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Introduction: There is still an ongoing debate whether a transrectal ultrasound (TRUS)

approach for prostate biopsies is associated with higher (infectious) complications rates

compared to transperineal biopsies. This is especially of great interests in settings with

elevated frequencies of multidrug resistant organisms (MDRO).

Materials and Methods: Between 01/2018 and 05/2019 230 patients underwent

a TRUS-guided prostate biopsy at the department of Urology at University Hospital

Frankfurt. Patients were followed up within the clinical routine that was not conducted

earlier than 6 weeks after the biopsy. Among 230 biopsies, 180 patients took part in the

follow-up. No patients were excluded. Patients were analyzed retrospectively regarding

complications, infections and underlying infectious agents or needed interventions.

Results: Of all patients with follow up, 84 patients underwent a systematic biopsy

(SB) and 96 a targeted biopsy (TB) after MRI of the prostate with additional SB.

74.8% of the patients were biopsy-naïve. The most frequent objective complications

(classified by Clavien-Dindo) lasting longer than one day after biopsy were hematuria

(17.9%, n = 32), hematospermia (13.9%, n = 25), rectal bleeding (2.8%, n = 5),

and pain (2.2%, n = 4). Besides a known high MDRO prevalence in the Rhine-Main

region, only one patient (0.6%) developed fever after biopsy. One patient each (0.6%)

consulted a physician due to urinary retention, rectal bleeding or gross hematuria.

There were no significant differences in complications seen between SB and SB + TB

patients. The rate of patients who consulted a physician was significantly higher

for patients with one or more prior biopsies compared to biopsy-naïve patients.
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Conclusion: Complications after transrectal prostate biopsies are rare and often

self-limiting. Infections were seen in <1% of all patients, regardless of an elevated local

prevalence of MDROs. Severe complications (Clavien-Dindo ≥ IIIa) were only seen in

3 (1.7%) of the patients. Repeated biopsy is associated with higher complication rates

in general.

Keywords: transrectal prostate biopsy, complications, systematic biopsy, targeted biopsy, infection, biopsy naïve,

repeat biopsy

INTRODUCTION

Prostate cancer is still the most common cancer in men (1).
It leads to the second most common cancer specific death in
the United States and the third most in Europe (2, 3). To
initiate a (curative) therapy, a histological cancer confirmation
is needed. The gold standard of prostate cancer detection is
a transrectal ultrasound (TRUS) guided biopsy (4). For TRUS
guided prostate biopsy, a transrectal or transperineal approach
is possible. Even though the cancer detection rates of both
approaches are comparable, there is still an ongoing debate if
a transrectal approach should be used in daily practice due to
complication rates (5).

By the use of transrectal biopsy of the prostate, there is no
need for general anesthesia, and it can be performed easily in
an outpatient setting under antibiotic prophylaxis. On the other
hand, transrectal biopsies can occur with rectal injuries and are
suspected to go along higher infectious complications (6, 7).

Furthermore, with the implementation of the multiparametric
MRI of the prostate (mpMRI) in daily usage for prostate cancer
detection, the settings of prostate biopsies have changed. Recent
studies have shown that the MRI targeted biopsy (TB) improves
the detection rates for significant prostate cancer (≥ ISUP grade
2) compared to systematic biopsy (SB) (8, 9). Additionally, EAU
Guidelines give a weak recommendation for a performance of
mpMRI in biopsy naïve patients and strongly recommend a
mpMRI for repeat biopsies (4). In most cases, SB is added to a TB,
which has shown an increase in the numbers of cancer detection
rates (10–12). This leads to an increased number of biopsy cores
and also may increase the risk of complications of the biopsy.

As a consequence of developing antibiotic resistances in
hospitals, complications after prostate biopsies are increasing
(13). In both known approaches, haematuria, haematospermia,
urinary retention, rectal bleeding, or prostatitis are the most
common known complications (4, 14).

The objective of the present study was to analysis the
complication rates of TRUS guided transrectal prostate biopsy
and its correlation to the performance of SB alone or the
combination of TB and SB. All biopsies have been performed
in a tertiary care hospital located in a region with elevated
prevalence of MDROs [e.g., vancomycin-resistant enterococci
(VRE), methicillin-resistant Staphylococcus aureus (MRSA) and
multidrug resistant gram negative bacteria (MDRGN)] with
up to >90% resistance rates for penicillins, cephalosporins or
flourquinolones in typical intestinal flora bacteria (unpublished
data) (15–17). We assume that the combination of TB with SB
yields to same incidence of complications rates than SB alone.

MATERIALS AND METHODS

Study Population
After approval of the ethic committee, all 230 patients who
underwent a TRUS guided transrectal biopsy of the prostate from
01/2018 to 05/2019 at the Department of Urology, University
Hospital Frankfurt, Germany, were identified. Indications for
performing a prostate biopsy were clinical parameters such as
a suspicious digital rectal examination (DRE) or suspicious
elevated PSA-levels. Moreover, patients with lesions ≥ PIRADS
3 in the inhouse or external mpMRT were recommended to
undergo a prostate biopsy and included in this evaluation. All
data were collected retrospectively.

