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Abstract

Aim: Although infectious complications after a prostate biopsy are uncommon, they may have fatal outcomes. An efficient prophylaxis
plan has not been defined in the current literature to reduce these problems. In this study, we aimed to compare the use of ciprofloxacin
(CIP) and fosfomycin trometamol (FT) for prophylaxis in terms of infectious complications and morbidity-related parameters in patients
who underwent transrectal ultrasound-guided prostate biopsy (TRUSPB).

Methods: The study included 104 patients who received FT for TRUSPB prophylaxis (group 1) between May 2021 and May 2022 and
113 patients who received CIP for TRUSPB prophylaxis between April 2020 and April 2021 (group 2). All patients were instructed to
visit our hospital if they had any complaints relevant to the procedure, and outpatient control visits were scheduled one month after
the procedure. Post-procedure infectious or non-infectious complications within one month were identified by screening the patients’
electronic records and medical charts belonging to their inpatient, outpatient, or emergency department visits.

Results: After the biopsy procedures, the rates of lower urinary tract symptom development, positive urine cultures, and the requirement
of hospitalization for parenteral antibiotic treatment were found to be significantly lower in group 1 than in group 2 (p=0.048). In the
analyses performed independently of the prophylaxis regimen, it was observed that an increase in the Charlson Comorbidity Index of
the patients caused a significant increase in the rates of both urosepsis (p=0.024) and the requirement of hospitalization for parenteral
antibiotic treatment (p<0.001).

Conclusion: We observed that the use of FT for prophylaxis in TRUSPB was superior to the use of CIP in terms of reducing infectious
complications.
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Introduction

Prostate cancer is the second most common cancer in
men worldwide and occurs mostly when men are active in
theirlives(1,2). Prostate biopsyis currently the gold standard
diagnostic tool for prostate cancer diagnosis, and it can be
performed via the transperineal or transrectal approach
(3). Although over 2 million procedures are performed

annually in the United States and Europe, complications,
some of which can be life-threatening, continue to be
a significant challenge (4). Frequent complications of
transrectal biopsies have been defined as hematospermia,
hematuria, and rectal bleeding. A minority of patients who
have undergone transrectal ultrasound-guided prostate
biopsy (TRUSPB) face infectious complications, including
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cystitis, epididymitis, orchitis, prostatitis, and urosepsis
(5). Mortality after a prostate biopsy is extremely rare
and is mostly due to urosepsis (4). Various antibiotic
prophylaxis protocols are used to reduce infectious
complications, and clinics regularly update their antibiotic
preferences according to the published results of the new
regimens. Fluoroquinolones have been traditionally used
for the antibiotic prophylaxis of TRUSPB. However, the
overuse and misuse of fluoroquinolones have increased
fluoroquinolone resistance (6). A systematic review and
meta-analysis on antibiotic prophylaxis for the prevention
of infectious complications following prostate biopsy
concluded that in cases of fluoroquinolone resistance
or augmented prophylaxis (combination of two or
more different classes of antibiotics), the common
recommendation in the literature was targeted therapy
(7). However, no standard antibiotic prophylaxis protocol
is used worldwide because of regionally different antibiotic
resistances. A meta-analysis of three randomized clinical
trials reported that fosfomycin trometamol (FT) was
superior to fluoroquinolones (relative risk: 0.49, 95%
confidence interval: 0.27-0.87) (7), but the routine
general use of this agent remains controversial due to the
infectious complications reported to date (8).

The aim of this study was to compare FT prophylaxis
with ciprofloxacin (CIP) prophylaxis in terms of their
efficacy in preventing infectious complications.

Methods

Compliance with Ethical Standards

The present study was approved by the Ethics
Committee of Istanbul University-Cerrahpasa, Cerrahpasa
Faculty of Medicine (approval number: 488788, date:
22.09.2022).

Study Design

The records of all patients who underwent TRUSPB
with two different prophylactic antibiotic regimes (FT
and CIP) in our institution between April 2020 and May
2022 were retrospectively evaluated. Group 1 consisted
of patients who received 3 g of oral FT 12 h before and
24 h after TRUSPB. Group 2 consisted of patients who
received oral CIP for three days prophylactically, starting
the day before TRUSPB. Only patients who were followed
up for more than three months were included in the
study. Patients who had used fluoroquinolones or FT for
any reason within the last three months, had known
resistance or allergies, had missing data, or did not attend
follow-up visits were excluded from the study. To assess
the data more homogenously, we also excluded patients
who underwent TRUSPB under parenteral antibiotic
prophylaxis due to resistant susceptibility testing results.
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Patients who were admitted to the hospital with conditions
unrelated to the biopsy procedure were excluded from
the final analysis.

