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Abstract
Infectious complications following prostate biopsy are reported to be increasing in incidence with
associated individual and public health burden. Complication rates parallel a rise in antibiotic resistant
colonisation of rectal flora in patients undergoing biopsy. Following systematic review, risk factors for
post biopsy infection, preventative strategies, alternative sampling methods, and management of
infectious complications are presented. Risk factors for infection should be identified; including
urogenital infection or antibiotic use, international travel, hospital exposure, bacteriuria, or previous
transrectal biopsy. Patients with risk factors may benefit from an adjusted biopsy protocol-comprising
transrectal biopsy under targeted prophylaxis, and/or the use of rectal disinfection techniques as well as
a transperineal biopsy approach. Management of post biopsy infection should be based on individual
risk, local resistance profiles, and in collaboration with infectious diseases specialty physicians.
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Summary of recommendations

Recommendation LoE GoR

1. The proportion of patients undergoing TRUS biopsy harbour antibiotic-resistant bacteria
in their gut flora is not insignificant. Routine quinolone-based prophylaxis may no longer be
sufficient for all patients.

1B A

2. Risk factors should be identified for all patients scheduled for prostate biopsy to
determine if an altered prophylaxis regime is to be considered. These include:

2A B

 

Urogenital infection and/or antibiotic use in last 6 months 2A  

International travel in last 6 months 2A  

Hospital admission or exposure (healthcare worker) in last 6 months 2A  

Current bacteriuria/indwelling catheter 2A  

Previous TRUS biopsy 2A  

Planned saturation biopsy 2B  

3. Patients without risk factors may proceed to TRUS biopsy using   quinolone-based
prophlyaxis following informed consent of their low risk of sepsis, as well as clear
instruction to seek urgent medical attention if they develop symptoms of infection.

1B A

4. Patients with risk factors should prompt the clinician to consider:   

 

A transperineal biopsy, requiring only single dose prophylaxis with IV cephazolin, with
risk of sepsis less than 1/1,000, OR

2A/3 B

TRUS biopsy following rectal culture and targeted antibiotic prophlyaxis according to
culture results, AND/OR

2A B

TRUS biopsy with rectal disinfection using Povidone-iodine 2A B

1 Introduction

Transrectal ultrasound-guided (TRUS) biopsy of the prostate (TRUBP) is the most commonly used
modality to diagnose prostate cancer resulting in millions of biopsies performed internationally each
year. Widespread use of PSA testing, an ageing population and increasing implementation of active
surveillance protocols for low risk disease led to more TRUS biopsies performed over the last two
decades. While the U.S. Preventative Services Task Force recommendation in 2012 has resulted in
reduced PSA testing and biopsy rates [1], TRUBP are still performed in high numbers worldwide.
TRUBP is generally considered a safe procedure performed using local anaesthetic with or without
procedural sedation, but infectious complications can occur; including urinary tract infection (UTI),
prostatitis, and sepsis [2], [3]. These are due to inoculation of the prostate and surrounding blood
vessels with bacterial flora of the rectal mucosa, particularly Gram-negative Enterobacteriaceae such as
Escherichia coli. Sepsis occurs in approximately 1% of biopsy procedures and UTI in more than 6%,
resulting in substantial health and economic burden [4], [5]. TRUBP is therefore considered a
‘contaminated’ procedure under European Association of Urology (EAU) guidelines, necessitating
antibiotic prophylaxis as a standard of care for all cases [6], [7], [8], [9], [10]. Fluoroquinolone-based
antimicrobial prophylaxis is recommended by many authorities, including the EAU and the American
Urological Association, due to their broad coverage against rectal flora and good penetration into the
prostate gland [11]. Duration of prophylaxis is varied between urologists and health services, with no
evidence to suggest prolonged duration translates to reduced complications [7], [12], [13].

Despite prophylaxis, observational studies have reported increasing rates of infectious complications
over the past two decades and postulate a strong association with changing patterns of antimicrobial
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resistance [14], [15], [16], [17]. The most clinically significant emerging phenotype is that of
fluoroquinolone resistance, which has been reported to affect complication rates for other surgical
procedures [4]. Teillant and colleagues have reported that, in the USA, 13,120 post-TRUBP infections
per year are attributable to fluoroquinolone resistance, which would increase to 64,000 infections per
year in the event of 100% fluoroquinolone resistance [4]. The management of TRUBP complications
causes significant financial burden on health systems, reported to cost more than that due to methicillin-
resistant Staphylococcus aureus a n d Clostridium difficile in the UK [18], [19]. The non-financial,
unmeasurable burden of disease from TRUBP complications, including psychological burden of
significant illness, hospital admission and anxiety regarding future biopsies, must also be considered
[20].

In this chapter, we sought to systematically review and critically appraise available published literature
on risk factors, prevention and management of TRUBP-associated infectious complications in order to
provide recommendations for general use in daily urology practice.

2 Methods

A systematic search of the literature was conducted in January 2016 in accordance with the PRISMA
statement and Cochrane Guidelines [21]. The Cochrane Central Register of Controlled Trials
(CENTRAL), PubMed, EMBASE, and LILACS databases were searched for the following key terms:
prostat*, biopsy, infect*, culture*, bacter*, sepsis, fever, UTI. Only peer reviewed manuscripts were
considered were inclusion.

A total of 4,494 citations were identified, which after exclusion of duplicates and screening by title and
abstract, approximately 600 were considered for full text review. Review of reference lists of included
manuscripts for applicable studies was also performed.

Studies were rated according to the level of evidence (LoE) and the grade of recommendation (GoR)
using a system used in the EAU guidelines (2015) modified from the Oxford Centre for Evidence-based
Medicine [22]. Overall, included studies were contained limited randomised data for most scenarios, and
consequently the LoE is mostly 2A/2B and GoR B.

3 Results

3.1 Incidence

Complications following TRUBP are reported with great variability and subject to a lack of complication-
specific standardised definitions. Furthermore, the incidence of complications varies according to the
geographic region in which studies are conducted. Across published reports, a wide-ranging incidence of
emergency department presentations (0–6%), hospitalisation (up to 4%), and severe sepsis of 0–1% is
observed [3], [23], [24], [25]. In an attempt to standardise complication estimates across three key
measures, hospitalisation, sepsis and acute urinary retention, Bennett and colleagues performed a
systematic review and meta-analysis utilising directly standardised prevalence estimates based on
cases of new prostate cancer cases according to GLOBOCAN [5]. The reported estimates are
presented in table 1.

