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Results: Overall, 10.3% of patients had complications, 7.2% of patients had postoper-
ative urinary infection, 1.8% had upper urinary tract infection (UTI) and 1.4% had uri-
nary sepsis. Lower UTI were significantly more likely in the extended prophylaxis
group with 6.8% versus 2.7% (RR = 2.8; 95% CI: 1.10-7.37, p = 0.030). The risk of
upper UTI and sepsis did not show significant differences. A total of 69% patients
with postoperative infection had isolated multidrug-resistant bacteria (MDRB) in the
UC, with a higher risk in patients with extended prophylaxis (RR = 3.1; 95% CI:
1.33-7.59, p = 0.009).

Conclusions: Patients with negative UC who underwent fURS using extended pro-
phylaxis have two times higher risk of low UTI than patients with standard prophy-
laxis, without differences in the incidence of upper UTI or urinary sepsis. The risk of
MDRB isolation in the postoperative UC is higher in the extended prophylaxis group,

therefore we recommend the standard 60-min preoperative prophylaxis.
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1 | INTRODUCTION

Infections after surgery lead to morbidity and increase health costs.} 3
The rate of infection associated with endourological procedures is
reported between 1.8% and 18.3%.*> With the introduction of pro-
phylactic antibiotics, the rate of urinary infection decreases from 21%
to 1-5% and also the incidence of bacteremia from 2% to 1.3%.578

The main bacteria associated with postoperative infections in
urologic surgery are Enterobacteriaceae, Pseudomonas aeruginosa and
Enterococcus.” These bacteria become resistant to numerous classes
of antibiotics. According to the Centers for Disease Control and Pre-
vention (CDC) about 80% of Enterococcus faecium strains in ltaly are
resistant or intermediate resistant to aminopenicillins.” P. aeruginosa
has shown resistance to piperacillin-tazobactam and antipseudomonal
carbapenems in about 20% of urine culture (UC); likewise, resistance
to fluoroquinolones is reported in 26% of cases.’ Escherichia coli is
resistant to fluoroquinolones in 20-40% of cases and to third genera-
tion cephalosporins in 20% of strains.”

Increasing antibiotic resistance can lead to failure of therapeutic
regimens and therefore it is important to assess the risk-benefit of
extended prophylactic antibiotic regimens.1%1!

The EAU guideline recommended antibiotic prophylaxis to
patients with infected stones, bacteriuria and in the case of internal
stent placement.*

Best practice statements on urologic procedures establish that
restricting antibiotic prophylaxis (AP) will help to minimise the risks of
antimicrobial overuse.'? Therefore, prior to any urologic procedure, it
is necessary to be taken a UC to choose the adequate AP for the pro-
cedure and in case of UTI should always receive preoperative
treatment.>1?

The guidelines affirm that there is no high-quality evidence to
defend the use of multiple doses of antimicrobials in a negative UC or
a patient without presurgical symptomatic infection!?*® and establish
that a single-dose AP is recommended before clean-contaminated
genitourinary procedures, such as intervention for ureteroscopic
stone removal and all patients undergoing endourological treatment,*
with an antimicrobial agent chosen based on previous UC results or
the local antibiogram.?

Also, recent authors consider single dose administration is sufficient,
and there are no additional benefits to extended antibiotics treatment
following ureteroscopy? * based on similar rates of postoperative UTI
in patients with and without home-going antibiotics therapy.'?12

To improve the susceptibility profiles of nosocomial bacteria,
without increasing the risk of infectious complications, we evaluated
the difference between infectious complications in patients with neg-
ative UC undergoing endoscopic ureterolithotomy who were treated
or not with extended AP.

2 | MATERIALS AND METHODS

We conducted a retrospective, observational, analytical cohort study

that compared infectious complications in patients with a negative UC

(time period not greater than 30 days prior to the time of surgery),
among the cohorts that received standard prophylaxis (60 min prior to
surgery) and those who received pre-surgical extended prophylaxis
(3 days prior), between January 2013 and December 2019.