Biopsy Procedure

Biopsies were performed in the endoscopy suite of
our institution by experienced urologists with more than
five years of experience in prostate biopsies. Antibiotic
prophylaxis was started for the patients in both groups one
day before the procedure, and the patients were instructed
to apply a self-administered sodium phosphate enema the
evening before the procedure. Before the procedure, the
patients’ comorbidities, urine culture results, prophylaxis
status, blood coagulation parameters, antiaggregant
or anticoagulant drug use, and the presence of specific
symptoms of infection (i.e., fever, chills, urgency, frequent
urination, or suprapubic tenderness) were questioned in
detail by urologists. For the patients whose antiaggregant
or anticoagulant therapy was not regulated, those who
had symptoms of urinary tract infection (UTI), and those
with positive urine culture results, the biopsy procedures
were postponed. Patients with positive urine cultures were
treated with antibiotics, and a negative microbiological
control after therapy was required before biopsy. 3 g FT
was administered prophylactically before and within 24
to 48 h after the procedure, as specified in the prostate
biopsy prophylaxis section of the current European
Association of Urology (EAU) prostate cancer guideline
(3). Patients who received CIP for prophylaxis received a
three-day prophylactic course of medication beginning the
day before their procedure. The patients were placed in
the left lateral decubitus position, and lubricant sterile gel
with lidocaine (Lubagel Plus, Yasemin Medika, Istanbul,
Turkey) was applied via the rectal route. A digital rectal
was examined, and the findings were recorded in the
patient’s file. A 6.5-MHz transrectal ultrasound probe
(Siemens Medical Systems, Inc., Issaquah, WA, USA).
Prostate volume was calculated using the prostate
ellipsoid formula: volume (V)=0.52 (L x W x H), where L
is the cephalocaudal diameter, W is the width, and H is
the anteroposterior diameter. A periprostatic block was
applied with a combination of lidocaine and bupivacaine
using a 20-cm-long, 22-gauge needle (Chiba Biopsy Needle
with Echogenic Tip, Argon Medical Devices Inc., Dallas,
USA) for both sides under the guidance of transrectal
ultrasonography. Transrectal ultrasound-guided prostate
biopsy was performed using a disposable 18-gauge x 25-
cm biopsy needle (Argon Pro-Mag Biopsy Needle, Argon
Medical Devices Inc., Dallas, USA). According to the
standard biopsy protocol, 12 core biopsies were taken.
If the calculated prostate volume was larger than 60 cc,
four additional cores were added. If a suspicious lesion
was detected on multiparametric prostate magnetic
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resonance imaging (MRI) before the procedure, three
subsequent additional core biopsies per lesion were taken
using an MRI fusion biopsy device (UroNav, Invivo-Philips,
Gainesville, FL, USA).

Follow-up

All patients were advised to present to our hospital if
there were any severe rectal or urinary bleeding, urinary
retention, fever, chills, or lower urinary tract symptoms. We
scheduled visits within one month after TRUSPB as a cut-
off to capture only infections that could be related to the
prostate biopsy. Any events that occurred more than one
month after the prostate biopsy were considered unlikely
to have been related to TRUSPB. All symptomatic patients
who presented to the hospital underwent a physical
examination and urinalysis. Similar to the criteria described
by Fahmy et al. (9), urine cultures were taken from the
patients who presented with fever, fatigue, any lower
urinary tract symptom (i.e., urgency, frequency, dysuria, or
suprapubic tenderness), bacteriuria [=10* colony-forming
units (CFUs)/mL], and pyuria (>5 leucocytes/high-power
field). Hemocultures and blood tests were collected from
the patients with a body temperature of >38 °C and/
or in the presence of a septic status. Patients who were
considered to have febrile UTIs and required parenteral
antibiotics were admitted to the inpatient clinic. In our
study, we screened for sepsis using the quickSOFA (qSOFA)
score, in which each of the following three criteria is
assigned one point: A low systolic blood pressure (=100
mmHg), a high respiratory rate (=22 breaths per minute),
or altered mental status (Glasgow Coma Scale score <15).
(10) Those who scored two out of three in the screening
were further evaluated by an infectious diseases specialist
in terms of sepsis.

Statistical Analysis

SPSS v. 20 (IBM Corp. Released 2011, IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY: IBM
Corp.) statistical program was used for the evaluation of

the data. The assumption of normality was tested using
the Shapiro-Wilk test. The two groups were compared with
the Independent sample t-test and the Mann-Whitney U
test. The relationship between categorical variables was
analyzed with Fisher’s exact and chi-square tests. P<0.05
was considered significant.

