past few decades, affecting up to
20% of the population in some countries [1, 2]. One of the
main associated risks is recurrence. For urological stones
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requiring intervention, flexible ureterorenoscopy (f-URS)
has been the most commonly used surgical treatment for
over 30 years [3]. Because it is effective, minimally invasive
and associated with few adverse events, [4] many scientific
communities worldwide recommend it [5-7]. Urinary tract
infection (UTT) is one of the main complications of f-URS,
[4, 8-11] occurring in up to 8.5% of patients [12]. Several
risk factors are classically associated with UTI, such as
comorbidities, presence of material in the urinary tract, and
preoperative presence of bacterial or fungal urinary colo-
nization [12-14]. To screen for such preoperative urinary
tract colonizations, preoperative urinalysis is recommended
and commonly performed, along with antibiotic prophylaxis
administered perioperatively [7, 15]. Despite these precau-
tions, post f-URS UTI remains a cause of severe complica-
tions. It is well established that positive preoperative urinary
tract cultures (POPU), despite being treated, is a risk factor
for postoperative urinary tract infection (PUTI) as shown by
numerous studies [12—-14, 16, 17]. In this respect, surgical
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practices vary, with some surgeons only performing f-URS
in case of a sterile or sterilized urinalysis, whereas others do
not routinely perform a urinalysis.

In this study, we aimed to evaluate the associated fac-
tors for UTI in patients with treated POPU who underwent
f-URS. The secondary objective was to determine the infec-
tious microorganisms responsible for PUTIL.

Methods
Study design and patient

We retrospectively analyzed all f-URS procedures performed
for urolithiasis between January 2004 and December 2020
in our tertiary care university department. Only adults over
18 years were included. Procedures performed for diagnostic
purposes, or for upper urinary tract tumors were excluded.
Then, among procedures performed in patients with treated,
positive preoperative urinalysis, we separated patients into a
group who experienced PUTI (PUTI group) and those who
did not (no PUTI (NPUTI) group) (Fig. 1).

The primary outcome was PUTI within 30 days after sur-
gery. PUTI was defined as fever (temperature above 38.5 °C)
and need for antibiotic treatment, with bacteriological docu-
mentation on either urine or blood cultures.

Pre-, per and postoperative evaluation

The following data were recorded: demographics (age,
gender, body mass index (BMI), Charlson comorbidity

1941 f-URS

1540 sterile preoperative urinalysis —

401 f-URS positive preoperative
urinalysis

NPUTI* group
n =352 (87.8%)

PUTI* group
n =49 (12.2%)

Fig.1 Study Flow Chart. *NPUTI no postoperative urinary tract
infection. * PUTI postoperative urinary tract infection
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index (CCI), history of diabetes, anticoagulant or anti-
platelet agent), stone characteristics (localization, cumula-
tive stone diameter, stone density), surgical history (pres-
ence of a preoperative stent, preoperative urine culture,
preoperative antibiotic therapy, operative time, ureteral
access sheath use, ureteral dilatation, laser use, complete
fragmentation, stone localization, postoperative stent),
surgical and anesthetic complications classed according
to the Clavien—Dindo classification [18] and the additional
antibiotic prophylaxis during surgery.

We identified the spectrum of antibiotics used preopera-
tively, and compared it to the spectrum of antibiotics used
for prophylaxis during surgery. If the preoperative antibi-
otics had a narrower spectrum, the antibiotic prophylaxis
during surgery was considered complementary.

The complete fragmentation and stone free (SF) rate
was defined as the total absence of residual stone after
rigorous examination at the end of the surgery and imag-
ing evaluation.

Surgical and perioperative procedures

According to the department protocol, all patients with
POPU were treated with an antibiotic appropriate for
the identified pathogen 48 h before surgery and contin-
ued for 3 days thereafter. Procedures were performed
by several surgeons from our urological department fol-
lowing a standardized protocol [4]. Patients were placed
in the dorsal lithotomy position, and all surgeries were
performed under general anesthesia [19]. During surgery,
for additional antibiotic prophylaxis, with cefazoline,
it was carried out at the discretion of the surgeon and
anesthesiologist.

All procedures were preceded by careful skin prepara-
tion, comprising cleaning and disinfection according to
local protocols.

Statistical analysis

Qualitative variables were analyzed by Chi-square or
Fisher’s test and quantitative variables by the Mann—Whit-
ney U test. A p-value <0.05 was considered statistically
significant. All analysis were performed using XLSTAT®
2021.3.1 (Addinsoft Inc., Paris, France).

