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Original Research Article
Epidemiology 6 the postoperativébacteriuria and urinary tract infections following
transurethral resection of the prostate.

Abstract

Aims: Despite guidelines and recommendations, a pragrappiroach, i.e., that treatment will
improve patient-centered outcomes when performetygngal clinicians in typical patients, is
necessary to evaluate the effectiveness of antippodphylaxis in urological surger$tudy
design: Prospective, randomized, double-blinded, pragmatt Place and duration: The study
was performed in a tertiary hospital at Federal University of Uberlandia, Brazil, from January 2012 to
December 2013. Methods: One hundred and thirty patients were randomly assido receive a
single dose of 2 g IV ceftriaxone (66 subjects2 @r IV cefazolin (64 subjects) thirty minutes
before surgery. We evaluated their physical stgitegperative urinary catheter use, urological
risk factors, prostate size, and the duration afety.Results: Ceftriaxone showed a non-
significant trend towards superiority to cefazql®R = 0.567, 95% CI [0.234-1.414], p = 0.228)
for the prevention of infections among TURP pase@bnclusion: No significant difference in
the effectiveness of a single dose of ceftriaxamamared with cefazolin for the prevention of
postoperative infections was found in patients ugoieg TURP following the early
postoperative removal of an indwelling cathetere@uthe pragmatic assumptions of this trial,
this result might not represent a negative findingtead, it may indicate the importance of risk
factors influencing the patients’ susceptibilityindection.

Keywords: Transurethral Resection of Prostate, iSar&ite Infection, Urinary Tract Infections,
Bacteriuria, Antibiotic Prophylaxis, Cefazolin, @&ixone

1. Introduction
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Surgical site infections (SSIs) are an importaniseaof postoperative morbidity. In
endoscopic urologic procedures, complicated uritragst infections (UTIs), pyelonephritis, and
septicemia are the most feared complications [i¢aGefforts have been made to diagnose these
health care-associated infections (HAIs) and toebesse their incidence using standardized
preventive, epidemiological, and educational me=s(2].

Transurethral resection of the prostate (TURPYilistise most commonly performed
surgical procedure for benign prostate hypertrofdBH), despite the development of new
medications and less invasive surgical technig8kdrfection following TURP is a concern
because it may present as asymptomatic bacterulifig,epididymitis, prostatitis or even
septicemia [4]. Antibiotic prophylaxis is one ofveeal methods for preventing SSis [5], and
while the Best Practice Policy Statement of the Aca@m Society of Urology (AUA)
recommends prophylaxis with first- or second-get@nacephalosporins [6] for all patients
undergoing TURP, the European Association of Urgl@AU) guidelines suggest that patients
receive trimethoprim-sulfamethoxazole or cephalosigasecond or third generation) as
prophylaxis, except for individuals at low riskwith a small prostate [7]. First-generation
cephalosporins, such as cefazolin, show excelldntity against Gram-positive organisms and
mild activity against Gram-negative species. Nehadss, cefazolin shows good activity against
Escherichia coli, Klebsiella speciesHaemophilus influenzae, andProteus mirabilis as well as
someEnterobacter species. Ceftriaxone exhibits good activity aga@®m-negative
microorganisms but is associated with a high ristaveloping bacterial resistance [8].

There is a low rate of compliance with recommermhatiregarding prophylaxis, and the

prescribing patterns for different antibiotics vargnificantly [9]. A pragmatic approach is
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necessary to implement guidelines while considepatgent comorbidities and urological risk
factors related to endoscopic urologic surgeri€si[1].

The presence of preoperative bacteriuria, indwgliatheters, urinary tract stones,
urinary tract abnormalities, and recurrent UTIs camplicate patient management, and these
conditions are common exclusion criteria in studiethe efficacy of antimicrobial prophylaxis
in urologic procedures [12,13]. The standard argiobial susceptibilities of pathogens should
also be considered because the widespread uséilmbacs, especially fluoroquinolones, has
led to the emergence of bacterial resistance, wikichirrently a major concern [14].