Antibiotic Prophylaxis Prior the Biopsy
All biopsies were taken under oral antibiotic prophylaxis with
flourquinolones (levofloxacine 500mg) in consistence with the
EAU guidelines (4). The first dose was taken 1 day prior to biopsy
and the second dose on the morning of the biopsy. The antibiotic
prophylaxis was continued for 1–3 days after biopsy. Rectal swab
culture or targeted antibiotic therapy was not performed as a
standard prior to the biopsies.

Biopsy Approach and Number of Cores
A transrectal approach by the use of local anesthesia was
performed in all prostate biopsies. For local anesthesia, 10ml
bupivacaine was injected TRUS-guided as a periprostatic block
on both sides (4, 18). For SB, 12-core biopsies were taken with 6
cores with a length of 15–22mm from each prostate lobe. For
TB, a high-end ultrasound machine HiVison (Hitachi Medical
Systems) was used. Aminimum of two cores, also with a length of
15–22mm, was taken from eachMRI-targeted lesion (≥ PIRADS
3). Additionally to the TB, SB was performed afterwards in the
same biopsy session. Consequently, for TB and SB as a whole, a
minimum of 14 cores were taken.

Statistical Analysis
Within our clinical follow-up in the course of a standardized
survey, complication rates were collected 6 weeks after the
transrectal prostate biopsy at the earliest. Also, patients’ baseline

characteristics were collected from the specific patients’ hospital
files. The descriptive analysis contains proportions, frequencies,
medians and interquartile ranges for category variables and was
evaluated with the Mann-Whitney U-Test.

For the evaluation of statistical significance to a level of α

= 5%, the Chi-square Test was used. Specifically, significant
differences of complication rates after transrectal prostate
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biopsies between SB against TB + SB were tested. Additionally,
biopsy-naïve patients against repeat biopsies were investigated
for significant differences in complication rates. Furthermore,
risk stratifications for the occurrence of complications were done.

For statistical analysis, the software R statistics (version 3.4.4)
was used.

RESULTS

Among the 230 patients, 180 (78.3%) took part in the clinical
follow up (Table 1). Of these 180 patients, 84 underwent a SB
alone, and 96 underwent a TB + SB after the prior MRI of
the prostate.

The median age of the patients was 66 years. The overall
median PSA-level was 7.8 ng/ml [interquartile range (IQR) 5.3–
14.7]. While the median PSA-level in the SB group was 10 ng/ml
(IQR 6.2–46.5). the median PSA-level was 6.9 ng/ml (IQR 4.8–
10.4) (p < 0.01) in the SB+ TB group.

One hundred seventy-two men (74.8%) were biopsy-naïve,
41 (17.8%) had one and 15 (6.5%) had two or more prior
prostate biopsies done (2 patients with unknown prior biopsies,
0.9%). The median prostate volume was 45 ccm (IQR 35–64.5),
measured through transrectal ultrasound. For patients within the
SB cohort, the median number of cores which were taken was

TABLE 1 | Baseline characteristics for patients with transrectal prostate biopsy at

University Hospital Frankfurt between 01/2018 and 05/2019 stratified for SB and

SB + TB.

Variable Overall SB SB + TB p-value

Patients with

transrectal biopsy, n

230 105 125

Patients with clinical

follow up, n (%)

180 (78.3) 84 (80) 96 (76.8)

Age at biopsy,

median (IQR)

66 (61–72) 66 (61–72.2) 66 (59–71) 0.164

PSA (ng/ml), median

(IQR)

7.8 (5.3–14.7) 10 (6.2–46.5) 6.9 (4.8–10.4) 0.178

Prostate volume

(ccm), median (IQR)

45 (35–64.5) 45 (37–70) 40 (35–60) 0.072

DRE suspicous for

PCA, n (%)

69 (30) 37 (35.2) 32 (25.6) 0.149

Previous biopsies,

n (%):

0 172 (74.8) 86 (81.9) 86 (68.8) 0.025

1 41 (17.8) 11 (10.5) 30 (24)

>2 15 (6.5) 6 (5.7) 9 (7.2)

Cores per biopsy,

median (IQR)

14 (12–17) 12 (12–12) 17 (14–20) <0.01

Positive Cores per

biopsy, median (IQR)

3 (1–7) 3 (1–6) 3 (1–7) 0.91

If PCA: ISUP Grade,

n (%):

GG1 19 (8.3) 10 (9.5) 9 (7.2) 0.032

GG2 35 (15.2) 10 (9.5) 25 (20)

GG3 33 (14.3) 11 (10.5) 22 (17.6)

GG4 19 (8.3) 10 (9.5) 9 (7.2)

GG5 39 (17) 25 (23.8) 14 (11.2)

noPCA 85 (37) 39 (37.1) 46 (36.8)

SB, systemic biopsy; TB, targeted biopsy; IQR, interquartile range; PSA, prostate specific

antigen; DRE, digital rectal examination; PCA, Prostate cancer; GG, Grade Group.