Results
Between January 2004 and December 2020, 1934 proce-

dures were performed: 781 in women (40.4%) and 1153 in
men (59.6%). Overall, PUTT occurred in 118 interventions
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(6.1%). Eight patients (0.41%) had postoperative septic
shock.

Among the 1934 procedures performed, 401 (20.7%)
had positive preoperative urinalysis. These 401 patients
were categorized according to PUTI occurrence: 352
(87.8%) interventions had no PUTI (NPUTI group) and
49 (12.2%) had PUTI. The rate of PUTI among patients
with POPU was significantly higher than that observed in
the overall population (6.1 vs 12.2%, p <0.001). Patient
demographics and peroperative data were comparable in
both groups; these data are summarized, as well as stone
characteristics and peroperative data in Tables 1 and 2.
The hospitalization duration was longer in the PUTI group
(4.98 vs 2.96 days, p<0.001). In the NPUTI group, 324
(92.0%) interventions were complication free. Nineteen
(5.4%) Clavien—Dindo stage I complications, 9 (2.6%)
stage II, and O stage III, IV or V complications were
observed. In the PUTI group, all procedures had PUTI and
therefore were classified at least as Clavien—Dindo stage
II complications (94%), additionally, one stage 111 (2.0%),
one stage IV (2.0%) and one stage V corresponding to a
death (2.0%) were observed.

By univariate analysis, only the duration of preopera-
tive stent differed significantly between groups (107.7 vs
76.3 days, p=0.001).

We analyzed microbiological data from treated preoper-
ative urinalysis in both groups. The germs identified were
distributed in similar proportions in both groups, with
Gram-Negative Bacilli (GNB) being the predominant fam-
ily (accounting for 59.1% in the NPUTI group and 57.1%
in the PUTI group), followed by Gram-Positive Cocci
(GPC) (21.0% and 16.3%, respectively), fungus (2.6%
and 4.1%, respectively) and Gram-Positive Bacilli (GPB)
(1.1% in the NPUTI group). Two germs were identified in
7.7% in the PUTI group, and 16.3% in the NPUTI group
(Table 1). There was no difference between the preopera-
tive antibiotic therapy used (Table 1).

We compared the microorganisms from preoperative
urinalysis with those found during postoperative infectious
episodes for all procedures with PUTI. The microorgan-
isms responsible for PUTI were as follows: 55.1% GNB,
20.4% GPC, 14.3% a combination of two germs and 2.0%
fungus (Table 3).

In 65.2% (n=30) of cases, the germs identified in the
pre- and postoperative samples were different. In the
remaining 34.8% (n=16) the pre- and postoperative germs
were identical. Of these, 26.1% (n=12) had the same germ
with a different antibiogram between pre- and postopera-
tive urinalysis, while only 8.7% (n=4) had PUTI with
complete agreement between the pre- and postoperative
urinalysis microorganism (Fig. 2).

Discussion

In this cohort of procedures with POPU, even properly
treated, the only persistent associated factor was the dura-
tion of the preoperative ureteric stenting. These predisposing
factors have been highlighted in different systematic reviews,
and while age, BMI, sex gender, diabetes mellitus have a
controversial role according to different studies, POPU is
uniformly found [17, 20-22]. The microorganism identified
in the POPU versus those responsible for PUTI were only
minimally concordant: the same germ was found in 26.1%,
but the antibiogram was identical in only 8.7% of cases.

We observed a PUTI rate of 6.1% in overall cohort of
1934 procedures, which is in the lower range of average,
compared to existing studies, where infectious complica-
tions are reported to occur in 6 to 8.5% [17, 21]. A recent
large study including 71,305 procedures in England showed
a 6.8% rate of postoperative urinary tract infection [11]. A
study examining patients who had f-URS after obstructive
acute pyelonephritis found a higher rate of PUTI, at 16%.
In our study, this criterion did not emerge as significant but
for procedures with POPU, the PUTI rate was 12.2% [23].

To the best of our knowledge, no study has specifically
assessed PUTI rates in patients with preoperative positive
urinalysis. The absence of associated factors in this popu-
lation, except for the duration of the preoperative ureteric
stent, may suggest that preoperative positive urinalysis,
although correctly treated, could be an important risk factor.
It may be worth considering, as previously recommended
by the Committee of Infectiology of the French Urologist
Association in 2015, performing f-URS only after obtaining
a sterile urine culture [24].