Results

Patient characteristics for both groups are shown in
Table 1. Group 1 consisted of 104 (47.92%) patients,
and group 2 consisted of 113 (49.77%) patients. The
two groups were similar in terms of median age, prostate
volume, the number of biopsy cores, and presence of
urethrorrhagia and rectorrhagia. The median Charlson
Comorbidity Index (CCl) and prostate-specific antigen
(PSA) values of the patients in group 2 were significantly
higher than those of the patients in group 1 (p=0.004).
The median number of biopsy cores was significantly
higher in group 1 than in group 2 (p=0.007). The number
of patients presenting with lower urinary tract symptoms
after the biopsy was 16 (15.38%) in group 1 and 39
(34.51%) in group 2 (p<0.001). We detected six (5.76%)
post-procedure positive urine cultures in group 1 and 20
(17.69) in group 2 (p=0.007). Eight (30.76%) of these
patients were treated with oral antibiotics (Table 2). In
group 1, five patients were hospitalized for parenteral
antibiotic treatment. Extended-spectrum beta-lactamase
(ESBL)-positive Escherichia coli (E. coli) > 100.000 CFU/
mL was detected in the urine cultures of four of these
patients, and meropenem was administered in accordance
with susceptibility testing. We detected Pseudomonas
aeruginosa in the remaining patient and treated it with
amikacin monotherapy according to the susceptibility
testing results. In group 2, ESBL (+) E. coli >100.000 CFU/
mL was detected in the urine cultures of 11 of the 13
patients, of whom nine were treated with meropenem and
two with ertapenem in line with susceptibility testing. In
the remaining patient, Enterococcus spp. >100.000 CFU/

Table 1. Patient characteristics

FT (group 1) CIP (group 2) p value
Patients, n (%) 104 (47.92) 113 (52.07)
Age, median (IQR25-IQR75) 65 (58-71.75) 65 (59-69.5) 0.5814
Diabetes mellitus, n (%) 32 (30.76) 41 (36.28) 0.39%
CCl, median (IQR25-IQR75) 3 (1-5) 4 (2-5) 0.004*
PSA, ng/mL, median (IQR25-IQR75) 7.5(5.2-12) 10 (6.24-26) 0.007%
Prostate volume, cm?, median (IQR25-IQR75) 50 (37.63-65.75) 50 (35-65) 0.901#%
Number of biopsy cores, mean (IQR25-IQR75) 16 (15-18) 14 (12-16) 0.000*
Urethrorrhagia, n (%) 16 (15.38) 16 (14.15) 0.799*
Rectorrhagia, n (%) 16 (15.38) 27 (23.89) 0.108*

*Independent samples t-test, “Mann-Whitney U test, *Fisher’s exact test, Y*Chi-square test
FT: Fosfomycin trometamol, CIP: Ciprofloxacin, CCl: Charlson Comorbidity Index, PSA: Prostate-specific antigen
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mL ampicillin resistant were detected in urine cultures,
and teicoplanin treatment was started according to
susceptibility testing (Table 3). Two patients, both in group
2 and both with CCl >7, were evaluated for urosepsis
according to the qSOFA screening criteria. ESBL (+) E. coli
>100.000 CFU/mL was detected in the first patient’s urine
culture 14 days after the biopsy. Empirical meropenem
treatment was started as soon as blood cultures were
obtained when clinical signs appeared. Blood cultures
remained sterile, and meropenem was continued based on
urine culture results. In the second patient, Enterococcus
spp. >100.000 CFU/mL were detected in the urine culture
8 days after the biopsy, while his blood cultures were sterile.
Teicoplanin was initiated empirically upon Gram staining
results and continued according to susceptibility testing.
Due to the development of urosepsis, both patients were
transferred to the intensive care unit. Despite timely and
prompt parenteral antibiotics and vasopressor therapy, the
patients succumbed to urosepsis.