The aim of this study was to determine whethenglsidose of ceftriaxone is superior to
a single dose of cefazolin for the prevention dftpperative infectious complications in patients
undergoing TURP following the short-term removaluahary catheters. We also sought to

identify predictors of infectious complicationsthrese patients.

2. Methods
2.1 Study Area

We performed this prospective, randomized, doubteded, pragmatic study attertiary
hospital at Federal University of Uberlandia, Brazil, from January 2012 to December 2013.
2.2 Selection of Subjects

All patients who had been scheduled to undergo TWR® were 45 years of age or older
and clinically stable were considered for inclusimthe study. The exclusion criteria included a
known history of allergy to the study antibiotieshistory of recurrent UTIs, treatment with

antibiotics within 10 days prior to surgery, tharadistration of antibiotic therapy for any other
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reason, severe renal or hepatic failure, the poeseha distant focus of concurrent infection, and
immunosuppression.

The study protocol was approved by the Committeelmman Research of the Federal
University of Uberlandia, Brazil, with the recordmber CEP/UFU 169/1. Data were
prospectively collected by the principal investa@aduring hospitalization and in an ambulatory
setting after discharge. Each patient receivedin&tion on the study protocol and provided
written informed consent before participating.

A total of 135 patients were randomized into twifedent groups. Block randomization
(2:2) was performed in a blinded fashion by thesémesiologist one day prior to surgery for all
study participants. On the day of surgery, thegoasi received either 2 g cefazolin (Group 0) or
2 g ceftriaxone (Group 1) intravenously 30 minliefore surgery. The patients and surgeons
were blinded to the drug administered.

2.3 Parameters Assay

A complete blood count (CBC), chemistry panel, eeardiogram, urinalysis (to detect
pyuria), and ultrasonography of the pelvic and abidal portions of the urogenital tract were
performed preoperatively. In the operating roore, résearcher recorded the age, body mass
index (BMI), comorbidities and medication intaketloé patients to grade their physical status
according to the American Society of Anesthesidtsy{ASA) criteria. Data regarding the
preoperative presence of an indwelling urinary eggh ultrasonographic abnormalities, prostate
volume and operative duration were also recorded.

Urinary symptoms such as urgency, frequency, dgsand suprapubic tenderness were

recorded as well. A physical examination was pentxt preoperatively and included



91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

measurements of blood pressure, pulse and axiBamperature (> 38 °C). Urinalysis and urine
cultures were collected at baseline. Following caea, prostate fragments were cultured.

Thirty minutes before the beginning of surgery, plagients received the previously
allocated study drug. No additional doses were atht@red to any of the patients except for
those with known colonization at baseline, who wesated during their hospital stay or for a
longer period based on an antibiogram or empifindings when these data were not available.
During surgery, standard antiseptic measures vadieved. Surgery was performed by a
urologist, with a 3-way Foley catheter with a cldskainage system that was continuously
irrigated with saline solution being placed at émel of surgery. The catheter remained in place
until discharge, when it was removed, except imepét who exhibited complicating urological
factors (such as urethral stricture) that requmerlonged catheter placement. An assessment of
clinical symptoms, CBC, urinalysis and urine cudgsiwere performed after catheter removal at
the time of discharge and in an ambulatory setiingne week and at one month after surgery.

The primary outcome was postoperative infectionictvivas diagnosed according to the
European Association of Urology guidelines and Gizfinitions and included the following
signs and symptoms: asymptomatic bacteriuria (esitrine culture 0£10° CFU/ml with no
more than 2 species), UTI (at least one sign opgym, including fever above 38 °C, urgent or
frequent urination, dysuria, suprapubic tenderoesspositive urine culture ¢f 10* CFU/m
with no more than 2 species), clinical epididymipsostatitis, and septicemia [7,15].

The general risk factors of the patients were agskaccording to the ASA physical
status classification. Specific urological risktfars included anatomic anomalies of the urinary
tract, urinary obstructions, urinary stones, anéhdwelling or externalized catheter [16].