The patients included in the sample underwent endourological
successful intervention with a flexible ureteroscope, and lithotripsy
with Holmium: YAG laser, due to renal and ureteral lithiasis, all with
negative UC (UC) and without clinical signs of infection at the time of
the intervention. Patients with failed flexible endoscopic uretero-
lithotomy, with >20-mm stones or without findings of stones within
the urinary tract during the surgical procedure, were excluded.

For data collection, billing databases for surgical procedures were
used to obtain information on patients undergoing successful flexible
ureterorenoscopy (fURS) with <20-mm stones with previous negative
UC. The study was approved by the Institutional Méderi University
Hospital Ethics Committee and Rosario University Ethics Committee.
We included patients with multidrug-resistant bacteria isolation and
symptomatic infection in the first 30 days postoperative according to
the Clavien-Dindo classification. The number of complications in the
sample and the severity of the complications developed were deter-
mined according to the Clavien-Dindo classification.

Infectious complications evaluated included lower urinary tract
infection (UTI), upper UTI and sepsis. These variables were compared
between the two cohorts. In addition, the bacteria isolated from the
postoperative UC in patients with infectious complications were
described to determine the risk of developing infections by multidrug-
resistant bacteria according to the cohort.

Normality tests (Kolmogorov-Smirnov or Shapiro-Wilk depend-
ing on the size of the sample obtained) were performed. For continu-
ous quantitative variables that are approximately normally distributed,
the mean was used as a measure of central tendency and the standard
deviation as a measure of dispersion. For those quantitative variables
whose distribution was not normal, the median and interquartile
ranges were used, respectively. Variables were recorded when neces-
sary. Categorical variables were provided in the form of frequency
tables.

A bivariate analysis of the sociodemographic variables was carried
out, in addition to a multivariate analysis with the variables in which,
according to their normality, a statistical significance was observed

(p = 0.5) and were related to the dependent variables.

3 | RESULTS

Between January 2013 and December 2019, 723 successful fURS for
treatment of <20-mm stones were performed, of which 498 had neg-
ative UC. Preoperative prophylaxis was performed in an extended
manner (3 days prior to surgery) in 162 (32.5%) patients and in a stan-
dard manner (1 h prior to the procedure) in 336 (67.5%) patients. The
mean age was 46.7 + 14.5 years, 56.4% of patients were men and
66.8% of patients had preoperative urinary diversion.

Significant differences were found between the cohorts in terms

of sex, stone size, preoperative hydronephrosis and preoperative
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diversion. In the standard prophylaxis group, more male patients
underwent surgery, with 60.1% versus 48.8% in the extended prophy-
laxis group. The mean stone size was 13.18 mm in the extended pro-
phylaxis group and 11.47 mm in the standard prophylaxis group.
Preoperative diversion with double J-stent and nephrostomy occurred
more frequently in the standard prophylaxis group (Table 1).

The surgical procedure was performed with a ureteral access
sheath in 78.3% of patients. The access sheath was used due to sur-
geon'’s preference and because of the mean stone size, which most of
them were over 10 mm and the surgeon had to make multiple trips up
and down the ureter.

Postoperative urinary diversion, subject to the urologist’s criteria,
was performed with double J-stent in 93.2% of patients, of which
74.5% remained with double J-stent (with string) and was removed a
week after the surgical procedure. Patients with previous diversion
and nephrostomies corresponded to 0.6% and were patients who had
this pre-surgical diversion and continued in the postoperative time.

Complications occurred in 10.3% of patients, most of them minor
complications, of which 7.8% were Clavien-Dindo 1 and 2. Clavien-
Dindo 3a complications occurred in 0.4% of patients and corre-
sponded to two patients who need double J-stent removal under local
anaesthesia, due to catheter-associated symptoms and UTI. Two ure-
terorenoscopy (URS) were performed for residual ureteral stones,
under regional anaesthesia. Mortality occurred in one patient (0.2%)
in the extended prophylaxis group, due to urinary sepsis (Table 2).