12 (IQR 12–12) compared to the SB + TB cohort with a median
number of 17 cores (IQR 14–20) (p < 0.01).

From the 180 patients which took part in our clinical follow-
up, 163 (90.6%) would favor the transrectal approach with
periprostatic anesthesia for their prostate biopsy, if they had to
make the choice again. Twelve (6.7%) patients would choose
another approach or setting for a repeat prostate biopsy and
two (1.1%) patients were undecided. No significant differences
were seen between the SB and SB + TB cohort (91.7 and 89.6%
would choose the transrectal biopsy approach again). 93.4 %
of biopsy-naïve patients would favor transrectal prostate biopsy
again, compared to 81.4% in patients with at least one prior
biopsy (p < 0.05).

One hundred sixty-one patients (89.4%) reported within
the clinical follow-up that they had no subjectively perceived
complaints after the transrectal prostate biopsy (Table 2). No

TABLE 2 | Complications after transrectal prostate biopsy of patients between

01/2018 and 05/2019 stratified for SB and SB + TB.

Variable Overall SB TB + SB p-value

Patients subjectively

reported about

complications after

biopsy, n (%):

No 161 (89.4) 76 (90.5) 85 (88.5) 0.631

Yes 16 (8.9) 6 (7.1) 10 (10.4)

Undecided 3 (1.7) 2 (2.4) 1 (1.1)

Patient would choose

the same approach in

another biopsy, n (%):

Yes 163 (90.6) 77 (91.7) 86 (89.6) 0.947

No 12 (6.7) 5 (6) 7 (7.3)

Undecided 2 (1.1) 1 (1.2) 1 (1)

Unknown 3 (1.7) 1 (1.2) 2 (2.1)

Gross hematuria (in days

after biopsy), n (%)

0–1 148 (82.2) 69 (82.1) 79 (82.3) 0.532

2–5 12 (6.7) 4 (4.8) 8 (8.3) 0

5–10 9 (5) 4 (4.8) 5 (5.2) 0

>14 11 (6.2) 7 (8.4) 4 (4.1) 0

Hematospermia (in days

after biopsy), n (%)

0–1 155 (86.1) 73 (86.9) 82 (85.4) 0.942

>1 25 (13.9) 11 (13.1) 14 (14.6)

Rectal bleeding (in days

after biopsy), n (%)

0–1 175 (97.2) 82 (97.6) 93 (96.9) 0.999

2–3 4 (2.3) 1 (1.2) 3 (3.1) 0.172

>14 1 (0.6) 1 (1.2) (0)

Sacral/gluteal pain, n (%) No 176 (97.8) 84 (100) 92 (95.8) 0.166

Yes 4 (2.2) 0 (0) 4 (4.2)

Fever after biopsy, n (%) 1 (0.6) 1 (1.2) 0 (0) 0.317

Physician consultation

after biopsy? n (%)

No 176 (97.6) 82 (97.6) 94 (97.9) 0.999

Yes 4 (2.4) 2 (2.4) 2 (2.1)

Reason of consultation,

n (%)

Hematuria 1 (0.6) 0 (0) 1 (1) 0.401

Rectal

bleeding

1 (0.6) 0 (0) 1 (1)

Urinary

retention

1 (0.6) 1 (1.2) 0 (0)

Unknown 1 (0.6) 1 (1.2) 0 (0)

SB, systemic biopsy; TB, targeted biopsy.
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significant differences between the SB vs. TB + SB and biopsy-
naïve vs. repeat-biopsy cohorts (90.5 vs. 88.5% and 99 vs. 93.3%)
were seen.

After evaluation of objective complication criteria, the most
frequent complications were hematuria, hematospermia, rectal
bleeding, and discomfort or pain in the sacral/gluteal region. One
hundred forty-eight (82.2%) of the patients reported about no
or 1 day of gross hematuria after biopsy. Thirty-two patients
(17.8%) had gross hematuria longer than 1 day, of which 11
patients (6.2%) had gross hematuria for longer than 14 days. 155
(86.1.%) patients reported about no or only short lasting (up to
1 day) hematospermia. Furthermore, 175 patients (97.2%) had
no or 1 day of rectal bleeding after biopsy. 5 patients (2.8%)
indicated rectal bleeding longer than 1 day after biopsy. For gross
hematuria, hematospermia and rectal bleeding, no significant
differences in the SB vs. TB + SB and biopsy-naïve vs. repeat-
biopsy cohorts were seen. After the biopsy four patients (2.2%)
reported about sacral/gluteal pain.

