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ABSTRACT

Objective: Prostate biopsy is associated with a risk of significant infectious complications including sepsis.
We investigated the risk of infections after transrectal (TR) biopsy compared to transperineal (TP) biopsy.
Materials and methods: Men who had undergone prostate biopsy and diagnosed with prostate cancer
were identified in the National Prostate Cancer Register (NPCR) of Sweden. Linkage with Swedish health
care registers provided information on hospitalization, antibiotic prescriptions and comorbidities. Rate
ratios for hospitalization, for infections, after TR and TP biopsies over day 1-7, 1-14, and 1-30 were esti-
mated with Poisson regression. Filled prescriptions for urinary tract related antibiotics were also assessed.
Results: Thirty-one thousand two hundred twenty-two men underwent biopsy between 1 January 2020
and 31 December 2023. 87% underwent TR and 13% TP biopsy.

Hospitalization occurred in 0.6% of men (n = 24) after TP biopsy and 2.0% (n = 548) after TR biopsy. Rate
ratios for hospitalization in the TR group compared to TP were 8.0 (95% confidence interval [Cl]: 4.0-16.2)
for day 1-7, 6.2 (3.2-11.9) for day 1-14, and 4.1 (2.4-6.8) for day 1-30. Filled antibiotic prescriptions were
found for 4.5% of men (n = 187) after TP biopsy and 6.9% (n = 1,883) after TR biopsy. For antibiotic prescrip-
tions, the rate ratios were 2.3 (1.8-2.9) for day 1-7 as well as day 1-14, and 1.6 (1.3-1.9) for day 1-30.
Conclusions: A transrectal prostate biopsy was associated with a significantly higher risk of post-biopsy
infectious complications compared to transperineal biopsy. These findings support the use of transperi-
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neal biopsy.

Introduction

Prostate cancer is typically diagnosed via prostate biopsy with
an ensuing risk of infection, ranging from urinary tract infection
(UTI) to sepsis [1]. Several risk factors for post-biopsy infections
have been identified, including antibiotic-resistant rectal flora,
diabetes, prior UTI or prostatitis, previous antibiotic use, and
high comorbidity [2-4]. Given the increase in post-biopsy infec-
tions over time [5, 6], efforts to minimize infectious complica-
tions are of critical importance.

One proposed strategy to reduce infection risk is the use of
the transperineal (TP) route to the prostate. In multiple studies,
including systematic reviews and meta-analyses, TP biopsy has
beenassociated with lowerincidence ofinfectious complications,
including sepsis, while maintaining equivalent cancer detection

rates [7-10]. Accordingly, the EAU now recommends TP biopsy as
the preferred method [11]. Nonetheless, high-quality evidence
from randomized controlled trials (RCTs) is limited. In 2024, two
RCTs did not demonstrate statistically significant differences in
infection rates between the two approaches [12, 13].

Assessing the optimal biopsy method for minimizing infection
risk remains essential, and data from national healthcare registers
can provide valuable insights to complement findings from RCTs.
In Sweden, the adoption of TP biopsy varies between clinics:
some use it exclusively, other clinics use it alongside transrectal
(TR) biopsy, and some do not use it at all.

The primary aim of this study was to compare hospital
admission for infection-related diagnoses 30 days after prostate
biopsy - between the TR and TP biopsy in a nationwide
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population-based cohort. Secondary aims included evaluating
antibiotic prescriptions and hospital length of stay.

Methods
Study population and setting

In this population-based cohort study data from the National
Prostate Cancer Register (NPCR) of Sweden, which captures 98%
of all prostate cancer cases compared to the mandatory Swedish
National Cancer Register, was used [14, 15]. The overarching
goal of NPCR is to ensure equal and high standard of care to all
men with prostate cancer [16].

Using Sweden'’s unique personal identification number, NPCR
has been linked to several other national healthcare registers
within the Prostate Cancer data Base Sweden (PCBase) RAPID, as
previously described [17]. PCBase RAPID served as the database
for this study, registers within the database used in this study are
described next.

From the National Patient Register, which contains diagnostic
and procedural codes for both inpatient and outpatient care
[18], data on discharge diagnoses, hospital stays, biopsy date
and type, urinary retention, and extended-spectrum beta-
lactamase (ESBL) status were retrieved. ICD codes were used to
calculate the Charlson Comorbidity Index [19]. Medication data
were retrieved from the Prescribed Drug Register, which
contains information on all filled prescriptions in Sweden [20],
using Anatomical Therapeutic Chemical (ATC) codes. A Drug
Comorbidity Index was constructed based on this data [21].