Infectious complications occurred in 7.2% of patients, 4% with
lower UTI, 1.8% with upper UTI and 1.4% with urinary sepsis. Isola-
tion was not achieved in the UC in 10.3% of the infected patients,
and all patients completed an empiric management scheme with
broad-spectrum antibiotics. Multidrug-resistant bacteria were isolated
in 69% of infected patients, being higher in the group with urinary
infection and extended prophylaxis with 94% versus 47.3% in the
group of patients with urinary infection and standard prophylaxis.
Figure 1 shows the distribution of bacteria isolated in patients with
postoperative UTI. These patients had an early microbiological input;
however, the first management was empirical with fourth generation
cephalosporin (cefepime) and carbapenem (meropenem) following
institutional guidelines, followed by antibiogram susceptibility pattern
treatment.

The microbiological data did not mirror the preoperative UC
because we only analysed patients with negative UC previous to sur-
gical procedure.

Patients had not documented UTI previous to surgical procedure,
confirmed with negative UC, and the antibiotic previous to surgery
was prophylaxis following the institutional protocols.

The frequency of postoperative urinary infection was significantly
higher in the extended prophylaxis group with 11.7% versus 5.1% in
the standard prophylaxis group (RR= 2.32; 95% Cl: 1.24-4.34,
p = 0.007); however, most patients developed lower UTI, occurring in
6.8% of patients with extended prophylaxis and 2.7% of patients with
standard prophylaxis (RR = 2.54; 95% Cl: 1.07-6.00). In patients with
upper UTI and sepsis, no statistically significant difference was found

between the two cohorts. The risk of having multidrug-resistant

bacteria among the complications was 3.1 times higher in the
extended prophylaxis group (RR 3.1; 95% ClI: 1.33-7.59) (Table 3).

4 | DISCUSSION

Urolithiasis is a pathology with a significant incidence and prevalence
in developed countries.r®> The treatment of non-expulsable calculi is
very diverse.'® The choice depends essentially on the number, size,
composition and location of the stones.>'¢*® The incidence of post-
operative urinary infection is reported in 0.2-15% and urinary sepsis
in 0.1-4.3%.1” The most frequently isolated bacterium is E. coli, fol-
lowed by Proteus and Pseudomonas, and it is noteworthy that in up to
55.8% of cases, the postoperative UC is reported as negative.” We
found similar outcomes in our study, with urinary infection documen-
ted in 7.2% of the patients, upper UTI in 1.8% and urinary sepsis in
1.4% of patients. In this series, the most frequently isolated bacterium
corresponds to extended-spectrum beta-lactamase (ESBL)-producing
E. coli (27.6%), and negative UC was reported in 10.3% of patients.
This high rate of multidrug-resistant infection can be explained by the
fact that in Colombia there are many factors related to antibiotic mis-
use as self-medication, inadequate patient compliance in antibiotic
regimes, use of antibiotics as a treatment for non-bacterial infections
diseases, limited training and education in antibiotic use, and the easy
access to antibiotics.?® Besides, health professionals and students
have limited training and education in antibiotics that could contribute
to an increasing of bacterial resistance.?°

It has been described that AP decreases the incidence of pyuria
(RR= 0.65; 95% ClI: 0.51-0.82; p =0.0005) and bacteriuria
(RR = 0.26; 95% Cl: 0.12-0.60) with a statistically significant differ-
ence.’® The rates of bacteriuria and febrile UTI are lower in patients
receiving preoperative antibiotics 4.5% versus 11.8% (p = 0.09) and
1.3% versus 5.9% (p = 0.09), respectively.?” In this study, all patients
received prophylaxis with infection rates consistent with these
reports, and the risk of lower UTI was higher in the extended prophy-
laxis group compared with standard prophylaxis, 6.8% versus 2.7%
(RR =2.8;95% Cl: 1.10-7.35, p = 0.030).