Table 1: Incidence of TRUBP complications and fluoroquinolone resistance by continent
(adapted from Bennett et al. [5] and Zowawi et al. [32])

 TRUBP Complication Global estimate
fluoroquinolone
resistanceContinent Hospitalisation Sepsis Acute urinary

retention

Asia 2.2% (0–7.7) 1.0% (0.3–2.0) 1.2% (0.2–6.8) 40% (33–47%)
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Europe 0.9% (0.1–4.7) 0.7% (0–2.9) 0.5% (0.4–4.0) 22% (22–25%)

North America 0.8% (0.2–1.7) 0.8% (0.4–5.7) 0.2% (0.1–6.8) 16% (13–18%)

All figures expressed as pooled estimate % (95% confidence interval)

Many recent reports highlight an increasing incidence of TRUBP-related complications with time in
parallel with a worldwide trend of increasing antimicrobial resistance and subsequent infection with
fluoroquinolone resistant micro-organisms [17], [26], [27], [28], [29]. Despite this trend, 30-day mortality
estimates remain between 0.1–1%, lower than the age adjusted population [14], [15], [16], [17], [26],
[30], [31]. As fluoroquinolones are the predominant antimicrobial used for TRUBP prophylaxis, estimates
of fluoroquinolone resistance have been included in table 1.

Figure 1: Global prevalence of fluoroquinolone resistance in Gram-negative urinary pathogens (adapted from
Zowawi et al. [32]) – data from published studies or national surveillance databases 2009–2014.

3.2 Risk factors

An appreciation for risk factors predictive of post-TRUBP infection allows the treating urologist to guide
prophylaxis, as well as assist in patient selection for alternative sampling methods [33]. Reported risk
factors for post-TRUBP infection are listed in table 2.

Table 2: Risk factor summary (adapted from Loeb et al. [2])

Host related

Rectal flora antimicrobial resistance (fluoroquinolone most commonly)

Recent urogenital infection and/or antibiotic use

Hospital admission or exposure (healthcare worker)

Recent international travel

Bacteriuria (pre-biopsy urine culture, indwelling catheter in situ)

Co-morbidities (Diabetes mellitus, cardiac valve replacement, chronic obstructive
pulmonary disease, benign prostatic hyperplasia)

Approach – transrectal, transperineal, MRI-guided
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Surgeon related
Repeat biopsy

Greater number of biopsy cores

Contaminated ultrasound gel

3.2.1 Host-related

3.2.1.1 Antimicrobial resistance

With fluoroquinolone therapy being most commonly used for TRUBP prophylaxis, the risk factor most
predictive of post-TRUBP infection is fluoroquinolone resistance in rectal flora [16], [17], [23], [24], [28],
[30], [34], [35]. TRUBP causes translocation of rectal bacteria across the rectal mucosa into the
prostate and bloodstream. The mechanism of antimicrobial resistance development in rectal flora is
induced by selection pressure following fluoroquinolone use, or acquired by travel to areas of high
endemic antimicrobial resistance [3], [28], [36], [37], [38]. Fluoroquinolone resistance in E. coli blood
stream isolates has been reported to average 12% in the United States and 20% in Europe, with known
fluctuation between 10 and 45% secondary to regional differences [3]. The prevalence of fluoroquinolone
resistance has been observed to be higher in Asian countries (26.7–92%) [39], [40].

A recent meta-analysis, reporting on nine studies and 2,541 patients, reported that prevalence of
fluoroquinolone resistance in rectal flora may be higher (20.4% vs. 12.8%) after fluoroquinolone therapy
prior to TRUBP. There was a higher incidence of TRUBP-associated infections in patients with
fluoroquinolone resistant rectal cultures compared with fluoroquinolone sensitive (7.1% vs. 1.1%), which
translated to a 7.4% vs. 1.4% risk difference, respectively. Thus, it was estimated that for every 14 men
with a fluoroquinolone resistant rectal culture, one additional TRUBP-associated infection was observed
compared with men displaying fluoroquinolone-sensitive cultures [35].

These findings were supported by a collaborative analysis of the original source data, with
fluoroquinolone resistance associated with an increased overall risk of infection (OR 3.98, 95% CI 2.37–
6.71) and hospitalisation (OR 4.77, 95% CI 2.50–9.10), which were highest with fluoroquinolone
monotherapy [41]. Further confirmation in independent cohorts further support a causative relationship
between TRUBP-associated infections and fluoroquinolone resistance, however are based on non-
randomised data [42], [43], [44].

3.2.1.2 Prior urogenital infection and/or antibiotic use

A number of studies in patients undergoing TRUBP have reported antimicrobial use within the past 3–6
months to be significantly associated with fluoroquinolone resistant carriage in the rectal flora [17], [36],
[45], [46], [47], [48]. These findings have been corroborated using meta-analysis, with history of
genitourinary infection (OR 2.56; 95% CI 1.13–5.79; n=1,218) and prior fluoroquinolone use (OR 4.12;
95% CI 2.30–7.37; n=1,356) reported to be significant risk factors for fluoroquinolone-resistance
colonisation. The use of antimicrobials in these scenarios causes selection pressure on the normal
rectal flora, resulting in preferential growth of resistant species [49]. Wagenlehner and colleagues
demonstrated on rectal swab culture that single dose prophylaxis was sufficient to select for
ciprofloxacin resistant organisms, with a four-fold increase in fluoroquinolone resistance after
administration [50]. This has also been demonstrated in studies investigating empiric antibiotics for
elevated PSA, with extended antibiotic administration leading to significantly higher rates of sepsis and
resistance following biopsy [51]. Given the high concordance between fluoroquinolone resistance and
extended-spectrum beta-lactamase (ESBL) production, it is unsurprising that the use of fluoroquinolone
prophylaxis has also been shown to co-select for ESBL-producing E. coli [52].
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3.2.1.3 Hospital admission or exposure (healthcare worker)

Hospitalisation in the year preceding biopsy has also been shown to increase carriage of fluoroquinolone
resistant organisms and increase biopsy related infection [11], [17], [46], [53]. Interestingly, this risk has
also been observed in physicians [54], as well as relatives of hospital employees [55].

3.2.1.4 Recent international travel

International travel, particularly involving contact with healthcare facilities, also increases carriage of
resistant organisms [36], [48]. This was particularly true of exposure to healthcare facilities and water
sources in the Indian subcontinent and South-East Asia, where resistance rates are known to be high
[5], [38], [56].

3.2.1.5 Bacteriuria (pre-biopsy urine culture, indwelling catheter in situ)

Asymptomatic bacteriuria is an established risk factor and routine testing is recommended in the EAU
guidelines, though poor compliance with this recommendation is reported [57], [58]. History of urethral
catheterisation or prior urogenital infection (urinary tract infection or prostatitis) is also associated [31],
[45], [59].

3.2.1.6 Co-morbidities

The presence of co-morbidities such as diabetes mellitus, cardiac valve replacement, chronic
obstructive pulmonary disease, immunosuppression, or benign prostatic hyperplasia have been variably
reported to increase the risk of post-TRUBP complications. Higher comorbidity scores have also been
associated with a significantly increased risk of hospitalisation post-biopsy in multiple large
retrospective cohorts [14], [31], [60]. Diabetes and the metabolic syndrome have been reported to be
associated with both increased risk of infectious complications, and carriage of resistant organisms [15],
[31], [61], [62], [63]. However, on meta-analysis of available risk factors, diabetes (OR 1.37; 95% CI
0.77–2.46; n=1,140) was not significantly associated with fluoroquinolone-resistant colonisation [35].