One patient (0.6%) developed fever after transrectal prostate
biopsy. Four (2.4%) patients consulted a physician after
transrectal prostate biopsy due to complications. Reasons were
necessary bladder irrigation due to hematuria (1 patient; 0.6%,
Clavien-Dindo IIIa), urinary retention (1 patient; 0.6%, Clavien-
Dindo IIIa), rectal bleeding with need of hemostasis (1 patient;
0.6%, Clavien-Dindo IIIb), as well as one unknown reason. The
consultation of a physician was significantly higher in the group
of repeat-biopsies compared to biopsy-naïve patients (p < 0.05)
(Table 3). Severe complications (Clavien-Dindo ≥IIIa) was only
seen in 3 (1.7%) of the patients, without significant differences
between the two compared groups.

DISCUSSION

Transrectal and transperineal approaches are both safe and
commonly used techniques for prostate cancer detection
through prostate biopsy. The debate whether a transrectal
or a transperineal approach should be performed as a gold
standard with special attention to the side effects and economic
reasons is still on (4, 5, 14, 19). To evaluate the risks of
transrectal TRUS-guided prostate biopsy at a university hospital
with high prevalence of multidrug-resistant bacteria/organisms,
complication rates were examined. Also, risk stratification for
SB, TB + SB, biopsy-naïve patients as well as repeat biopsies
were done. For the retrospective analyses, we included all
patients who underwent a transrectal prostate biopsy with
antibiotic prophylaxis of flourquinolones between 01/2018 and
05/2019 at University Hospital Frankfurt until the European
Medicine Agency (EMA) published their recommendation for
the restrictive use of flourquinolones regarding potentially
permanent side effects.

First, the prevention of serious infectious complications is
often seen as an argument for a transperineal approach for
prostate biopsies. Also, an increasing risk for transrectal biopsy-
related complications was described and published recently (6,
7, 13, 20, 21). Rates of fever, prostatitis and epididymitis after
transrectal biopsy are mentioned in the literature with 3.5, 1.0,

TABLE 3 | Complications after transrectal prostate biopsy of patients between

01/2018 and 05/2019 stratified for repeat biopsies and biopsy-naïve patients.

Variable Overall Repeat

biopsy (≥1)

Biopsy-

naive

p-value

Patients subjectively

reported about

complications after

biopsy, n (%):

No 161

(89.4)

36 (83.7) 125

(91.2)

0.622

Yes 16 (8.9) 5 (11.6) 11 (8)

Undecided 3 (1.7) 2 (4.7) 1 (0.8)

Patient would choose

the same approach in

another biopsy, n (%):

Yes 163

(90.6)

35 (81.4) 128

(93.4)

0.005

No 12 (6.7) 5 (11.6) 7 (5.1)

Undecided 2 (1.1) 0 (0) 2 (1.5)

Unknown 3 (1.7) 3 (7) 0 (0)

Gross hematuria (in

days after biopsy), n (%)

0–1 148

(82.2)

38 (88.4) 110

(80.3)

0.326

2–5 12 6.7) 3 (7.0) 9 (6.6)

5–10 9 (5.0) 1 (2.3) 8 (5.8)

>14 11 (6.2) 1 (2.3) 10 (7.2)

Hematospermia (in days

after biopsy), n (%)

0–1 155

(86.1)

39 (90.7) 116

(84.7)

0.457

>1 25 (13.9) 4 (9.3) 21 (15.3)

Rectal bleeding (in days

after biopsy), n (%)

0–1 175

(97.2)

42 (97.7) 133

(97.1)

0.999

2–3 4 (2.3) 1 (2.3) 2 (2.2) 0.841

>14 1 (0.6) 0 (0) 1 (0.7)

Sacral/gluteal pain, n (%) No 176

(97.8)

42 (97.7) 134

(97.8)

1

Yes 4 (2.2) 1 (2.3) 3 (2.2)

Fever after biopsy, n (%) 1 (0.6) 1 (2.3) 0 (0) 0.317

Physician consultation

after biopsy? n (%)

No 176

(97.6)

40 (93) 136

(99.3)

0.04

Yes 4 (2.4) 3 (7) 1 (0.7)

Reason of consultation,

n (%)

Hematuria 1 (0.6) 1 (2.3) 0 (0)

Rectal

bleeding

1 (0.6) 1 (2.3) 0 (0)

Urinary

retention

1 (0.6) 0 (0) 1 (0.7)

Unknown 1 (0.6) 1 (2.3) 0 (0)

SB, systemic biopsy; TB, targeted biopsy.

and 0.7%, respectively (4, 22, 23). Hospitalization due to serious
infections is quite rare but seen with ∼1.0–2.8% of all patients
(13, 20, 24, 25). In our data, developing fever after transrectal
prostate biopsy was seen just in one patient (0.6%) without
the need of emergency treatment or clinical admission of these
patient. Thus, it could be followed that urine or rectal swab
analyses is not necessary to be performed prior every prostate
biopsy without any high-risk situation (e.g., history of prior
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prostatitis or genitourinary infection), even in areas of known
high prevalence of antibiotic resistances.