Both the European Association of Urology and the
French Society of Anesthesia and Intensive Care (SFAR)
recommend performing urological endoscopic surger-
ies with a sterile urinalysis or one that has been treated
curatively. Perioperative antibiotic prophylaxis is also
recommended; however, no specific guidelines address
the necessity for antibiotic prophylaxis in cases where a
positive urinalysis has already been treated. The impact
of perioperative antibiotic prophylaxis when the preop-
erative urinalysis is positive remains to be investigated.
Indeed, our study does not reveal any statistical association
between the group with or without additional prophylaxis.
This could potentially be explained by reduced number
of participants; however, as far as we know, this is the
only study to compares additional antibiotic prophylaxis
in patients with a positive preoperative urinalysis [19, 25].

We can underline that the distribution of preopera-
tive pathogens was similar in both groups (PUTI and
NPUTI). GNB were predominant, followed by GPC,
fungus, and GPB. Cole et al. recently studied unplanned
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Table 1 Comparison of patient demographics, stone characteristics and preoperative data between those with and without PUTI

Features Postoperative urosepsis p-value
NPUTI group PUTI group
(n=352) (n=49)
Gender, n (%) 0.47
Men 132 (37.50) 21 (42.86)
Women 220 (62.50) 28 (57.14)
Age in years, mean (standard deviation) 57.64 (17.22) 58.14 (19.18) 0.803
BMI? (kg/mz), mean (standard deviation) 27.14 (6.83) 25.58 (5.66) 0.093
Diabetes, n (%) 0.166
Yes 64 (18.18) 5 (10.20)
No 288 (81.82) 44 (89.80)
Anticoagulant or antiplatelet treatment, n (%) 0.073
Yes 87 (24.72) 18 (36.73)
No 265 (75.28) 31 (63.27)
Charlson Comorbidity Index, mean (standard deviation) 3.11 (2.78) 3.65 (2.63) 0.162
Urolithiasis history, n (%) 0.599
Yes 229 (65.06) 30 (61.22)
No 123 (34.94) 19 (38.78)
Stone discovery on OAP, n (%) 0.646
Yes 76 (21.59) 12 (24.49)
No 276 (78.41) 37 (75.51)
Preoperative diversion 0.267
Yes, n (%) 250 (71.02) 31 (63.27)
No, n (%) 102 (28.98) 18 (67.73)
Duration in days, mean (standard deviation) 76.32 (80.09) 107.69 (70.72) 0.001
Stone location, n (%) 0.472
Renal 160 (45.45) 24 (48.98)
Ureteric 35(9.94) 7 (14.29)
Multiple 157 (44.60) 18 (36.73)
Stone location, n (%) 0.655
Right 176 (50.00) 23 (46.94)
Left 156 (44.32) 25 (51.02)
Bilateral 19 (5.40) 1(2.04)
Renal transplant 1(0.28) 0 (0.00)
Stone location, n (%) 0.871
Upper pole 16 (4.55) 3(6.12)
Middle pole 16 (4.55) 3(6.12)
Lower pole 86 (24.43) 12 (24.49)
Renal pelvis 42 (11.93) 6 (12.24)
Ureteral 35(9.94) 7 (14.29)
Multiple locations 157 (44.60) 18 (36.73)
Stone length (mm), mean (standard deviation) 14.98 (11.66) 17.13 (12.94) 0.433
Stone density (UH), mean (standard deviation) 814.57 (344.79) 807.44 (352.13) 0.896
Complex stone, n (%) 0.149
Yes 57 (16.19) 12 (24.49)
No 295 (83.81) 37 (75.51)
Stone size, n (%) 0.103
<20 mm 255 (72.44) 31 (63.27)
>20 pp 86 (24.43) 18 (36.73)
Missing data 11 0
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Table 1 (continued)