2 T
a e
r -~
-
-
o 2=
4

2 15 - !
[} 1
- 1
Q
8 r
c |
[0}
o
o
£ 1
c
kel
=
[0]
N
©
=
@
o 0.5 —
T

0 —

1 1 1 1 1
0 7 14 21 28
Days post biopsy
Number at risk
TR 27107 26687 26619 26583 26560
TP 4115 4104 4098 4094 4090

Cancer characteristics, including tumor stage, prostate-specific
antigen (PSA) level, prostate volume, and number of biopsy cores
taken, were obtained from NPCR. Finally, mortality data were
collected from the Cause of Death Register, which records the
date of death and underlying and immediate causes of death [22].

Inclusion criteria

All men in PCBase who had undergone a TR or TP prostate
biopsy (classification of health care interventions [KKA]: TKE10,
TKE13, TKE20, TKE23 in the Patient Register) and had a corre-
sponding biopsy date recorded in NPCR between 1 January
2020and 31 December 2023 were included in the cohort (Figure
1).This time frame was selected as TP biopsies were first recorded
in the Patient Register from 1 January 2020 [23].

Exclusion criteria

In case of more than one hospital admission or more than one
antibiotic prescription occurred during the same period after
biopsy, only the first event was included in the analysis. If a man
had both a hospitalization for infection and a post-biopsy anti-
biotic prescription, the events were treated as separate out-
comes and included in their respective analyses. Furthermore,
the same man could only be included in the study once, the first
registered biopsy, even if the man underwent biopsies multiple
times.
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Figure 1. (a) Cumulative incidence of hospitalization after transperineal and transrectal prostate biopsy. (b) Cumulative incidence of filled prescription of
antibiotics for urinary tract infection after transperineal and transrectal prostate biopsy. Data are extracted from the National Prostate Cancer Register of

Sweden between 01 January 2020 and 31 December 2023.
TP: transperineal; TR: transrectal.



Main outcome measures

Hospitalisation for post-biopsy infection was defined as hospital
admission within 4 weeks following biopsy (days 1-30) with a
registered discharge ICD code related to UTI or sepsis in the
National Patient Register (see Supplementary Table 1 for ICD
codes used).

Secondary outcome measures

Antibiotic prescription after biopsy was defined as a registered
filled prescription for UTl-related antibiotics between the day
after biopsy and 1-month post-biopsy (days 1-30) in the
Prescribed Drug Register. Prescriptions filled on the same day as
the biopsy were excluded (see Supplementary Table 2 for ATC
codes used).

Length of hospital stay was defined as number of days in
hospital. If admission and discharge occurred on the same day,
the length of stay was set to 0.5 days.

Covariates

All covariates, including their data sources, units, and defini-
tions, are listed in Supplementary Table 3.

Statistical methods

Cumulative incidences were calculated. Rate ratios and risk dif-
ferences for TR versus TP biopsies over day 1-7, 1-14, 1-30,
8-14, 15-21, and 22-28 were estimated using Poisson regres-
sion. Covariates used for adjustment are listed in Supplementary
Table 3. Length of hospital stay was analysed using the Kaplan-
Meier estimator, with the number of days until discharge as the
outcome variable. Analyses were conducted on complete cases
without imputation. Statistical analysis was performed using R
(version 4.4.2).

Ethics

The study was approved by the Swedish Ethical Review Authority
(Dnr2021-06128-01).

Results

Between 1 January 2020 and 31 December 2023 31,222 men
who underwent a prostate biopsy resulting in a prostate cancer
diagnosis had been registered in NPCR. All men had a corre-
sponding ICD-10 code for biopsy in the National Patient Register.
Of these, 87% (27,107) underwent a TR biopsy and 13% (4,115) a
TP biopsy.

Baseline characteristics for men who underwent TP and TR
biopsy are presented in Table 1. The median age was 71 years,
and median number of biopsy cores were six in the TP group
and eight in the TR group. The prostate volume was similar
(median 40 mlin the TP group and 41 mlin the TR group) but the
proportion of =T3 tumors was lower in the TP group (8.3%)
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Table 1. Baseline characteristics of men in the National Prostate Cancer
Register of Sweden who underwent transperineal or transrectal prostate
biopsy between 01 January 2020 and 31 December 2023.