Furthermore, the consultation of a physician after transrectal
prostate biopsy was reported just in four cases (2.4%) of
all biopsies. Reasons were hematuria with need for bladder
irrigation, urinary retention (both Clavien-Dindo Grade IIIa),
rectal bleeding with need of surgical intervention (Clavien-Dindo
Grade IIIb) and one unknown consequence. This data also goes
in line with previous reports that have shown an incidence of
0.4–0.8% for urinary retention after transrectal prostate biopsy
(22, 26). No significant differences were seen in our data between
the SB and SB+ TB group regarding infectious complications or
consulting a physician in an emergency due to hematuria, rectal
bleeding, or urinary retention. Consequently, our data clearly
underlines that SB as well as SB+ TB with a transrectal approach
can be performed safely without serious infectious complications,
even though high rates of multiresistant bacterial species (15–17).

Second, side effects after transrectal prostate biopsy are
quite rare. Overall, no complications were subjectively reported
by 89.4% of our patients. The most common side effects of
the transrectal prostate biopsy approach are gross hematuria,
hematospermia und rectal bleeding. None of these side effects
lasting for more than 1 day after the biopsy was seen in 82.2,
86.1, and 97.2% of our patients, respectively. Gross hematuria
for longer than 14 days was reported in 6.2% of our patients.
These rates are quite lower than reported in the prospective trial
of Rosario et al. who showed a hematuria rate of 20% 14 days
after biopsy. One possible explanation might be the retrospective
setting of our analyses (26). Also, due to Patient education prior
to biopsy, a few patients did not subjectively see short term gross
hematuria as a relevant biopsy related complication.

Further, our hematospermia rates of patients who were
suffering for longer than 1 day (2.8%) are lower than reported in
other studies where 50.4% of the patients suffered for longer than
3 days (24). The range of any hematospermia after transrectal
prostate biopsy varies between 1.1 and 92.6% in the literature
(13, 22, 26–28).

Also, the prospective data from Rosario et al. showed that
rectal bleeding after transrectal prostate biopsy is quite common
but often self-limiting and seen as a major problem for just 2.5%
of all patients (26). Additionally, rectal bleeding rates during the
first days after the biopsy are given with <2.2% in the EAU
guidelines (4). These results are in line with our rates of 2.3% of
rectal bleeding for 2–3 days and 0.6% longer than 14 days after
transrectal prostate biopsy.

In addition, pain of the gluteal or sacral region was reported
quite often after transrectal prostate biopsy. Serious pain events
were reported in 5.7% within 7 days after biopsy (26). In our
cohort, just 2.2% of our patients reported about any kind of pain
during our clinical follow-up after transrectal biopsy. Comparing
non-infectious complication rates, same low rates could also be
expected in a transperineal approach (29).

Third, there is still a lack of information if the number
of cores taken during prostate biopsies influences the risk for
complications afterwards: The prospective trial of Ghani et al.
investigated a higher risk for rectal bleeding if more than six
cores were taken and Chowdhury et al. saw a significantly higher

risk for all bleeding complications with an increasing number
of cores, whereas Berger et al. found no differences between
six-, ten- and fifteen-core prostate biopsies (28, 30, 31). In our
analysis, the median cores per biopsy were 12 in the SB group and
significantly different from 17 cores in median in the SB + TB
group. In all analyses, no significant differences were seen in our
data between these two groups regardless of any complication of
hematuria, hematospermia, rectal bleeding or sacral/gluteal pain.

Fourth, previous publications reported that repeat biopsies
are an independent risk factor for complications after transrectal
prostate biopsy compared to biopsy-naïve patients (32). Also,
EAU guidelines list previous biopsies as a factor for inducing
antibiotic quinolone resistance and post-biopsy infections (4).
Loeb et al. found an ∼1.7 higher risk for hospitalization and
infectious complications with every repeat biopsy. Additionally,
the risk for serious complications was increased by 2.2 times (33).
Within our analyses, we also found a significantly higher rate
of a consultation of a physician due to subjective discomforts
after transrectal prostate biopsy in the cohort of men with
repeat biopsies compared to biopsy-naïve patients (7 vs. 0.7%)
(p < 0.05). These results clearly demonstrate the need of raising
awareness before recommending and performing a repeat biopsy.

The present study has several limitations. First and foremost,
our manuscript is based on a retrospective analysis. Namely,
all data were collected 6 weeks after the transrectal prostate
biopsy at the earliest at one tertiary care center. This may lead
to unknown or not detailed reported complications in the data
analyses. Moreover, the possibility of a selection bias exists with
the clinical follow up of the 180 patients out of 230 biopsies.
Further, all biopsies were performed under antibiotic prophylaxis
with flourquinolones, without any prior MDRO screening. Until
now, it is not clearly demonstrated if complication rates after
transrectal prostate biopsy differ with other antibiotic regimes
after EMA flourquinolone restrictions. Finally, there is no
comparison to a group with transperineal biopsy approach.