2.4 Statistical Analysis
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To calculate the sample size, we considered presgstematic reviews, which have shown
that antibiotic prophylaxis decreases the frequarigyostoperative bacteriuria in men receiving
antibiotic prophylaxis versus placebo or no treatthffom 26% to 9%). Therefore, the
difference in risk was -0.17, with a 95% confidenterval ranging from -0.20 to -0.15 [11,12].
Based on these findings, the following parametersevemployed for our calculations with the
G*power program [17] using the two-tailed z-test:adpha error probability of 0.05, a power (1-
beta error probability) of 0.80, and an allocatiatio of 1. A large proportion of the differences
between the two evaluated antibiotic groups (agmesl in the above-cited systematic reviews
of placebo versus antibiotic prophylaxis showirgngicant differences in risk, both statistically
and clinically) were expected to provide evidengpgporting the use of one antibiotic over the
other. The proportion of infections (0.09 for groiand 0.29 for group B) was considered post-
intervention. Hence, a risk difference of 0.20 wapected. These parameters necessitated a
minimum sample size of 132 patients (66 in thez@fa group and 66 in the ceftriaxone group)
to identify a difference in risk of 0.20.

Logistic regression was used to evaluate the éffsoess of the antibiotic treatment
(ceftriaxone versus cefazolin) in decreasing infectates at 30 days after surgery, applying an
intention-to-treat analysis. Due to the pragmasisuanptions of this trial (i.e., that treatment will
improve patient-centered outcomes when performegigal clinicians in typical patients)

[17], the patients were permitted to exhibit baata or prostate colonization at the baseline
assessment.

To evaluate other variables associated with indecin patients following the

intervention, a sequence of bivariate analysesped®rmed that included age, BMI, ASA



137  status, the duration of surgery, preoperative tathese, prostate size, and infection. Variables
138  with p-values < 0.20 at this stage of the analy&se then selected for inclusion in an initial
139  multiple logistic regression model [18]. The coedes were also inspected based on

140  multicollinearity, considering (a) whether two oora independent covariates were correlated
141  (correlation matrix); (b) whether significant chasgn the coefficient estimates occurred when
142  variables were added or excluded; and (c) whetteesign or coefficient order of a magnitude
143  estimate was different from what was expected [IBg final model retained variables that were
144  clinically important and were not candidates fougation of multicollinearity.

145 Finally, two subgroup analyses of treatment effestess were carried out for patients
146  whose urine was sterile to evaluate the prophylatectiveness of the drugs as well as for
147  those who did not exhibit any urologic risk factdvplus software (Los Angeles, CA, EUA)
148  was used for the analysis [20].

149

150 3. Results

151 Eligible participants attended ambulatory visiten@ng the 142 patients with indications
152  for elective TURP, 7 were excluded, and 135 weneloanized on the day before surgery. All
153  patients in Group O (except for one patient in whbmsurgical technique had to be changed due
154  to a complication during surgery) were randomiziethe originally allocated group (intention-
155  to-treat analysis). No patients were lost to foHopu Of the 134 patients, 67 were allocated to
156  each group, and four were not included in the amlthree in Group 0 and one in Group 1)
157  because they did not meet the criteria for complases.

158 This prospective study was carried out from Jan@@d? to March 2014. There was no

159  reason to stop the study early. Table 1 showsdhieng characteristics for each group. Of the 33
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patients showing preoperative bacteriuria and/trapation of the prostate (25.38%), most had
a preoperative indwelling catheter (63.64%), ah@hlexhibited asymptomatic bacteriuria. For
the 109 patients without a preoperative catheterjricidence of bacteriuria and/or colonization
of the prostate was 11.01%. Moreover, 4 patient®bthe 12 without a catheter presented a
negative urine culture, and the colonization statusaseline was due to positive prostate

fragment cultures (33.33%). Sepsis was not obsarvady patient.