Gravas et al.2!

evaluated the efficacy of AP on postoperative
infection rate in patients with negative UC that underwent uretero-
scopy in 2010, finding a higher risk of postoperative lower UTI in the
group of patients without AP with an OR of 1.27, 95% Cl (0.40-4.00).
Also described a low prevalence of fever (2.2%) with an OR of 1.84,
95% Cl (0.69-4.94) in patients undergoing stone removal, although
without a statistically significant difference.?! In our study, extended
prophylaxis showed no statistical difference in the development of
upper UTI (RR = 1.8; 95% Cl: 0.42-7.83) or sepsis RR = 1.6; 95% ClI
(0.36-7.74)p = 0.51.

Chew et al.??

evaluated whether prophylactic antibiotics reduce
UTls after ureteroscopy for stone treatment, comparable with our
study. All patients received a single dose of antibiotic prior to stone
treatment, and a subset of patients also received postoperative antibi-
otics. A total of 9.9% of patients developed UTI, with no difference

between patients who received a single dose compared with those
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TABLE 1 Demographic and clinical characteristics between the cohorts: extended and standard preoperative prophylaxis.

Variable
Age (years), Mean + SD
Sex
Male n (%)
Female n (%)
Creatinine (mg/dL - umol/L), Mean + SD

Glomerular filtration rate (mL/min 173 m?), Mean
+SD

Stone size (millimetres), Mean + SD
Stone density (Hounsfield unit), Mean + SD
Stone location n (%)
Proximal ureter
Renal pelvis
Lower calyx
Medium calyx
Upper calyx
Ureteral and calyx
Multiple chalices
Contralateral stone n (%)
Yes
No
Previous surgical hydronephrosis
No
Grade |
Grade Il
Grade Il
Grade IV
Presurgical diversion
Double J-stent n (%)
Yes
No
Nephrostomy n (%)
Yes
No
Prophylactic antibiotic
Cephalosporin 1st
Ciprofloxacin
Ampicillin
Amikacin
TMP/SMX
Cefepime
Gentamicin
Type of prophylaxis
Extended
Standard

All patients
(n = 498)

46.7 £ 14.5

281 (56.4%)
217 (43.6%)
1.09 £0.50
77.53 £ 25.78

12.03 +5.96
1094 + 349

192 (38.9%)
8 (11.8%)
75 (15.2%)
25 (5.1%)

6 (3.2%)
60 (12.2%)
67 (13.6%)
92 (18.5%)
406 (81.5%)

316 (67.5%)
61 (13.0%)
58 (12.4%)
26 (5.6%)

7 (1.5%)

309 (62.0%)
189 (38.0%)

24 (4.8%)
474 (95.2%)
440 (88.4%)
28 (5.6%)
3(0.6%)

7 (1.4%)
5(1.0%)
2(0.4%)
3(0.6%)
10 (2.0%)

168 (32.5%)
336 (67.5%)

Extended prophylaxis
(n=162)

47.3+14.2

79 (48.8%)
83 (51.2%)
1.03 £0.30
78.624 + 25.40

13.18 + 6.55
1130 + 337

71 (44.1%)
22 (13.7%)
22 (13.7%)
5(3.1%)

5(3.1%)

18 (11.2%)
18 (11.2%)

80 (58.0%)
22 (15.9%)
24 (17.4%)
12 (8.7%)
0(0.0%)

82 (50.6%)
80 (49.4%)

16 (9.9%)

146 (90.1%)
136 (84.0%)
9(5.6%
2(1.2%
1(0.6%
2(1.2%
2(1.2%)
3(1.9%)
7 (4.3%)

)
)
)
)

Standard prophylaxis
(n = 336) P value

464 £14.6 0.486
0.017

202 (60.1%)

134 (39.9%)

1.14 £0.62 0.558

76.561 +25.43 0.789

11.47 +5.58 0.006
1064 + 357 0.115

121 (36.4%) 0.447
36 (10.8%)