3.2.1.7 Compliance

Non-compliance is difficult to reliably assess but may contribute to complication rates in populations
with a relatively low baseline prevalence of fluoroquinolone resistance. For instance, Suwantarat and
colleagues reported a 43% post-TRUBP infection rate in patients not presenting for rectal swab and thus
assigned to empiric prophylaxis, despite an underlying prevalence of fluoroquinolone resistance of 16%
[64]. Of greater concern, the compliance of the treating urologist to best practice guidelines can
influence sepsis outcomes, with Womble and colleagues reporting that patients on non-compliant
regimens were more likely to be hospitalised following TRUBP (3.8 vs. 0.89%) [24]. These findings were
supported by a large multicenter study by Bruyere and colleagues reported noncompliance with antibiotic
prophylaxis guidelines to be a risk factor for post-TRUBP sepsis (OR 2.3, 95% CI 1.4–3.9) [45].
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3.2.2 Surgeon related

3.2.2.1 Mode of biopsy

Transperineal biopsy is an alternative method of sampling providing transcutaneous access to the
prostate. Prostate cancer detection rates have been reported to be similar, though some investigators
contend that the transperineal approach can better detect anteriorly sited tumours [65], [66].
Transperineal sampling allows thorough skin preparation in line with typical surgical procedures, and
prophylactic antibiotics (eg cephazolin) are targeted to skin flora and common urinary pathogens [67],
[68]. As transperineal biopsies avoid the rectum, this approach has traditionally been thought to have
lower rates of infection than the ‘transfaecal’ route of TRUBP. Transperineal biopsy has been classified
as a ‘clean-contaminated’ procedure in the EAU guidelines, however it could even be argued that it is
‘clean’ as there is often no breach of urinary tract mucosa using this approach [10]. This benefit is less
clear in practice, and studies with direct comparison of morbidity between transrectal and transperineal
biopsy are lacking.

Recent large prospective investigations have sepsis rates approaching zero for transperineal biopsy. In
a prospective study of 2,086 patients from Japan no patient required additional therapy for infectious
complications; and another prospective report from China, one patient out of 3,007 developed urosepsis
post biopsy [69], [70]. No cases of urosepsis were seen in a prospective series of 3,000 patients from
Italy [71].

Transperineal biopsy has clear benefits in decreasing infection related morbidity, but is not without
drawbacks. It is logistically more involved and time-consuming, requiring admission to hospital, an
operating theatre, and usually general anaesthesia. Transperineal biopsy is also associated with higher
rates of post-procedure urinary retention [5].

Table 3: Comparing TRUS and transperineal prostate biopsy approach summary (adapted from Bennett
et al. [5])

  TRUS biopsy Transperineal biopsy

Complication  Standardised prevalence
(95% CI)

Standardised prevalence
(95% CI)

Acute Urinary Retention Total 0.9% (0–3.6) 4.2% (0.2–12.9)

 Asia 1.2% (0.2–6.8) 1.78% (0–7.5)

 Europe 0.5% (0.4–4.0) 2.6% (0–11.3)

 North America 0.2% (0.1–6.8) 6.2% (0.1–25.6)

Hospitalisation Total 1.1% (0–3.9) 0.9% (0–3.4)

 Asia 2.2% (0–7.7) 0.6% (0.1–1.4)

 Europe 0.9% (0.1–4.7) 1.0% (0.1–5.0)

 North America 0.8% (0.2–1.7) 1.0% (0.2–2.1)

Sepsis Total 0.8% (0–3.0) 0.1% (0–0.2)

 Asia 1.0% (0.3–2.0) 0.0% (0–0.5)

 Europe 0.7% (0–2.9) 0.1% (0.1–0.5)

 North America 0.8% (0.4–5.7) 0.2% (0.1–0.7)
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3.2.2.2 Number of cores

The extent of sampling has also been a target for risk reduction. An ‘extended’ biopsy strategy of 12–18
cores is currently recommended to optimise cancer detection, and does not increase complications
compared to sextant biopsy [72], [73]. Biopsies of >18 cores do however have a poor side-effect profile
and so called ‘saturation’ biopsies (>20 cores including transition zone) are rarely indicated [72], [74].
18-gauge needles are the most widely used for sampling, and produce similar specimen quality to 16-
and 14-gauge needles with low morbidity [75]. Local anaesthetic administration has also not been
associated with increased infectious complications [45].

3.2.2.3 Previous biopsies

Repeat biopsies are indicated in men with persistent suspicion of prostate cancer according to elevated
PSA, abnormal DRE or suspicious appearance on imaging [76]. Reports regarding the association
between repeat biopsies and an increased risk of infectious complications compared with initial biopsies
are mixed [45], [77], [78]. Repeat biopsies are an integral part of active surveillance, a practice
commonly used in low grade low volume prostate cancer [76]. Any potential risk is concerning in this
context, with a retrospective analysis reported increased odds of an infection (OR 1.33, 95%CI 1.01–
1.74) for every previous biopsy in 591 consecutive men undergoing TRUBP [78].

Repeat biopsy has been reported to be a risk factor for colonisation with resistant E. coli strains [79],
with a progressive increase reported for each biopsy undertaken, specifically a 22.8% baseline
resistance, not associated with biopsy history, while for men with initially fluoroquinolone sensitive
swabs, a progressive increase in prevalence of 10.6% was observed at each of second and third
biopsies [42]. Meta-analysis of available data (OR 0.92; 95% CI 0.68–1.25; n=1,615) did not support this
association [35].

Table 4 presents a risk assessment questionnaire, based on available data, to aide clinicians in
assessing for fluoroquinolone resistance and subsequent risk of post-TRUBP complication.

Table 4: TRUBP risk assessment questionnaire (adapted from Losco et al. [56])

Rectal flora antimicrobial
resistance

Recent or recurrent urogenital infection?

Antibiotic use (especially fluoroquinolone)?

Recent hospital admission?

Occupation as healthcare worker?

Recent international travel (especially South-east Asia or South
America)?

Bacteriuria
Pre-biopsy urine culture indicated?

Indwelling catheter in situ?

Co-morbidities

Diabetes mellitus?

Cardiac valve disease/replacement?

Chronic obstructive pulmonary disease?

Benign prostatic hyperplasia?

Other immunosuppressive disorder or treatment?

Previous biopsy Previous biopsy? How many?
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3.3 Prevention strategies

3.3.1 Antimicrobial prophylaxis – empiric versus culture-directed (targeted)

An evolving body of evidence supports either an expanded antibiotic protocol or one targeted to rectal
cultures. Expanded antibiotic protocols can consist of either a broad spectrum antibiotic or the use of
multiple antibiotics. While initial studies cultured isolates on non-selective agar, most studies perform
selective culturing on fluoroquinolone-impregnated MacConkey agar plates [80]. The fluoroquinolone
concentrations can vary between 1 mg/L and 10 mg/L, often corresponding with pathogen minimum
inhibitory concentration (MIC) estimates [35].