Taken together, our analyses demonstrate that the transrectal
approach for prostate biopsy is a safe approach with low
complication rates which is a well-tolerated and accepted by the
patients. Finally, it can be concluded that despite increasing and
high incidences of multiresistant bacterial colonies, transrectal
prostate biopsy can be performed easily and safely. Our study
cohort provides a contemporary, much needed update compared
to previous studies with either limited patient numbers or
historical cohorts, since biopsy strategies, number of taken
cores, and targeted biopsy due to the improvement of MRI
have changed.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article.

ETHICS STATEMENT

The study was approved by the institutional review boards of the
University Cancer Centre Frankfurt and the Ethical Committee
at the University Hospital Frankfurt.

Frontiers in Surgery | www.frontiersin.org 5 February 2020 | Volume 7 | Article 7

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Wenzel et al. Complications After Transrectal Prostate Biopsies

AUTHOR CONTRIBUTIONS

MW: protocol development, acquisition of the analyzed data,
analysis and interpretation of data, substantial contributions to
the conception of work, drafting the work, and revising the work
for the intellectual content. CH and LT: protocol development,
acquisition of the analyzed data. FP: data analysis. BL, CW, VI,
VK, LK, BB, and PM: acquisition of analyzed data, contribution

to the conception of work, final approval of manuscript. FC:
substantial contributions to the conception of the work, critical
revision of intellectual content. AB: substantial contributions to
the conception of work, critical revision of work, data analysis,
and final approval of the version to be published. All authors
complied with all aspects of the work. They ensure that questions
related to the accuracy of the work are adequately discussed
and solved.

REFERENCES

1. Eeles, RA, Olama AA, Benlloch S, et al. Identification of 23 new prostate

cancer susceptibility loci using the iCOGS custom genotyping array. Nat

Genet. (2013) 45:385–91. doi: 10.1038/ng.2560

2. Siegel RL,Miller KD, Jemal A, Cancer statistics, 2019.CACancer J Clin. (2019)

69:7–34. doi: 10.3322/caac.21551

3. Malvezzi M, Carioli G, Bertuccio P, Boffetta P, Levi F, La Vecchia C, et al.

European cancer mortality predictions for the year 2019 with focus on breast

cancer. Ann Oncol. (2019) 1:781–7. doi: 10.1093/annonc/mdz051

4. Mottet N, van den Bergh R, Briers E, Cornford P, Santis MD, Fanti S,

et al. EAU Guidelines on Prostate Cancer. Arnhem: European Association of

Urology (2019).

5. Xue J, Qin Z, Cai H, Zhang C, Li X, Xu W, et al. Comparison between

transrectal and transperineal prostate biopsy for detection of prostate cancer:

a meta-analysis and trial sequential analysis. Oncotarget. (2017) 8:23322–

36. doi: 10.18632/oncotarget.15056

6. Roberts MJ, Bennett HY, Harris PN, Holmes M, Grummet J, Naber K,

et al. Prostate biopsy-related infection: a systematic review of risk factors,

prevention strategies, and management approaches. Urology. (2017) 104:11–

21. doi: 10.1016/j.urology.2016.12.011

7. Tal R, Livne P, Lask D, Baniel J. Empirical management of urinary tract

infections complicating transrectal ultrasound guided prostate biopsy. J Urol.

(2003) 169:1762–5. doi: 10.1097/01.ju.0000061280.23447.29

8. Drost FJH, Osses D, Nieboer D, Bangma CH, Steyerberg EW, Roobol

MJ, et al. Prostate MRI, with or without MRI-targeted biopsy, and

systematic biopsy for detecting prostate cancer. Eur Urol. (2020) 77:78–

94. doi: 10.1016/j.eururo.2019.06.023

9. Kasivisvanathan V, Rannikko AS, Borghi M, Panebianco V, Mynderse LA,

Vaarala MH, et al. MRI-targeted or standard biopsy for prostate-cancer

diagnosis. N Engl J Med. (2018) 378:1767–77. doi: 10.1056/NEJMoa1801993

10. Rouvière O, Puech P, Renard-Penna R, Claudon M, Roy C, Mège-Lechevallier

F, Decaussin-PetrucciM, et al. Added value of prostate systematic and targeted

biopsy base d onmultiparametric MRI in biopsy-naïve patients (MRI-FIRST):

a prospective multicentre paired diagnostic study. Lancet Oncol. (2018)