53 (16.0%)

20 (6.0%)

11 (3.3%)

42 (12.7%)

49 (14.8%)

0.004
236 (71.5%)
39 (11.8%)
34 (10.3%)
14 (4.2%)
7 (2.1%)

227 (67.6%) <0.00
109 (32.4%)

<0.001
8(2.4%)
328 (97.6%)
304 (90.5%) 0.007
19 (5.7%)
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who received more postoperative doses, p = 0.1457. Associated risk
factors were preoperative stent placement, nephrostomy and urethral
catheter.?? In this study, the risk of postoperative urinary infection
was significantly higher in the extended prophylaxis group (11.7%
vs. 5.1%; RR = 2.2; 95% Cl: 1.10-4.48), and the multivariate analysis
was controlled by age, use of ureteral access sheath, hydronephrosis
and pre-surgical diversion.

Kim et al.2®

evaluated febrile UTIs after ureteroscopy for stones
treatment, reporting that 14.1% of patients developed febrile UTI, and
44.2% had positive postoperative culture, in which 25.6% of them
had isolation of P. aeruginosa. Only one patient presented other bacte-
ria isolated in the postoperative culture and corresponded to E. coli,
P. mirabilis, Enterococcus faecalis, Enterobacter cloacae, Citrobacter
amalonaticus and Achromobacter xylosoxidans.?® Another study con-
ducted in Korea found that the most frequently isolated bacteria in
infectious complications correspond to ESBL-producing E. coli evi-
denced in 17.6% of patients with febrile postoperative infection after
ureteroscopy, followed by multisensitive E. coli, P. aeruginosa and Aci-
netobacter baumannii, each one with a frequency of 11.1%.2* This is
consistent with the isolations in our sample, where ESBL-producing

E. coli was the most frequent bacterium, isolated in 27.6% of patients,

TABLE 2 Complications according to the Clavien-Dindo
classification in the general cohort (n = 498).

None 447 (89.7%)

110 (2%)

2 29 (5.8%)

3a 2(0.4%)

3b 2 (0.4%)

4a 3 (0.6%)

4b 4 (0.8%)
51(0.2%)

followed by multisensitive E. coli and E. faecalis, each accounting for
13.8%. Multisensitive and multidrug-resistant Pseudomonas occurred
in 10.3% and 6.9% of patients, respectively.

There is a growing resistance to antibiotics that can cause the fail-
ure of therapeutic regimes.7'9 In our sample, 69% of infected patients
had multidrug-resistant bacteria: ESBL-producing E. coli was isolated
in 27.6%, ampicillin-resistant E. faecalis in 13.8%, Morganella morganii
(AMPC) in 10.3%, multidrug-resistant Pseudomonas in 6.9% and Klebsi-
ella pneumoniae (KPC) in 3.4%. The risk of multidrug-resistant infec-
tions was higher in the extended prophylaxis group (RR = 3.1; 95%
Cl: 1.33-7.59; p = 0.009), which emphasises the importance of evalu-
ating the risk-benefit of extended prophylaxis compared with the
standard.

AP in patients with negative UCs who undergo fURS varies
according to the protocol of each institution. A total of 162 patients
with extended prophylaxis and 336 with standard prophylaxis were
included; the two groups were comparable in terms of preoperative
demographic and clinical variables, except for gender, stone size, pre-
operative diversion and preoperative hydronephrosis. There was a
greater number of male patients in the extended prophylaxis group
with 60% versus 49% in the standard prophylaxis group. The presence
of preoperative hydronephrosis and urinary diversion was higher in
the standard prophylaxis group.

The incidence of complications was 10.3%, of which 7.2% were
infection-related complications. The risk of UTI was significantly
higher in the extended prophylaxis group with a RR of 2.2 (95% Cl:
1.10-4.48), without affecting its result in the multivariate study when
including variables such as age, the use of ureteral access sheath in
surgical procedure, urinary diversion and pre-surgical hydronephrosis.
The risk of upper UTI and sepsis did not show a statistical difference
between the two types of prophylaxis.