Targeted prophylaxis aims to remove antimicrobial resistance as a contributor to post-TRUBP infection.
To date, five North American studies have prospectively used this principle of targeted therapy to
reduce TRUBP-associated infections [64], [81], [82], [83], [84]. In the absence of high quality
randomised data, these matched results were combined using meta-analysis (n=2,302). Patients using
empirical prophylaxis demonstrated higher (3.1%, 95% CI 2.1–4.1%) infection rates than those using
targeted methods (0.6%, 95% CI 0–1.5%). These updated estimates are similar to those calculated by
Roberts and colleagues using unmatched cohorts (n=2,786), which were 3.3% (95% CI 2.6–4.2%) and
0.3% (95% CI 0–0.9%) respectively [35]. When stratified according to fluoroquinolone resistance status
(resistant versus sensitive), the greatest risk difference was observed for empiric prophylaxis (7.8%,
95%CI 3.7–12.0%) compared with targeted prophylaxis (1.6%, 95%CI –0.8–4.0%). When applied to
patients with fluoroquinolone sensitive rectal cultures, either passively using empiric broad-spectrum
prophylaxis or actively using targeted prophylaxis, this equated to a number needed to treat (NNT) of 13
(95%CI 9–28). In contrast, Liss and colleagues analysed a multicenter retrospective database of over
5,000 patients in which 34% received targeted prophylaxis, and observed no difference in complications
between targeted and empiric prophylaxis groups [34].

A major criticism of targeted prophylaxis is the unknown cost-benefit estimates, incorporating the extra
resources required for this prophylaxis method. Taylor and colleagues estimated that targeted
prophylaxis resulted in a cost saving of US$4,499 per TRUBP infectious complication averted [81].
Similarly, Duplessis and colleagues reported the cost of rectal culturing of US$350 per 100 patients
(US$2.10 per culture) was less than the ~US$15,000 per 100 patients in the historical control group [82].
Suwantarat reported an estimated overall cost of US$30 per culture.

In addition to potentially reducing complication rates, targeted prophylaxis also serves to facilitate
antimicrobial stewardship, as supported by Liss and colleagues [34]. Limiting absolute targeted therapy
to narrow spectrum agents is prostatic tissue penetration, which is highest for fluoroquinolones [3],
trimethoprim [85] and fosfomycin trometamol [86]. Thus, targeted methods may help to reduce the
burden of TRUBP on antimicrobial resistance.

3.3.2 Decontamination

While post-TRUBP complications persist in the face of spreading antimicrobial resistance as well as
infection despite adequate antimicrobial prophylaxis, adjunct strategies of ‘decontamination’ prior to
biopsy warrant consideration. Strategies including bowel preparation and disinfection of the rectal
mucosa are aimed at reducing the bacterial load involved in the inherently ‘dirty-to-clean’ passage of the
TRUBP biopsy needle. Decontamination strategies for TRUBP biopsy are inconsistently practiced and
reported less compared to antimicrobial-related studies [12], [87].

3.3.2.1 Rectal disinfection

With any transcutaneous intervention, from phlebotomy to major surgery, preparation and disinfection of
the skin prior to incision is a worldwide standard of care. The skin preparation agent Povidone-iodine
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rectal preparation (PIRP) is simple and affordable, not associated with selection of resistant bacteria,
and proven safe for colorectal surgery [88]. From seven controlled trials, including 2,049 patients, of
rectal disinfection using PIRP prior to TRUBP, significant reductions in fever, bacteriuria and
bacteraemia (RR 0.31; 95% CI 0.21–0.45) regardless of prophylaxis used have been reported. PIRP was
shown to be superior to antimicrobials in preventing bacteraemia (RR 0.38; 95% CI 0.16–0.90), while a
combination of PIRP and antibiotics reduced fever (RR 0.11; 95% CI 0.02–0.85) and bacteraemia (RR
0.25; 95% CI 0.08–0.75) [89]. Outside of this meta-analysis, PIRP has been reported to significantly
reduce TRUBP-associated infections (0 vs. 1.8%) and colony counts determined by rectal swab culture
(by up to 97%) [90]. However, a randomised controlled trial of prophylactic povidone-iodine use
demonstrated insignificantly reduced complication rates (2.6%) compared with control (4.5%), in a study
that is likely to have been underpowered [91]. The optimal method of administering PIRP has not been
fully eluciadated but the use of a suppository or gauze soaked in povidone-iodine has been reported to
be superior to a rectal enema [89], [92]. Chlorhexidine as a rectal preparation agent is currently under
investigation [93].

3.3.2.2 Rectal cleansing

Available evidence regarding preparation with a rectal cleansing enema (e.g. Fleet sodium phosphate) is
sparse due to implementation by a minority (18–30%) of urologists [13], [94]. Enema use has been
demonstrated to reduce rates of bacteraemia following TRUBP, with studies including a small RCT
without antibiotic cover and meta-analysis of observational studies where prophylaxis was administered
[95], [96] [97]. Other reports have concluded that enema increases patient discomfort without improving
clinical outcomes [98]. A retrospective study of 1,438 patients found that Fleet enema administration
made no significant difference to the incidence of infection post biopsy [29]. A recent prospective report
has suggested rectal enema is equally as effective as full bowel preparation with polyethylene glycol
[99]. Of note, limited contemporary data is available in the era of increasing resistant bacteria causing
infectious complications.

3.3.2.3 Other approaches

Among novel methods under investigation, needle disinfection prior to each biopsy, using 10% formalin
showed similar TRUBP-associated infection rates (0.3%) in 1,642 patients to a historical comparison
without formalin disinfection (0.8%). Of further interest, growth of fluoroquinolone resistant E. coli
exposed to formalin on MacConkey and blood agars was non-existent, with formalin exposure estimated
to be safe [100].

3.3.3 Biopsy method

3.3.3.1 Transperineal biopsy

Recent reports suggest minimal sepsis rates with the transperineal procedure [2], [68], further supported
by three large cohort studies totaling 8,093 patients with one case of urosepsis reported and recent
meta-analysis estimate of 0.1% [5], [69], [70], [71].