20:100–9. doi: 10.1016/S1470-2045(18)30569-2

11. Van der Leest, M, Puech P, Renard-Penna R, Claudon M, Roy C, Mège-

Lechevallier F, et al. Head-to-head comparison of transrectal ultrasound-

guided prostate biopsy versus multiparametric prostate resonance imaging

with subsequent magnetic resonance- guided biopsy in biopsy-naive men

with elevated prostate-specific antigen: a large prospective multicenter clinical

study. Eur Urol. (2019) 75:570–8. doi: 10.1016/j.eururo.2018.11.023

12. Preisser F, Theissen L, Wenzel M, Humke C, Bodelle B, Köllermann J,

et al. Performance of combined magnetic resonance imaging/ultrasound

fusion-guided and systematic biopsy of the prostate in biopsy-naïve patients

and patients with prior biopsies. Eur Urol Focus. (2019) S2405–456930170–

1. doi: 10.1016/j.euf.2019.06.015

13. Loeb, S., Vellekoop A, Ahmed HU, Catto J, Emberton M, Nam R, et al.

Systematic review of complications of prostate biopsy. Eur Urol. (2013)

64:876–92. doi: 10.1016/j.eururo.2013.05.049

14. Xiang J, Yan H, Li J, Wang X, Chen H, Zheng X. Transperineal

versus transrectal prostate biopsy in the diagnosis of prostate cancer:

a systematic review and meta-analysis. World J Surg Oncol. (2019)

17:31. doi: 10.1186/s12957-019-1573-0

15. Gruber I, Heudorf U, Werner G, Pfeifer Y, Imirzalioglu C, Ackermann H,

et al. Multidrug-resistant bacteria in geriatric clinics, nursing homes, and

ambulant care–prevalence and risk factors. Int J Med Microbiol. (2013)

303:405–9. doi: 10.1016/j.ijmm.2013.05.002

16. Pletz MW, Eckmann C, Hagel S, Heppner HJ, Huber K, Kämmerer W,

et al. Current strategies against multi-drug resistant organisms. Dtsch Med

Wochenschr. (2015) 140:975–81. doi: 10.1055/s-0041-102452

17. Laxminarayan R, Duse A, Wattal C, Zaidi AK, Wertheim HF, Sumpradit N,

et al. Antibiotic resistance-the need for global solutions. Lancet Infect Dis.

(2013) 13:1057–98. doi: 10.1016/S1473-3099(13)70318-9

18. von Knobloch, R, Weber J, Varga Z, Feiber H, Heidenreich A,

Hofmann R. Bilateral fine-needle administered local anaesthetic

nerve block for pain control during TRUS-guided multi-core

prostate biopsy: a prospective randomised trial. Eur Urol. (2002)

41:508–14. doi: 10.1016/S0302-2838(02)00072-6

19. Borghesi M, Ahmed H, Nam R, Schaeffer E, Schiavina R, Taneja S, et al.

Complications after systematic, random, and image-guided prostate biopsy.

Eur Urol. (2017) 71:353–65. doi: 10.1016/j.eururo.2016.08.004

20. Lundström KJ, Drevin L, Carlsson S, Garmo H, Loeb S, Stattin

P, et al. Nationwide population based study of infections after

transrectal ultrasound guided prostatebiopsy. J Urol. (2014)

192:1116–22. doi: 10.1016/j.juro.2014.04.098

21. Nam RK, Saskin R, Lee Y, Liu Y, Law C, Klotz LH, et al.

Increasing hospital admission rates for urological complications

after transrectal ultrasoundguided prostate biopsy. J Urol. (2013)

183:963–8. doi: 10.1016/j.juro.2009.11.043

22. Raaijmakers R, Kirkels WJ, Roobol MJ, Wildhagen MF, Schrder FH.

Complication rates and risk factors of 5802 transrectal ultrasound-guided

sextant biopsies of the prostate within a population-based screening program.

Urology. (2002) 60:826–30. doi: 10.1016/S0090-4295(02)01958-1

23. Wagenlehner FM, van Oostrum E, Tenke P, Tandogdu Z, Çek M, Grabe

M, et al. Infective complications after prostate biopsy: outcome of the

Global Prevalence Study of Infections in Urology (GPIU) 2010 and 2011, a

prospective multinational multicenter prostatebiopsy study. Eur Urol. (2013)

63:521–7. doi: 10.1016/j.eururo.2012.06.003

24. Bruyère F, Malavaud S, Bertrand P, Decock A, Cariou G, Doublet

JD, et al. Prosbiotate: a multicenter, prospective analysis of

infectious complications after prostatebiopsy. J Urol. (2015)

193:145–50. doi: 10.1016/j.juro.2014.07.086

25. Pinkhasov GI, Lin YK, Palmerola R, Smith P, Mahon F, Kaag MG, et al.

Complications following prostate needle biopsy requiring hospital admission

or emergency department visits–experience from 1000 consecutive cases. BJU

Int. (2012) 110:369–74. doi: 10.1111/j.1464-410X.2011.10926.x

26. Rosario DJ, Lane JA, Metcalfe C, Donovan JL, Doble A, Goodwin L, et al.

Short term outcomes of prostate biopsy in men tested for cancer by prostate

specific antigen: prospective evaluation within ProtecT study BMJ. (2012)

344:d7894. doi: 10.1136/bmj.d7894

27. Manoharan M, Ayyathurai R, Nieder AM, Soloway MS. Hemospermia

following transrectal ultrasound-guided prostate biopsy: a prospective study.