Table 1. Patient characteristics for each arm

Group Group
0 - Cefazolin 1 _ ceftriaxone
(n — 64) (n = 66)
Categorical With bacteriuria and/or prostatic
n=16 n=17
measurements: colonization at baseline
absolute values
PS1 ASA — normal/healthy n=20 n=18
PS2 ASA - mild systemic disease n=32 n=34
PS3 ASA - severe systemic disease n=12 n=14
Urological risk factors n=12 n=12
Catheter use before surgery n=10 n=11

Continuous Age (years) 66.01 (8.94) 66.40 (9.13)
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measurements: BMI (m2/kg) 25.59 (4.19) 25.14 (3.87)

mean (SD
(SD) Surgery duration 39.74 (14.71)  38.67 (14.15)

Prostate size 56.55 (14.28) 51.91 (15.14)

PS ASA = Physical Status, American Society of Anesiblogy; and BMI = body mass index

Twenty patients in Group 0 and 16 in Group 1 degwetba postoperative infection. Table
2 shows the results of univariate regression fcheavariate individually. Although the
randomized allocation variable ceftriaxone wassignificant, it was maintained in subsequent

analyses because it demonstrated the effectivefidlss randomized clinical trial.

Table 2. Univariate regression of all case covesiat

95% CI for Exp

(beta)

Outcome: infection status Odds

Beta SE P-value Lower  Upper

post-surgery Ratio

With bacteriuria and/or prostatic
1.297 0.436 3.657 0.003 1.555 8.603
colonization at baseline

Ceftriaxone -0.404 0.405 0.667 0.318 0.302 1.475

Age 0.020 0.022 1.020 0.383 0.976 1.065

BMI 0.043 0.049 1.044 0.378 0.949 1.149
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PS2 ASA* -0.650  0.494 0.522 0.188 0.198 1.373

PS3 ASA* 0.875 0.539 24 0.104 0.835 6.902
Duration of surgery 0.001 0.014 1.001 0.929 0.9741.029
Catheter use before surgery 1.023 0.497 2.781 0.040.049 7.372
Prostate size 0.006 0.013 1.006 0.661 0.98 1.033
Urological risk factors 1.903 0.485 6.705 < 0.001.593 17.342

* PS1 ASA (Physical Status, American Society of gthesiology) was used as a reference.

Abbreviations: Cl = confidence interval; and SEtanslard error

Table 3 shows that the covariates presenting pegabfi less than 0.20, as determined
through univariate regression analysis, were usduild a multivariate regression model. We
failed to reject the null hypothesis regardingeliénces in the effectiveness of the two drugs. An
ASA status of PS3 was strongly correlated withitleedence of postoperative infection,

increasing the chance of infection by 5.3 times parad with an ASA status of PS2.

Table 3. Multivariate regression of covariates simgwp < 0.20, except for ceftriaxone

95% ClI for Exp

(beta)

Outcome: infection status B€@@  SE Adjusted ~ P-value  Lower  Upper




post-surgery Odds Ratio

With bacteriuria and/or

prostatic colonization at 1.368 0.708 3.926 0.053 0.980 15.733
baseline

Ceftriaxone -0.637 0.470 0.529 0.175 0.211 1.329
PS2 ASA* -0.342 0.582 0.710 0.557 0.227 2.222
PS3 ASA* 1.327 0.705 3.771 0.060 0.947 15.012

Catheter use before
-0.071 0.818 0.932 0.931 0.187 4.632
surgery

Urological risk factors 2.388 0.581 10.890 <0.0013.488 34

185 * PS1 ASA (Physical Status, American Society of sthesiology) was used as a reference.

186  Abbreviations: Cl= confidence interval; and SE anstard error

187

188 A strong correlation between preoperative cathetage and the baseline

189  bacteriuria/colonization status of 0.965 (p=0.0&6}% found. The reduction in the odds ratio of
190 preoperative catheter usage between the univamatehe multivariate regression analyses may
191  suggest multicollinearity. The final model (Tableidcluded the baseline drug allocation data
192  and urological risk factors. The adjusted multigtgianalysis again demonstrated a statistically
193  non-significant effect of ceftriaxone.