Features Postoperative urosepsis p-value
NPUTI group PUTI group
(n=352) (n=49)
Preoperative microbiologic identification, n (%) 0.421
GNB 208 (59.09) 28 (57.14)
GPC 74 (21.02) 8 (16.33)
GPB(Lactobacillus) 4(1.14) 0 (0.00)
Fungus (Candida) 9 (2.56) 2 (4.08)
2 germs 27 (7.67) 8 (16.33)
Missing data 30 3
Preoperative germ identification, n (%) 0.588
GNB
Escherichia coli 120 (34.09) 16 (32.66)
Proteus 42 (11.93) 7 (14.30)
Klebsiella pneumoniae 21(5.97) 3(6.12)
Pseudomonas 14 (3.98) 1(2.04)
Enterobacter cloacae 4(1.14) 0 (0.00)
Citrobacter freundii 3 (0.85) 0 (0.00)
Morganella morganii 2(0.57) 0 (0.00)
Haemophilus influenzae 1(0.28) 0 (0.00)
Acinetobacter 1(0.28) 0 (0.00)
Providencia 0 (0.00) 1(2.04)
GPC
Enterococcus 48 (13.64) 5(10.20)
Staphylococcus 16 (4.55) 2 (4.08)
Streptococcus 8(2.27) 1(2.04)
Aerococcus urinae 2(0.57) 0 (0.00)
GPB (Lactobacillus) 4(1.14) 0 (0.00)
Fungus
Candida albicans 8(2.27) 1(2.04)
Candida tropicalis 1(0.28) 1(2.04)
2 germs
GNB + GPC 13 (3.69) 6 (12.24)
2 GNB 10 (2.84) 2 (4.08)
2 GPC 3(0.85) 0 (0.00)
Fungus + GPC 1(0.28) 0 (0.00)
Missing data 30 3
Preoperative antibiotic therapy, 7 (%) 0.745
Beta-lactams
Penicillin 90 (25.57) 15 (30.61)
Cephalosporin 42 (11.93) 12 (24.49)
Carbapenems 8 (2.27) 1(2.04)
Monobactams 2 (0.57) 0
Fluoroquinolones 79 (22.44) 9 (18.37)
Sulphonamide 51 (14.49) 5(10.21)
Fosfomycin 7(1.99) 1(2.04)
Nitrofurans 44 (12.50) 2 (4.08)
Other 29 (8.24) 4 (8.16)

BMI body mass index, OAP obstructive acute pyelonephritis, GNB Gram-negative bacilli, GPC Gram-positive cocci, GPB Gram-Positive Bacilli
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Tablt.-: 2 Comparisor.l of Features Post-operative urosepsis p-value
surgical characteristics and
complications between PUTI NPUTI group (n=352) PUTI (n=49)
and NPUTI groups
Antibiotic prophylaxis, n (%) 0.409
Complementary antibiotic prophylaxis 89 (25.28) 16 (32.65)
No antibiotic prophylaxis 118 (33.52) 13 (26.53)
Other 145 20
Ureteral dilatation, n (%) 0.941
Yes 23 (6.53) 3(6.12)
No 324 (92.05) 45 (91.84)
Missing data 5 1
Ureteral access sheath utilization, n (%) 0.719
Yes 302 (85.80) 40 (81.63)
No 43 (12.22) 8 (16.33)
Missing data 7 1
Operating time (min), mean (standard deviation) 103.55 (45.40) 106.21 (48.29) 0.802
Laser fragmentation), n (%) 0.636
Yes 297 (84.38) 43 (87.76)
No 51 (14.49) 5(10.20)
Missing data 4 2
Upper pole or renal pelvis relocation, n (%) 0.867
Yes 58 (16.48) 8 (16.33)
No 290 (82.39) 40 (81.63)
Missing data 4 1
Stone free, n (%) 0.517
Yes 239 (67.90) 72 (63.27)
No 113 (32.10) 18 (36.73)
Postoperative diversion, n (%) 0,155
Yes 315 (89.49) 47 (95.92)
No 37 (10.51) 2 (4.08)
Postoperative complication, n (%) 0.01
No 324 (92.0) 0
Clavien—Dindo stage 1 19 (5.4%) 0
Clavien—Dindo stage II 9 (2.6%) 46 (93.88)
Clavien—Dindo stage > III 0 3(6.12%)

hospitalizations following URS. They found that 2.4% of
patients were hospitalized with a postoperative infectious
complication. The main risk factors were a higher CCI,
history of recurrent urinary tract infection, stone size,
intraoperative complication and non-SF status. What
is interesting in this study is the distribution of postop-
erative infection germs, which was very similar to ours,
namely 61.5% Gram-negative (55.1% in our study), 19.2%
Gram-positive (20.4% of GPC and 2% of GPB), with the
exception of 15.4% fungus in Cole’s study (vs 2.0% in our
work), and 3.8% of patients with two germs (14.3%) [26].