Characteristic TP,N=4,115" TR,N=27,107"
Age (years) 70 (64-76) 71 (65-77)
Year
2020 195 (4.7%) 5,781 (21%)
2021 542 (13%) 6,958 (26%)
2022 1,112 (27%) 8,013 (30%)
2023 2,266 (55%) 6,355 (23%)
PSA (ug/L) 7 (5-12) 8(5-17)
Missing 25 57
Prostate volume (ml) 40 (30-55) 41 (31-55)
Missing 206 1,332
MRI performed 1,707 (95%) 13,661 (68%)
Missing 2,311 7,029
Number of biopsies 6.0 (4-10) 8.0 (5-12)
Missing 3 165
T-stage
<=T2 3,622 (88%) 21,826 (81%)
>=T3 340 (8.3%) 4,317 (16%)
Tx 148 (3.6%) 957 (3.5%)
Missing 5 7
ESBL 5(0.1%) 20 (<0.1%)
History of Urinary retention 45 (1.1%) 358 (1.3%)
Diabetes mellitus with insulin 143 (3.5%) 1,053 (3.9%)
Diabetes mellitus without insulin 543 (13%) 3,646 (13%)
SGLT2 inhibitor without other DM 54 (1.3%) 222 (0.8%)
medications
Benign prostate hyperplasia 294 (7.1%) 2,303 (8.5%)
Immunosuppressants (excluding 57 (1.4%) 224 (0.8%)
corticosteroids)
Corticosteroids 335(8.1%) 2,144 (7.9%)
Previous antibiotics >2 weeks before 976 (24%) 5,887 (22%)
the biopsy
Antibiotic prescription <2 weeks 154 (3.7%) 1,866 (6.9%)
before the biopsy

Drug comorbidity index 0.66 (0.07-1.64)

Charlson comorbidity index

0.70 (0.08-1.72)

0 2,603 (63%) 17,024 (63%)
1 510 (12%) 3,761 (14%)
2+ 1,002 (24%) 6,322 (23%)

"Median (IQR); n (%).
IQR: interquartile range; PSA: prostate-specific antigen; MRI: Magnetic
Resonance Imaging; ESBL: extended

spectrum beta lactamases; SGLT2: Sodium-glucose cotransporter-2; DM:
diabetes mellitus; TP: transperineal; TR: transrectal..

compared to the TR group (16%). Comorbidity was similar in the
groups; however, antibiotic prescriptions within 2 weeks prior to
biopsy were less common before TP (3.7%) than TR (6.9%).
Hospitalized due to an infectious complication within 30
days after biopsy occurred in 0.6% (n = 24) of the men in the TP
group, compared to 2.0% (n = 548) in the TR group (Table 2). The
risk of hospitalization increased rapidly during the first days
following TR biopsy, whereas the TP group showed a slower and
more linear increase over the 30-day period (Figure 1a). This
pattern was reflected in a stable risk difference from day 7 to 30
(Figure 2a). Hospitalization rate ratios peaked immediately after
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Table 2. Infectious complications and mortality after transperineal or
transrectal prostate biopsy in the National Prostate Cancer Register of
Sweden between 01 January 2020 and 31 December 2023.

Outcome TP, 13%' TR, 87%'
Hospitalization within 30 days 0.6% (24) 2.0% (548)
post biopsy

Antibiotics within 30 days post 4.5% (187) 6.9% (1,883)
biopsy

1% (n).

TP: transperineal; TR: transrectal.

biopsy and declined rapidly thereafter. Significant differences
favoring TP biopsy were observed only during the first week.
Although no statistically significant differences were seen on
days 8-14, 15-21, or 22-30, the overall differences remained
significant across all follow-up periods (7, 14, and 30 days)
(Table 3, Figure 2b).

The percentage of men with filled antibiotic prescriptions
were 4.5% (n = 187) after TP biopsies and 6.9% (n = 1,883) after
TR biopsies, respectively (Table 2). Differences in filled antibiotic
prescriptions are illustrated in Figure 2b. The risk difference
gradually increased until day 21 and then declined slightly
(Figure 2c). Rate ratios significantly favored the TP biopsy for the
time intervals 1-7, 1-14, 1-28, and 8-14 days (Table 3, Figure
2d).

The median length of hospital stay was 3 days for both groups.

Discussion

In this large nationwide population-based cohort study, men
who underwent TR prostate biopsy had a four-fold higher inci-
dence of hospital admission for infection-related complications
compared to men who underwent TP biopsy. The rate ratio was
particularly elevated for hospitalization during the first week fol-
lowing biopsy in favor of TP biopsies. After that, hospitalization
occurred at similar pace in both groups and the rate ratios were
non-significant during week 2, 3 and 4. Fillings for UTl-related
infection was 50% higher after TR biopsy compared to TP biopsy
with a similar pattern as hospitalization over the first 4 weeks.
This pattern with the most marked differences in infection
occurrence during the first week in favor of TP followed by simi-
lar curves during week 2-4 suggests that the mechanisms of
infection might be different between the methods but also that

Table 3. Risk ratios for hospitalization and prescribed antibiotics for UTI
after transperineal or transrectal prostate biopsy in the National Prostate
Cancer Register of Sweden between 01 January 2020 and 31 December
2023.

Days after Hospitalization 95% Cl Prescribed 95% Cl
biopsy risk ratio antibiotics risk
ratio

1-7 8.02 3.98-16.2 2.27 1.77-2.92
1-14 6.15 3.17-11.92 231 1.82-2.92
1-30 4.06 242-6.81 1.57 1.32-1.86
8-14 2.06 0.74-5.69 1.91 1.30-2.81
15-21 1.53 0.47-5.03 0.96 0.67-1.38
22-28 1.11 0.33-3.72 0.87 0.63-1.22

Cl: confidence interval.

infections are a problem in both groups, that is, not only in the
TR group.