Transperineal sampling has typically been reserved for patients at high risk of sepsis, or for repeat
biopsies, especially those with a previous non-diagnostic TRUBP [2]. Nonetheless, preventing the
translocation of faecal flora is increasingly important in the era of multi-resistant bacteria. From an
antimicrobial stewardship perspective, transperineal biopsy may also avoid selecting for fluoroquinolone-
or multi-resistant bacteria, and in particular stem the increasing reliance on an ever expanding range of
antibiotics for biopsy prophylaxis.
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3.3.3.2 MRI-Guided biopsy

Multi-parametric magnetic resonance imaging (mp-MRI) has emerged in recent years as a valuable tool
in the diagnosis and monitoring of prostate cancer. MRI is used to guide biopsies using ‘cognitive’, ‘in-
bore’, or MRI-ultrasound ‘fusion’ biopsy techniques [101]. Tissue diagnosis with MRI-guided biopsies is
generally via the transrectal route, and preliminary experience suggests that complication rates are
similar to the conventional TRUS approach. Urosepsis rates of 0–2% have been reported with both in-
bore and fusion techniques [101]. Improved localisation with mp-MRI can reduce unnecessary biopsies,
as well as the need for repeat biopsy in patients on active surveillance [101], [102], [103]. The general
availability of MRI remains limited, and approximately 10% of significant lesions are ‘MRI-invisible’, so
systematic cores remain necessary [103]. 

3.4 Management of prostate biopsy related infection

When considering the optimal treatment for a patient with an infectious complication following prostate
biopsy, several factors need to be taken into account. This includes the severity of the clinical
presentation (which may range from relatively mild cystitis or prostatitis to severe sepsis with multi-
organ failure), the likelihood of resistance to empirical antibiotics, the co-morbidities of the host and
whether anatomical complications co-exist (such as prostate abscesses or urinary tract obstruction).
Choosing appropriate initial therapy is critical as these infections can progress quickly and may result in
life-threatening complications. Inadequate or delayed empirical therapy has been associated with excess
mortality in Gram-negative sepsis, especially in the setting of a high background prevalence of ESBL-
producers [104], [105], [106]. Furthermore, inadequate empirical therapy is not uncommon in the setting
of post-TRUBP sepsis, occurring in 36% of patients in one study [28]. The use of rectal culturing prior to
TRUBP may help better inform initial antimicrobial selection and rationalise treatment options.

3.4.1 Initial assessment and risk of infection with a multi-drug resistant (MDR)
organism

Obtaining a detailed history of recent antibiotic use may help assess the risk of resistance and, if
fluoroquinolones have been used for prophylaxis, this class of drug should be avoided for empirical
therapy. As noted previously, a significant risk factor for the likelihood of infection with a multi-drug
resistant pathogen, is recent travel to a country highly endemic for Gram-negative resistance within the
preceding 6 months [107]. The prevalence of resistance mechanisms such as ESBLs or
carbapenemases in Gram-negative uropathogens varies widely across the world, and the situation is
dynamic. In some high-prevalence countries resistance to 3rd generation-cephalosporins (a marker for
ESBL production) in Enterobacteriaceae (such as E. coli or K. pneumoniae) can exceed 50% [32].
Resistance to carbapenems is less common but, driven by the recent emergence and spread of
carbapenemase genes such as NDM, KPC or OXA-types, trends in some countries are alarming [32]. In
Greece, for instance, more than 50% of K. pneumoniae isolates are now resistant to carbapenems
[108], and for many parts of the world, reliable surveillance data are lacking [109].

Carbapenemase-producers tend to also possess numerous other resistance determinants, rendering
them multi-drug resistant (MDR), extensively-drug resistant (XDR) or even pan-drug resistant (PDR)
[110], [111]. Clearly this can dramatically reduce treatment options and makes selecting effective
empirical therapy extremely problematic should these strains become predominant. In some patients,
who are known to be colonised with MDR pathogens, alternatives to TRUBP or avoidance of any
interventional procedure may have to be considered given the risks involved [112].

Risk prediction scores for assessing the likelihood of infections with an ESBL-producing organism in the
context of Gram-negative sepsis have been developed for use in high-prevalence settings.  In an Italian
cohort, a scoring system based on recent hospitalisation, admission from another healthcare facility, a
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Charlson co-morbidity score of ≥4, recent beta-lactam or fluoroquinolone therapy, urinary catheterisation
or age ≥70 years was predictive high risk for ESBL infection [113]. Such scoring systems have worked
well in other settings with minor modifications [114], but require validation in a local context before they
can be reliably implemented. 

3.4.2 Early recognition of infectious complications

It is important for patients undergoing TRUBP to be made aware of the signs and symptoms of infection
should they occur post procedure. Specifically, they should be advised to urgently seek medical
attention if they experience fever, lethargy, difficulty passing urine, perineal pain, testicular swelling or
dysuria. 

The early recognition and effective treatment of sepsis is a key factor in improving patient outcomes,
and management should broadly follow international guidelines, such as the Surviving Sepsis Campaign
[115]. Recently, updated definitions have been developed to aid the early recognition of sepsis [116].
Previous definitions provided limited discrimination between sepsis and other causes of the systemic
inflammatory response syndrome (SIRS). The updated 2016 consensus (“Sepsis-3”) definitions place
emphasis upon the presence of end-organ dysfunction, using the sequential organ dysfunction
assessment (SOFA) score, which can be easily calculated from a variety of clinical and laboratory
values, with a score ≥2 associated with a 10% or greater risk of hospital mortality. A simplified bedside
assessment tool termed quickSOFA (qSOFA) can be used as a rapid screen for sepsis, where at least
2 of the following criteria are present: respiratory rate ≥22/min, altered mentation, or systolic blood
pressure ≤100 mm Hg [116], prompting further assessment and intervention. Within the context of
sepsis, patients with septic shock can be identified by the presence of persistent hypotension requiring
vasopressors to maintain mean arterial pressure ≥65 mm Hg and serum lactate level >2 mmol/L despite
adequate fluid resuscitation. When such parameters are met, in-hospital mortality may exceed 40%
[116].

3.4.3 Empirical therapy for infectious complications

Although Gram-positive organisms such enterococci may be implicated in post biopsy complications,
Gram-negative bacteria such as E. coli are vastly more common and carry a greater risk of severe life-
threatening infection. As such, empirical regimens must have adequate coverage to reflect local
patterns of resistance in this species. Knowledge of the local epidemiology and rates of resistance in
key uropathogens is essential for developing local guidelines for empirical therapy. Most microbiology
laboratories can provide antibiogram data for urinary tract isolates to inform such decisions, or this
information may be available from national surveillance data (e.g. [108]). An advantage for the routine
use of pre-biopsy rectal screening (close to the date of biopsy) is that positive cultures can guide
empirical therapy should infection occur.

Given the difficulty in reliably predicting susceptibility to empirical treatment regimens, it is critical that
appropriate microbiological specimens are collected for culture, including a mid-stream urine and blood
cultures, if the patient is febrile or shows other signs of sepsis. The results of these tests should also be
rapidly available to the treating clinician should they reveal positive cultures. 