Discussion

The results of our study showed that FT prophylaxis
was superior to CIP prophylaxis in terms of lower urinary
tract symptoms, urine culture positivity, infections
requiring hospitalization, and urosepsis after TRUSPB.
Although TRUSPB is generally considered a safe outpatient
procedure, infectious complications carry the risk of death.
The incidence of bacteriuria and urosepsis following
transrectal prostate biopsy was reported to be 17.1% and
5.7%, respectively, in a recent study (11). This circumstance
appears to be very extraordinary and concerning. Also,
with the increasing number of men on active surveillance
worldwide, there has also been an increase in the number

of repeat biopsies that have a higher risk of infectious
complications than primary biopsies. To prevent infectious
complications, fluoroquinolones, which are effective
in the Enterobacteriaceae family, are commonly used
in patients undergoing TRUSPB worldwide. However,
due to increasing fluoroquinolone resistance in recent
years, fluoroquinolones are no longer the most effective
alternative for prophylaxis (12-14). In particular, the
European Commission has imposed stringent limits on
fluoroquinolones and prohibited their use for prostate
biopsy prophylaxis (6). Other alternatives to CIP include
parenteral antibiotics, which are not endorsed as
prophylaxis according to the EAU guidelines. Despite the
increasing resistance to CIP in Turkey, this antibiotic is still
widely used for various clinical cases, and yet there is no
regulatory rule to limit its use for prophylaxis. Since we
encountered challenging infective complications under
CIP prophylaxis more frequently, we started to use FT
prophylaxis, recommended by the EAU guidelines, in our
clinical practice and compared the outcomes of these two
prophylaxis agents in the current study. A study by Ongln
et al. (15) compared the outcomes for 620 patients
under FT- or fluoroquinolone-based TRUSPB prophylaxis,
and the results showed that FT prophylaxis reduced the
rates of fluoroquinolone-resistant infections requiring
hospitalization. In a meta-analysis published by Pilatz et al.
(7)in 2020, data obtained from 59 randomized controlled
trials and 14,153 patients were examined, and it was
emphasized that FT prophylaxis was a good alternative for
prophylaxis with low infection rates, especially in countries
where the use of CIP was restricted. In comparison to
fluoroquinolone, a recent meta-analysis suggested that

Table 2. Patients were treated with oral antibiotics

FT (group 1) CIP (group 2) p value
Presence of LUTS symptoms after biopsy, n (%) 16 (15.38) 39 (34.51) <0.001"
Positive urine culture, n (%) 6 (5.76) 20 (17.69) 0.007"
Treatment with oral antibiotics, n (%) 1(0.96) 7 (6.19) 0.067*
Hospitalization and treatment with parenteral antibiotics, n (%) 5 (4.8) 13 (11.5) 0.048Y
Urosepsis, n (%) 0 (0) 2 (1.76) 0.49°¢
Mortality, n (%) 0 (0) 2 (1.76) 0.49*
*Fischer’s exact test, YChi-square test
FT: Fosfomycin trometamol, CIP: Ciprofloxacin, LUTS: Lower urinary tract symptoms
Table 3. Urine culture results of the patients treated with parenteral antibiotics

FT (group 1) CIP (group 2)