194

195  Table 4. Multivariate regression: final model



95% ClI for

Exp (beta)
Outcome: infection status Adjusted
post-surgery Beta SE Odds Ratio P-value Lower Upper
With bacteriuria and/or  1.564 0.492 4.777 0.001 1.820 12.540
prostatic colonization at
baseline
Ceftriaxone -0.552 0.459 0.576 0.228 0.234 1.414
Urologic risk factors 2.102 0.534 8.182 <0.001 738 12.282
196 PS ASA = Physical Status, American Society of Anesiblogy
197
198 Two sub-analyses were conducted. The first consttlenly patients without

199  preoperative bacteriuria and/or colonization of phestate (n = 97) and indicated likely

200 prophylactic efficacy of ceftriaxone over cefazolit no statistically significant difference was
201 found. For the second subgroup analysis, whichidersd patients with no urological risk

202 factors (n = 110), we again failed to reject th# hypothesis regarding the effectiveness of
203  ceftriaxone over cefazolin. Regarding the covasiateluded in the model, ASA llI, the pre-
204  surgery infection status and catheter use pre-spege noted as predictors of a higher

205  probability of post-surgery infection.

206

207 4. Discussion
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In the present era, humans are faced with an isetelife expectancy. Elderly surgical
patients therefore require special consideratiantduthe high prevalence rates of comorbidities
among individuals in this age group who requirgyety [21]. Benign prostatic hypertrophy is
prevalent in the elderly. Each patient’s abilitytoéterate the intravascular volume changes
associated with the apparently non-invasive sutggcdanique of TURP should be evaluated.
Moreover, TURP is occasionally associated with ificgmt morbidity and even mortality [22].

A great deal of evidence supports the use of aitprophylaxis in TURP patients, but
three large meta-analyses suggesting that propigyEatimicrobials may be effective in all
patients undergoing TURP included only low-riskigais and those with preoperatively sterile
urine [12,13,23]. However, the presence of predperdacteriuria/prostate colonization and an
indwelling urinary catheter are not independentdes; and the presence of infection must be
properly assessed, for example, by performing wultires before and after surgery [24].

A reduction in the proportion of infections afterrgery was observed among the patients
treated with ceftriaxone; however, this differemes statistically non-significant. Such a result
might not represent a negative finding. Insteathay indicate an absence of evidence regarding
the differences in the treatments. Thus, the userbéry cephalosporins for antimicrobial
prophylaxis in TURP patients may be unnecessarfiri®eone was expected to be more
protective than cefazolin due to its broader spectut statistical analysis showed no
significant difference in this regard. Consistefthwthis finding, a report by the American
Society of Health-System Pharmacists (ASHP) recontim¢hat broad-spectrum antimicrobials,
such as third-generation cephalosporins and caneapg should be reserved for patients with
active infections or for those who require addisibcoverage for intestinal organisms. Routine

use of third-generation cephalosporins is not renended due to their high cost and the



231 potential to promote resistance to HAlI Gram-negabscilli. Cefazolin may therefore be an

232 appropriate drug for UTI prophylaxis in TURP patgdue to its good coverage of most

233 microorganisms that cause infections in TURP p#tiand its low probability of causing

234  resistance [25].

235 Many urological conditions are associated withrasreased risk of UTIs and urosepsis,
236 primarily obstruction of the urinary tract, the peace of contaminated stones, and postoperative
237  placement of indwelling catheters. In the presamys urological factors were found to be

238  directly related to risk of postoperative infecti@md it was challenging to determine how each
239  of these factors influenced the patients’ suscéyilbo infection. Further studies are necessary
240  to answer these questions.

241 5. Conclusion

242 No significant difference in the effectiveness d@ilagle dose of ceftriaxone compared
243 with cefazolin for the prevention of postoperatinfections was found in patients undergoing
244  TURP following the early postoperative removal nfiadwelling catheter. Due to the pragmatic
245 assumptions of this trial, this result might nqiresent a negative finding; instead, it may

246  indicate the importance of risk factors influencthg patients’ susceptibility to infection and an
247  evaluation over 30 days is very important to depastoperative infections in TURP patients.
248
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