In general, given the association with fluoroquinolone prophylaxis and MDR-E. coli infections, patients
presenting with urinary sepsis post-TRUBP will require a broader spectrum of antibiotic coverage than
patients with community-onset infections without prior healthcare exposure [6]. Therapy with agents
such as 3rd generation cephalosporins (e.g. ceftriaxone or ceftazidime), ampicillin, quinolones or
gentamicin may have a high likelihood of resistance in this context, especially in areas with an elevated
prevalence of ESBL-producing E. coli or in patients exposed to such environments through travel. In the
context of relatively low prevalence of resistance, options such as ceftriaxone or ampicillin and
gentamicin may be adequate [117]. In other settings, broader-spectrum empirical options need to be
considered. This could include, but is not limited to, piperacillin-tazobactam, carbapenems (e.g.
ertapenem, imipenem or meropenem) or amikacin (usually in combination with a beta-lactam agent).
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Although aminoglycosides have several advantages for the treatment of urinary sepsis (rapid
bactericidal effect, high concentration in the urine, a post antibiotic effect) toxicity concerns should
generally limit their use for no more than 48 hours until a directed agent can be selected according to
culture results [118].

3.4.4 Directed therapy for MDR Gram negative pathogens

Treatment guidelines for urinary infections often do not adequately address treatment options for MDR
pathogens. Consultation with an infectious disease practitioner or medical microbiologist is
recommended for these difficult-to-treat organisms. Reasons for this might include: the need for
additional antimicrobial susceptibility testing for less common agents, treatment requiring the use of
unfamiliar or potentially toxic agents and, in some circumstances, combination therapy may be
warranted. Some agents that may test susceptible against highly resistant strains, may be ineffective in
the context of urinary infections. For instance, tigecycline may be one of the agents that remains
effective in vitro against XDR isolates, but penetrates poorly into the urinary tract and only achieves
limited serum levels, and may be associated with excess mortality in the treatment of sepsis [119].
Hence, treatment of drug-resistant strains can be a challenge. Various therapeutic options are discussed
below:

3.4.4.1 Carbapenems

For ESBL-producing Enterobacteriaceae, treatment with ampicillin, aztreonam, cephazolin, or third-
generation cephalosporins (such as ceftriaxone or ceftazidime) will generally be ineffective [120]. For
several reasons, carbapenems (such as meropenem, imipenem, doripenem or ertapenem) have been
regarded as the treatment of choice for ESBL-producers [120], [121]. In vitro, carbapenems are
generally stable to the hydrolytic effects of ESBLs [122] and other broad-spectrum beta-lactamases
such as AmpC [123]. They are also less prone to inoculum effects and historically most urinary Gram-
negative isolates have remained susceptible to this class of drug [120]. However, carbapenem
resistance has been increasing in many parts of the world [32].

Observational studies have supported the use of carbapenems for infections caused by ESBL-
producers. Poor outcomes have been demonstrated in bacteraemic patients treated with non-
carbapenems drugs (especially cephalosporins or quinolones) [124], [125], [126], [127]. In a meta-
analysis of studies comparing carbapenems with cephalosporins, quinolones or other alternatives
(except beta-lactam/beta-lactamase inhibitor drugs such as piperacillin-tazobactam), the pooled RR for
mortality when carbapenems were used for definitive therapy was 0.65 (95% CI: 0.47–0.91) and 0.50 for
empirical therapy (95% CI: 0.33–0.77) [127].

Given the rise in carbapenem resistance around the world, it has been increasingly necessary to
consider alternatives to carbapenems, as excess carbapenem use is likely to be a key driver for
resistance. This has given rise to some reconsideration of drugs that were previously considered less
effective, including drugs such as cefepime, beta-lactam/beta-lactamase inhibitor (BLBLI) drugs like
piperacillin-tazobactam and amoxicillin-clavulanate, or older agents such as fosfomycin, pivmecillinam
or temocillin.

3.4.4.2 Cefepime

ESBL-producers may often test resistant to cefepime, but not invariably; for ‘susceptible’ isolates there
is some uncertainty as to whether cefepime remains an effective option. It is not stable to the hydrolytic
activity of ESBLs and is subject to inoculum effects in vitro [128] – whereby the MIC significantly
increases in the presence of a heavy bacterial load. A retrospective study found the use of cefepime
compared to carbapenems to treat bacteraemia caused by ESBL-producers was independently
associated with increased 30-day mortality on multivariate analysis (OR 9.9; 95% CI 2.8–31.9) [129].

Bennett, HY (et al.). Prostate biopsy related infection – Risk factors, prevention strategies and
management approaches

Urogenital Infections and Inflammations 13 / 30



However, some authors have suggested that if the organism MIC is low (e.g. ≤1 mg/L by European
Committee on Antimicrobial Susceptibility Testing standards cefepime may remain effective, but higher
or more frequent dosing may be necessary if the MIC falls in a higher range but below the breakpoint for
resistance (e.g. MIC range 2–4 mg/L) [130]. In general, cefepime should probably be reserved as a
treatment option against ESBL-producers only in specific circumstances, under specialist advice and
when other options are unavailable. In contrast, cefepime remains stable to other broad-spectrum beta-
lactamases such as AmpC – a chromosomally encoded and inducible enzyme found in some species
such as Enterobacter cloacae or Citrobacter freundii [123]. Some observational studies suggest that
cefepime remains an effective treatment for AmpC-producers [131], [132]. In a meta-analysis of 8
observational studies comparing mortality following the use of cefepime or carbapenems for the
treatment of bloodstream infection caused by AmpC-producers such as Enterobacter spp., there was no
significant difference in outcome (OR 0.61; 95% CI 0.27–1.38), even after adjustment for potential
confounders (adjusted OR 0.59; 95% CI 0.14–2.52) [133]. Patients with bloodstream infections caused
by Enterobacter spp. with MICs in the range of 4–8 mg/L (the new ‘susceptible dose dependent’ [SDD]
category defined by the Clinical and Laboratory Standards Institute), experienced worse outcome in one
study [134]. Some concerns over the efficacy of cefepime for the treatment of sepsis arose following
meta-analyses that suggested cefepime may be associated with a small but significantly increased risk
of death (RR 1.26; 95% CI 1.08–1.49) [135], although a larger analysis by the FDA, including patient-
level data, found no statistically significant increased risk of mortality [136]. These findings are
complicated by the fact that the original dosing regimens for cefepime may have been set too low or
infrequently (e.g. 1 g 12-hourly), whereas higher dosing (e.g. 2 g 8-hourly) may be necessary to achieve
adequate pharmacokinetic-pharmacodynamic targets, especially in severe infections with organisms
showing elevated MICs [137].

3.4.4.3 Beta-lactam/beta-lactamase inhibitors (BLBLIs)

By definition, ESBL enzymes are inhibited in vitro by beta-lactamase inhibitors such as clavulanate or
tazobactam.  Although susceptibility to BLBLIs may vary considerably across the world and by species
(ESBL-E. coli are generally more likely to be susceptible to piperacillin-tazobactam than ESBL-K.
pneumoniae), a significant proportion of ESBL-producers remain susceptible to piperacillin-tazobactam,
or even amoxicillin-clavulanate [138]. However, until recent years, there were limited clinical data to
support their use as therapy against ESBL-producers.