Escherichia coli (ESBL), n (%) 4 (80) 11 (84.6)
Pseudomonas aeruginosa, n (%) 1 (20) 0
Staphylococcus aureus, n (%) 0 1(7.7)
Enterococcus spp. n (%) 0 1(7.7)
FT: Fosfomycin trometamol, CIP: Ciprofloxacin, ESBL: Extended-spectrum beta-lactamase
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FT or the combination of FT and fluoroquinolone may
have a similar preventive impact on UTls after TRUSPB,
and FT may be a good option considering the increase
in fluorogquinolone resistance (16). However, Carignan
et al. (8), who examined the data of 9,391 patients who
had undergone TRUSPB in a nested case-control non-
randomized study, reported that the risk of infection
increased with FT prophylaxis compared to CIP prophylaxis
and that this risk could not be reduced by administering
a second dose of FT. Similar to the studies of Ongiin et
al. (15) and Pilatz et al. (7), we found fewer infective
complications in our FT prophylaxis group. Urosepsis
development after TRUSPB is a serious, life-threatening
complication. When the current literature is reviewed in
terms of urosepsis rates, Morin et al. (12) examined the
results of prostate biopsies performed in Canada between
2012 and 2015 and found that only 1.1% (12/1090) of
patients who received CIP prophylaxis and 0.2% (2/1197)
of those who received CIP + FT prophylaxis developed
urosepsis, and the rate of urosepsis development was
lower in the CIP + FT combination. In a study conducted in
ltaly in 2015, Cai et al. (17) retrospectively evaluated the
data of 1,109 patients who underwent TRUSPB and found
that 0.3% (2/632) of the patients in the FT group and 1.8%
(9/477) of those in the CIP group developed urosepsis.
We evaluated our patients for urosepsis according to the
gSOFA criteria as recommended by the EAU urological
infection guidelines (10,3). We found the rate of urosepsis
to be 1.76% in the CIP group, whereas urosepsis was
not observed in any of the patients in the FT group. Our
results seem to be consistent with the literature. Positive
urine culture results, with or without systemic findings
of infection requiring hospitalization after TRUSPB are
becoming a more significant problem in current medical
practice. When our series was examined, ESBL (+) E.
coli growth was detected in 83.33% of our hospitalized
patients, and Staphylococcus aureus, Enterococcus spp.,
and Pseudomonas aeruginosa growth was observed in
one patient each. In the current literature, ESBL (+) E. coli
growth is reported in a wide range from 56% to 100%
(18-20). According to the risk distribution map of the 2019
global antimicrobial resistance evaluation study, the rate of
fluoroquinolone-resistant E. coli in the general population
of Turkey was 40-50%, and the rate of third-generation
cephalosporin-resistant E. coli was 20-30% (21). In light of
these data, the rate of multidrug resistance reflects current
epidemiology. Comorbidities often lead to poor outcomes,
and therefore patients’ comorbidities should be evaluated
before TRUSPB. Charlson Comorbidity Index is widely used
to evaluate patients’ comorbidities and assess mortality
risks. In our study, an increase in CCl increased both the
requirement for hospitalization for parenteral antibiotic
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treatment and the rate of urosepsis. However, CCl is rarely
used in studies comparing different prophylaxis protocols
in the literature. In a 2016 study, Cai et al. (17) compared
FT and CIP in TRUSPB prophylaxis and found that a CCl
of more than 1 increased the likelihood of symptomatic
UTls. Based on our similar results, we consider that CCl
should be evaluated before the procedure and that more
effective prophylaxis protocols should be applied for
prophylaxis in patients with a CCl of more than 1. Mortality
is rarely seen after TRUSPB. In a large-scale population-
based study evaluating mortality rates within the first four
months after TRUSPB, the data of 22,175 patients was
evaluated, and it was reported that 279 (1.3%) patients
died during this period (22). In addition, the mortality
rate was found to be 0.7% in patients with a CCl of O
and 2.2% in those with a CCl of 3 or 4. In our study,
there was no patient loss in the FT group, but two (1.7%)
patients who underwent prophylaxis with CIP died due to
urosepsis and related complications after the procedure.
The first of these patients was a 71-year-old male who had
no known additional disease but had metastatic disease
of an unknown primary on admission. The CCl for this
patient was determined to be 9. Since his total PSA was
15 ng/dL, a transrectal prostate biopsy was performed. He
presented with chills and a fever four days after the biopsy.
Extended-spectrum beta-lactamase positive E. coli was
detected in the urine culture, and his gSOFA score was 3
on clinical assessment. The patient was transferred to the
intensive care unit and followed up with positive inotropes
for 5 days, but died despite all efforts. The second patient
was a 72-year-old man with diabetes mellitus, mitral valve
regurgitation, and congestive heart failure. He had a CCl
value of seven. Considering that the total PSA level was
16 ng/mL, a transrectal prostate biopsy was performed.
One day after the biopsy, he presented to our clinic with
a deterioration in his general condition. The qSOFA score
was calculated to be 3, and he was transferred to an
intensive care unit. Enterococcus spp. >100.000 CFU/mL
were detected in his urine culture, and teicoplanin was
started empirically and continued as targeted therapy
according to susceptibility testing. He died after six days of
follow-up in the intensive care unit. There was no patient
loss in the FT group. The high CCl scores of both patients
who died indicate the importance of evaluating patient
comorbidities before TRUSPB.

Study Limitations

There are some limitations to our study. Rectal swab
cultures to screen for multidrug resistance in the rectal
flora were not obtained from the patients before the
biopsy procedure. A controversial issue emphasized in
the literature is that different patterns of resistance may
exist among the rectal flora of the same patient and
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may be overlooked in screening cultures. Routine rectal
washing with povidone-iodine was also not undertaken
during the procedure. Lack of randomization in assigning
patients to the prophylaxis groups and the higher mean
CCl score of the patients in the CIP arm are among the
major limitations of our study. Laboratory analyses for
control were also not requested for patients who did
not develop any symptoms during the follow-up period.
The number of fusion biopsies performed was higher in
the FT group. Finally, it should be noted that Germany
has withdrawn the use of FT for prostate biopsies
because its manufacturers failed to provide the required
pharmacokinetic data (3).

Conclusion

It was observed that the use of FT for prophylaxis
in TRUSPB was superior to the use of CIP in terms of
reducing infectious complications. We recommend that
more effective prophylaxis protocols be applied to lower
the rates of infectious complications related to TRUSPB.
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