Prostate Cancer Prostatic Dis. (2007) 10:283–7. doi: 10.1038/sj.pcan.4500955

28. Berger AP, Gozzi C, Steiner H, Frauscher F, Varkarakis J, Rogatsch H,

et al. Complication rate of transrectal ultrasound guided prostate biopsy:

comparison among 3 protocols with 6, 10, and 15 cores. J Urol. (2004)

171:1478–80. doi: 10.1097/01.ju.0000116449.01186.f7

Frontiers in Surgery | www.frontiersin.org 6 February 2020 | Volume 7 | Article 7

https://doi.org/10.1038/ng.2560
https://doi.org/10.3322/caac.21551
https://doi.org/10.1093/annonc/mdz051
https://doi.org/10.18632/oncotarget.15056
https://doi.org/10.1016/j.urology.2016.12.011
https://doi.org/10.1097/01.ju.0000061280.23447.29
https://doi.org/10.1016/j.eururo.2019.06.023
https://doi.org/10.1056/NEJMoa1801993
https://doi.org/10.1016/S1470-2045(18)30569-2
https://doi.org/10.1016/j.eururo.2018.11.023
https://doi.org/10.1016/j.euf.2019.06.015
https://doi.org/10.1016/j.eururo.2013.05.049
https://doi.org/10.1186/s12957-019-1573-0
https://doi.org/10.1016/j.ijmm.2013.05.002
https://doi.org/10.1055/s-0041-102452
https://doi.org/10.1016/S1473-3099(13)70318-9
https://doi.org/10.1016/S0302-2838(02)00072-6
https://doi.org/10.1016/j.eururo.2016.08.004
https://doi.org/10.1016/j.juro.2014.04.098
https://doi.org/10.1016/j.juro.2009.11.043
https://doi.org/10.1016/S0090-4295(02)01958-1
https://doi.org/10.1016/j.eururo.2012.06.003
https://doi.org/10.1016/j.juro.2014.07.086
https://doi.org/10.1111/j.1464-410X.2011.10926.x
https://doi.org/10.1136/bmj.d7894
https://doi.org/10.1038/sj.pcan.4500955
https://doi.org/10.1097/01.ju.0000116449.01186.f7
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Wenzel et al. Complications After Transrectal Prostate Biopsies

29. Wang F, Ding XF, Xu JN, Xu YZ, Zhou YQ, Luan Y, et al. Complications of

transperineal template-guided prostate mapping biopsy. Zhonghua Yi Xue Za

Zhi. (2019) 99:428–31. doi: 10.3760/cma.j.issn.0376-2491.2019.06.009

30. Ghani KR, Dundas D, Patel U. Bleeding after transrectal

ultrasonography-guided prostate biopsy: a study of 7-days morbidity

after a six-, eight-, and 12-core biopsy protocol. BJU Int. (2004)

94:1014–20. doi: 10.1111/j.1464-410X.2004.05096.x

31. Chowdhury R, Abbas A, Idriz S, Hoy A, Rutherford EE, Smart JM.

Should warfarin or aspirin be stopped prior to prostate biopsy?

An analysis of bleeding complications related to increasing sample

number regimes. Clin Radiol. (2012) 67:e64–70. doi: 10.1016/j.crad.201

2.08.005

32. Ehdaie B, Vertosick E, Spaliviero M, Giallo-Uvino A, Taur Y, O’Sullivan

M, et al. The impact of repeat biopsies on infectious complications in

men with prostate cancer on active surveillance. J Urol. (2014) 191:660–

4. doi: 10.1016/j.juro.2013.08.088

33. Loeb S, Carter HB, Berndt SI, Ricker W, Schaeffer EM. Is repeat prostate

biopsy associated with a greater risk of hospitalization? Data from SEER-

Medicare. J Urol. (2013) 189:867–70. doi: 10.1016/j.juro.2012.10.005

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Wenzel, Theissen, Preisser, Lauer, Wittler, Humke, Bodelle,

Ilievski, Kempf, Kluth, Chun, Mandel and Becker. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Surgery | www.frontiersin.org 7 February 2020 | Volume 7 | Article 7

https://doi.org/10.3760/cma.j.issn.0376-2491.2019.06.009
https://doi.org/10.1111/j.1464-410X.2004.05096.x
https://doi.org/10.1016/j.crad.2012.08.005
https://doi.org/10.1016/j.juro.2013.08.088
https://doi.org/10.1016/j.juro.2012.10.005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Complication Rates After TRUS Guided Transrectal Systematic and MRI-Targeted Prostate Biopsies in a High-Risk Region for Antibiotic Resistances
	Introduction
	Materials and Methods
	Study Population
	Antibiotic Prophylaxis Prior the Biopsy
	Biopsy Approach and Number of Cores
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