Finally, we examined the agreement between preopera-
tive germs and those found during postoperative infec-
tions. We found that 65.2% of germs differed between
preoperative urine culture and postoperative infection

@ Springer

identification. Nevo et al. studied the concordance of
germs between the preoperative urinalysis, ureteric stent
culture and postoperative infection in patients who all
had previous ureteric stenting. They found no agreement
between preoperative urine culture and stent culture, pos-
sibly due to the biofilm that can form on the preoperative
ureteric stent. Urine cultures do not seem to be a reliable
predictor of the complete absence of bacteria in the uri-
nary tract. They also showed that a positive stent culture
was a risk factor for PUTI and could be used to choose the
antibiotic therapy for septic patients [27].

In our work, when pre and postoperative germ identifi-
cation was concordant, 26.1% had a different antibiogram.
Finally, only 8.7% of the interventions with PUTI had com-
plete agreement between pre and postoperative urinalysis.
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Table 3 Germs responsible for postoperative urinary tract infection

Features
PUTI group
(n=49)
Postoperative urinary tract infection microbiologic
identification, n (%)
GNB
GPC 27 (55.10)
GPB 10 (20.40)
Fungus (Candida) 1(2.04)
2 germs 1(2.04)
Missing data 7(14.29)
3
Postoperative urinary tract infection germ identifica-
tion, n (%)
GNB
Escherichia coli 12 (24.49)
Klebsiella pneumoniae 6 (12.45)
Pseudomonas aeruginosa 5(10.20)
Proteus 2 (4.08)
Citrobacter 1(2.04)
Providencia 1(2.04)
GPC
Staphylococcus 5(10.20)
Enterococcus 3(6.12)
Streptococcus 2 (4.08)
GPB (Actinotignum sanguinis) 1(2.04)
Fungus
Candida albicans 1(2.04)
2 germs
GNB + GPC 5(10.20)
Fungus + GNB 1(2.04)
Fungus + GPC 1(2.04)
Missing data 3

GNB Gram-negative bacilli, GPC Gram-positive cocci, GPB Gram-
Positive Bacilli

A recent study focused on the discordance between urine
culture, stent culture, stone culture and postoperative blood
culture. They showed a statistical association between For-
eign Body Colonization (FBC) and the risk for PUTI com-
plication. FBC seems to be a better indicator of the germ

responsible for PUTI [16]. These data suggest that preopera-
tive urinalysis is not a reliable indicator of possible germs
during PUTI. It may be necessary to discuss the utility of
systematic intraoperative pyelic urinalysis, stent culture or
analysis of a stone fragment to better anticipate PUTIL.

Our work has several limitations. First, this is a retrospec-
tive, single-center study with potential selection bias due to
missing data. Moreover, if a patient had mild infection, they
may have consulted a general practitioner, and not informed
us of the complication during follow-up consultation. How-
ever, as the designated emergency center in our region, and
with some patients undergoing outpatient surgery receiving
a systematic follow-up call on postoperative day one, the
large majority of PUTI case were referenced. Despite these
limitations, our study has several strengths. We have a large
cohort of f-URS interventions, and even in the subgroup of
interventions with a positive preoperative treated urinalysis,
we totaled 401 procedures. Our general results are in agree-
ment with the existing literature, indicating that our popula-
tion is representative of general population. Our work is one
of the few to study the pre and postoperative microbiological
identification.

Conclusion

Our study shows a PUTI rate similar to that reported in
the literature, at 6.1% overall. However, this rate was sig-
nificantly higher in the specific population of patients with
POPU, at 12.2%. Among patients with POPU, preoperative
duration of the ureteric stent differed significantly between
those with, and those without PUTI. These results suggest
that POPU and a prolonged duration of ureteral stenting pre-
operatively may be important risk factors for PUTIL.

Our findings reveal a low rate of agreement between per-
operative urinalysis and the pathogens responsible for post-
operative infections, with only 26.1% having similar bacteria
and 8.7% having similar antibiogram.

@ Springer
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49 interventions with PUTI

3 missing data |

data

46 interventions with PUTI and available

[

|

Different germs pre/postoperative
n =30, 65.2%

Identical germs pre/postoperative
n= 16, 34.8%

[

[

|

n=12,26.1%

Different pre/postoperative antibiogram

Identical pre/postoperative antibiogram
n=4,87%

Fig.2 Agreement between pre and postoperative microbiological identification
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