Concerns over inoculum effects in infections with a high bacterial burden [139], the presence of multiple
beta-lactamases that may not be well inhibited by the inhibitor component [140] and some animal model
data suggesting worse outcomes when compared with carbapenems, especially with ‘high inoculum’
infections [141] limited enthusiasm for their clinical use.  In recent years this concept has been
questioned in light of some observational studies that suggest that BLBLIs may be non-inferior to
carbapenems for treating ESBL-producers, and may reduce the risk of subsequent colonisation or
infection with other MDR pathogens [138], [142], [143], [144]. A meta-analysis of 21 observational
studies reporting mortality outcome for patients with bacteraemia caused by ESBL-producers
demonstrated that non-inferior outcomes were seen with patients treated with BLBLIs compared with
carbapenems either for empirical (RR 0.91; 95% CI 0.66–1.25) or definitive (RR 0.52; 95% CI 0.23–1.13)
therapy [127]. This meta-analysis used crude mortality, unadjusted for co-morbidity, which will tend to
bias against carbapenems – which may be given in ‘sicker’ patients. A recent well-designed
observational study, which adjusted for the propensity to prescribe carbapenems, suggested that
empirical piperacillin-tazobactam may be associated with increased mortality when used for treating
bacteraemia caused by ESBL-producers [145]. However, in the largest international observational cohort
of patients with bacteraemia caused by ESBL-producers, BLBLIs demonstrated equivalent efficacy to
carbapenems when used either for empirical or directed therapy [146]. These discrepant findings reflect
the difficulties in drawing conclusions from observational studies. It is worth noting that no randomised
controlled trials have yet been reported that directly compare carbapenems with alternatives for ESBL-
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infections, although such studies are being undertaken [147], [148]. In the meantime, piperacillin-
tazobactam is likely to be a reasonable carbapenem-sparing option for treating ESBL-producers that test
susceptible in vitro, especially from a urinary tract source in a patient without features of septic shock or
multi-organ dysfunction.

3.4.4.4 Fosfomycin

Fosfomycin has been used for many years as an effective single dose therapy for uncomplicated UTI,
and is now part of international guidelines for this indication [149]. In recent years, it has been re-
evaluated as a useful therapy for infections caused by ESBL or AmpC-producing Enterobacteriaceae.
Probably because it has not been widely used, resistance rates tend to be low, even amongst MDR
strains [150], [151]. It has shown broadly similar efficacy in comparison to carbapenems for patients
with lower tract infections caused by ESBL-producers, including for patients with complicating factors
such as catheterisation or recent prostate surgery [152]. Although published experience with using
fosfomycin for treating infections post TRUBP are sparse, it is notable that fosfomycin appears to
achieve adequate prostate tissue levels and may be an option for prophylaxis in patients known to be
colonised with MDR Gram-negative pathogens [86], [153]. However, as uncertainty exists over the
ability of the drug to adequately penetrate renal tissue, guidelines have suggested alternatives to oral
fosfomycin for the treatment of pyelonephritis [154]. While fosfomycin is usually available orally, but
intravenous formulations do exist which may be difficult to access in some countries. When treating
serious MDR infections with few other treatment options, intravenous fosfomycin may be an effective
option. It has been reported to have successfully treated a complex MDR-E. coli infection post TRUBP
with prostatic and metastatic multifocal abscesses [20]. There are also case reports of successful
therapy for prostatitis [155].

3.4.4.5 (Piv)mecillinam

Mecillinam is an aminidopenicillin with a broad range of activity against Gram-negative pathogens. 
However, given its poor oral bioavailability, the pro-drug pivmecillinam is used. It is now recommended
in the IDSA guidelines for the treatment of uncomplicated UTI in women [149], although there are some
concerns for its efficacy in more complex urinary infections.

It has the advantage of stability to ESBL and AmpC enzymes and retains good activity against most
ESBL-producing E. coli [156]. It is another ‘rediscovered’ antibiotic that has been available for use in
Europe for many years, but is not widely employed or licensed elsewhere. In vitro, at least, it appeared
effective against ESBL-producing E. coli, especially when combined with the beta-lactamase inhibitor
clavulanate [157]. There are no published data with respect to pivmecillinam treatment for men with
infections post-TRUBP. As such, more established options should be considered first. However, it does
appear to penetrate well into prostate tissue [158], and may have equivalent efficacy to co-trimoxazole
for prophylaxis in prostate surgery [158]. A combination of pivmecillinam with amoxicillin/clavulanate
was as effective as ciprofloxacin for prophylaxis prior to TURP, and was associated with a reduction in
the prevalence of ESBL-producing Enterobacteriaceae [159].

3.4.4.6 Nitroxiline

Nitroxiline is a 5-nitro-8-hydroxyquinoline drug that has been available for many years, but is not widely
used outside some countries in Europe. Perhaps as a result, there is limited or no resistance to this
drug in organisms like E. coli, although it has no significant activity against Pseudomonas spp. It has
been effectively in the treatment of uncomplicated UTI since the 1960s and a meta-analysis of
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published studies including more than 10,000 patients concluded that it was non-inferior to norfloxacin or
co-trimoxazole for eradication of bacteriuria and was well tolerated [160]. Whether it has a role in the
treatment of MDR-infections related to TRUBP is not known, but such agents may deserve re-evaluation
in this context.

3.4.4.7 Temocillin

Temocillin, a derivative of ticarcillin, has received renewed interest in recent years. It has been approved
for the treatment of urinary infections in the UK and Belgium for some time, but is not widely used
elsewhere. It shows stability to a range of ESBL and AmpC beta-lactamases, and even retains some
activity against carbapenem-resistant KPC-producers [161], although it is inactive against
Pseudomonas spp. In a study of 92 adults with mainly urinary or bloodstream infections caused by
ESBL or AmpC-producers treated with temocillin, good clinical cure rates were observed [162]. It has
even been used in addition to ciprofloxacin for routine prophylaxis prior to TRUBP in patients at high risk
of colonisation with resistant E. coli strains [163].

3.4.5 New BLBLI drugs for MDR pathogens

In recent years there has been a renewed interest in developing novel beta-lactam/beta-lactamase
inhibitor combinations [164]. Although several such compounds are in development, two new agents
have recently become available for clinical use with activity against resistant Gram-negative
uropathogens.

3.4.5.1 Ceftazidime/avibactam

Avibactam is a novel beta-lactamase inhibitor that has activity against ESBLs, AmpC enzymes, KPC
and some OXA-type carbapenemases, although is not effective against metallo-beta-lactamases such
as NDM, VIM or IMP [165]. Avibactam tends to restore the restore the activity of ceftazidime, reducing
the MIC by 128-fold, usually to below clinical breakpoint against KPC [166], ESBL-producing
Enterobacteriaceae [167] and AmpC-hyperproducing P. aeruginosa [168].