The risk of developing infections due to multidrug-resistant bac-
teria is greater in patients with endourology interventions.*® In
patients who developed UTI, 69% had UC with multidrug-resistant

Bacteria isolated in patients with Postop UTI

Negative

K. pneumoﬁiae (KPC)

Multisensitive K. pneumoniae

Muttirresistant Pseudomonas

Multisensistive Psevudomonas

M. morganii (AMPC)

ESBL-producing E. coli

Multisensitive E. coli

Ampicillin-resistant E. faecalis

FIGURE 1 |Isolated bacteria in the urine culture of the infectious complication in the two cohorts.
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TABLE 3 Multivariate analysis model of the type of prophylaxis for infectious complications, controlled for confounding variables.
Extended Standard Bivariate Multivariate
prophylaxis prophylaxis
Complication n=162 n= 336 Risk estimation Pvalue Risk estimation P value
Post OP infection 19 (11.7%) 17 (5.1%) RR 2.4; 95% ClI (1.25-4.93)  0.007 RR 2.2;95% Cl (1.10-4.48) 0.026
Low post OP UTI 11 (6.8%) 9 (2.7%) RR 2.5; 95% CI (1.07-5.99)  0.029 RR 2.8; 95% Cl (1.10-7.37)  0.030
Upper post OP UTI 5(3.1%) 4 (1.2%) RR 2.5; 95% CI (0.70-9.52)  0.137 RR 1.8; 95% Cl (0.42-7.83)  0.420
Sepsis 3 (1.9%) 4(1.2%) RR 1.5; 95% CI (0.35-6.86) 0.55 RR 1.6; 95% Cl (0.36-7.74)  0.510
Multidrug-resistant bacteria 9 (9.9%) 16 (2.7%) RR 3.6; 95% Cl (1.66-8.16)  0.001 RR 3.1; 95% CI (1.33-7.59)  0.009

bacteria, with ESBL-producing E. coli being the most frequent, which
occurred in 27.6% of patients. Regarding the risk of infection by
multidrug-resistant bacteria, it occurred more frequently in the
extended prophylaxis cohort with 9.9% versus 2.7% in the extended
prophylaxis cohort, with the risk being 3 times higher in the extended
prophylaxis cohort with a statistically significant difference.

The main limitation of our study is the retrospective design, which
implies observation and selection bias; however, to maintain the valid-
ity of the study, the two cohorts and the infectious outcomes in terms
of clinical and paraclinical diagnosis were clearly defined. In addition, a
multivariate study was carried out with the confounding variables,
and no difference was found in the impact of the outcomes. Patient
follow-up is another limitation, given that some patients with infec-
tious complications were able to consult other health centres, which

impacts the results.

5 | CONCLUSIONS

In patients with negative UC who underwent fURS in a fourth-level
hospital, complications occurred in one out of 10 patients. Overall,
7.2% presented postoperative infection: 11.7% of patients with
extended prophylaxis and 5.1% of patients with standard prophylaxis.
The risk of UTI was 2.2 times higher in patients with extended pro-
phylaxis, without demonstrating an impact on the incidence of upper
UTI or sepsis. Variables such as age, use of ureteral access sheath,
preoperative diversion and hydronephrosis did not affect the out-
come. Overall, 1.4% of patients developed sepsis of urinary origin,
without finding differences between the groups. The isolation of
multidrug-resistant bacteria occurred in 69% of patients with postop-
erative infection, and the most frequent bacteria were ESBL-
producing E. coli. The risk of multidrug-resistant bacteria is 3 times
higher in the extended prophylaxis group. Therefore, standard pro-
phylaxis 60 min before the surgical procedure offers a lower risk of

UTI and reduces the risk of isolation of multidrug-resistant bacteria.
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