Several microbiological surveys have demonstrated good in vitro activity against collections of Gram
negative organisms from the US, including MDR strains [169], [170], although it has limited activity
against MDR Acinetobacter baumanii [168], [169]. It has recently been granted accelerated FDA
approval in combination ceftazidime for the treatment of complicated UTI and abdominal infections, on
the basis of Phase II trials, interim results from phase III trials and long-term safety data from
ceftazidime [171]. It is interesting to note that a subset of patients with moderate baseline renal
impairment experienced lower clinical cure rates, which may reflect under-dosing in patients whose renal
function improved without a concomitant adjustment in the dose of ceftazidime/avibactam [171].
Although ceftazidime-avibactam is a promising agent, given the relatively limited clinical data available,
it should be reserved for circumstances were no alternative effective options are available.

3.4.5.2 Ceftolozane/tazobactam

Ceftolozane is a novel cephalosporin with excellent activity against P. aeruginosa [172]. It can be
inactivated by ESBLs, so is formulated with the inhibitor tazobactam. Ceftolozane/tazobactam shows
good in vitro activity against a range of Gram-negative organisms, including MDR strains such as ESBL-
producing Enterobacteriaceae and carbapenem-resistant P. aeruginosa [169], [173], [174]. It was
granted FDA approval for the treatment of complicated UTI and intra-abdominal infections in December
2014. In a phase III randomised double-blind trial comparing ceftolozane/tazobactam with levofloxacin
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for the treatment of complicated UTI (the ASPECT-cUTI study), ceftolozane-tazobactam was non-
inferior to levofloxacin for an endpoint of clinical cure (76.9% vs. 68.4%, 95% CI 2.3–14.6); indeed, the
outcome data suggested superiority over levofloxacin, probably reflecting high rates of resistance to
levofloxacin at baseline [175].

4 Management summary

Table 5: Options for definitive therapy (i.e. once susceptibility results are known)

Indication
IV therapy options for sepsis/
bacteraemia if susceptible in
vitro

Oral therapy
options1 if
susceptible in vitro

Remarks

Enterobacteriaceae –
non-MDR strains

Ampicillin2
Gentamicin
Cephazolin
Ceftriaxone

Amoxicillin +/
clavulanate
Cephalexin
Co-trimoxazole
or trimethoprim
Fluoroquinolone

Use narrowest
spectrum
according to
susceptibility
results. Generally
gentamicin should
only be given for
<48 h

ESBL-producing
Enterobacteriaceae

Carbapenems
Piperacillin-tazobactam3
Aminoglycoside (may be
susceptible to amikacin,
but usually gentamicin
resistant)

Fosfomycin
Temocillin
Pivmecillinam
Amoxicillin-
clavulanate3
Nitroxiline (Co-
trimoxazole or
Fluoroquinolone
but often
resistant) If piperacillin-

tazobactam is
used should be
dosed maximally
(e.g. 4.5 g 6-
hourly).

Generally
aminoglycosides
should only be
given for <48 h
and not used as
monotherapy.

Cefepime should
be dosed at
2 g Q8 h if normal
renal function

AmpC-producing
Enterobacteriaceae
(e.g. Enterobacter
cloacae/aerogenes,
Citrobacter freundii,
Serratia marcescens,
Morganella morganii)

Carbapenems
Cefepime
Piperacillin-tazobactam
(if susceptible, but
resistance can develop
in complex infections)
Aminoglycosides

Co-trimoxazole
or trimethoprim
Fluoroquinolone
Fosfomycin
Temocillin

Pseudomonas
aeruginosa

Piperacillin-tazobactam
Ceftazidime
Cefepime

       (All +/– aminoglycoside)

Fluoroquinolone
(only oral agent
active against
Pseudomonas
spp.)
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Carbapenem-resistant/
XDR organisms

Ceftazidime/avibactam:
(for KPC, some OXA-
type carbapenemase;
not NDM or IMP types)
Ceftolozane/tazobactam:
often effective for MDR-
Pseudomonas spp.
Combination therapy:
e.g. carbapenem +
polymixin
(or aminoglycoside, e.g.
amikacin); dual
carbapenems

Usually very
few oral options
available
Fosfomycin
may be
effective

Seek specialist
advice;
carbapenems may
still be used if
dosed to maximise
exposure (e.g.
extended
infusions) with
reference to the
MIC, or used in
combination

1 Consider IV to oral switch once patient is afebrile, with resolved clinical signs of sepsis, tolerating
oral intake, gastrointestinal absorption is not compromised and source control has been achieved;
longer IV duration may be required if positive blood cultures or other complications (e.g. undrained
abscess). Total duration is typically 7–14 days.
2 Note >50% of E. coli and all K. pneumoniae are resistant to ampicillin.
3 If susceptible in vitro: use against ESBL-producers is controversial, specialist advice is
recommended.

Indication
IV therapy options for sepsis/
bacteraemia if susceptible in
vitro

Oral therapy
options1 if
susceptible in vitro

Remarks

5 Further research

With decreasing effectiveness of antibiotic prophylaxis and increasing requirement for broad spectrum
agents, further research is required into adjunct methods to prevent TRUBP-related complications.
Currently, one randomised trial assessing targeted versus empiric antimicrobial prophylaxis is underway
(ClinicalTrials.gov identifier NCT01659866), while the efficacy of PIRP is also being assessed in a
randomised setting (NCT02245334; WHO ICTRP CTRI/2016/04/006843). Registered trials to assess the
prevalence of fluoroquinolone resistance (NCT02140502, NCT00915213) as well as complications
reported from comparisons between MRI-guided biopsy versus TRUS/transperineal biopsy, will be
valuable additions to this literature.

While randomised comparisons between complications observed from TRUS and transperineal biopsy
approaches are sparsely published yet desirable, it is likely that a large study population derived from
multiple centres would be required to obtain statistical power. Underlying this may be attitudes and
concerns from clinicians regarding randomisation, in that some who are advocates for either approach
would be personally and ethically opposed to an inferior modality for their patients.

Prevention and reduction of TRUBP-related infections requires collaboration between colleagues in the
fields of urology, infectious diseases and microbiology to determine the optimal prophylactic regimen,
taking into account local resistance patterns and patient demographics. Future research areas in
identifying the optimal solution relate to the role of targeted prophylaxis using selective rectal cultures
and/or analysis of patient risk factors.
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6 Conclusions

Despite heterogeneous reporting, infectious complications following prostate biopsy appear to be
increasing due to fluoroquinolone resistance. Preventing TRUBP-related infections therefore requires
collaboration between colleagues in the fields of urology and infectious diseases to determine the
optimal prophylactic regimen, taking into account local resistance patterns and patient demographics.
Nonetheless, it is clear with the decreasing effectiveness of prophylaxis and increasing use of broad
spectrum agents that we require a new approach to minimising the harm of post biopsy complications.
Effective preventative strategies are available, including targeted prophylaxis, extended antibiotic
regimes, and alternative sampling methods, though the cost effectiveness of these strategies is yet to
be elucidated. Randomised evidence is desired to establish these adjunctive tools to improve patient
outcomes. In the meantime, our review supports the specific screening for risk factors predictive of post
biopsy infection, to aid in the selection of patients for these preventative strategies.
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