The strengths of this study include the completeness of
register data for men diagnosed with prostate cancer in an
entire nation and the high internal validity of the infection-
related outcomes, especially hospitalization, which is not
indicated if the patients are not clinically assessed as having a
potentially severe infection. However, there are limitations.
There were no available data on bacterial cultures in either of
the groups so it cannot be excluded that some of the prescribed
antibiotics might have been done based on inflammation and
local symptoms rather than bacterial infections. Furthermore,
men with negative biopsy results were not included, as only
men with a prostate cancer diagnosis are registered in NPCR.
However, a study from southern Sweden found no significant
differences in the risk of infection between men with and
without prostate cancer [24]. Data on administered prophylactic
antibiotics are not available in Swedish healthcare registers,
which may introduce confounding if prophylaxis varied within
biopsy groups. Regarding filled prescribed antibiotics, day 0 was
not included in the analysis because some clinics prescribe
empiric short term treatment for 3-5 days with prophylactic
purpose mainly in patients with risk factors for infection after TR
biopsy (usually 20-25% of patients), therefore, some
prescriptions for infectious symptoms may have been missed if
they were conducted on day 0. Finally, we used a broad range of
discharge and antibiotic codes to define hospitalization and
UTl-related prescriptions, which may have led to misclassification
if infections unrelated to the biopsy were included, this would
however impact both TP and TR biopsy equally.

Our findings support previous evidence that TP biopsy
carries a lower risk of infection compared to TR biopsy. A 2019
meta-analysis found a significantly lower risk of post-biopsy
fever after TP (rate ratio 0.26, 95% confidence interval [CI]: 0.14-
0.48) based on 1,618 men in four RCTs and three cohort studies
[8]. Similarly, in an analysis of seven RCTs including 1,330 men a
risk ratio of 0.55 (95% Cl: 0.33-0.92) was found for a composite
outcome of fever, sepsis, and symptomatic UTI in favor of TP
biopsy. While this analysis of hospitalization yielded a non-
significant rate ratio of 0.38 (95% Cl: 0.09-1.61), a subsequent
meta-analysis incorporating an additional RCT reported a
pooled rate ratio of 2.48 (95% Cl: 1.47-4.2) for infectious
complications when comparing TR with TP biopsy [11, 25].

In contrast, two recent RCTs published in 2024 found no
statistically significant differences in infection rates between the
two biopsy techniques [12, 13]. In one of these, 658 men were
randomized to either TR biopsy with targeted prophylaxis
(based on rectal cultures) or TP biopsy without prophylaxis. Four
patients in the TR group experienced infectious complications
within 1 week, compared to none in the TP group (p = 0.06) [12].
The other study reported an odds ratio of 1.06 (95% CI: 0.43-
2.65) for a 30-day composite outcome of suspected or confirmed
UTl when comparing TR and TP biopsies in 718 randomized
patients [13]. Their TR group received augmented prophylaxis
with oral ciprofloxacin and trimethoprim-sulfamethoxazole
before and 12 h after the biopsy, without rectal swabs or iodine—
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Figure 2. (a) Risk difference (solid line) for Transperineal versus Transrectal prostate biopsy regarding hospitalization. (b) Risk ratio (solid line) for Transper-
ineal versus Transrectal prostate biopsy regarding hospitalization. (c) Risk difference (solid line) for Transperineal versus Transrectal prostate biopsy regard-
ing filled prescription of antibiotics for urinary tract infection. (d) Risk ratio (solid line) for transperineal versus transrectal prostate biopsy regarding filled
prescription of antibiotics for urinary tract infection. Confidence intervals are marked as shaded areas. Data are extracted from the National Prostate Cancer

Register of Sweden between 01 January 2020 and 31 December 2023.
TP: transperineal; TR: transrectal.

povidone preparation, whereas the TP group received no
prophylaxis.

Our retrospective analysis of population-based data yielded
results comparable to those of Mian et al., whose pragmatic trial
included a broad patient population regardless of Magnetic
Resonance Imaging (MRI) use or biopsy history. In Mian’s study,
hospitalization rates were 0.6% in the TR group and 0.3% in the
TP group; antibiotic prescription rates were 1.7% and 1.4%,
respectively, at 30-day follow-up. By comparison, our study
found higher infection rates: hospitalization occurred in 2.0%

(TR) versus 0.6% (TP), and antibiotic prescriptions were filled in
6.9% (TR) versus 4.5% (TP). The most striking discrepancy lies in
the higher infection burden in the TR group. Several factors may
explain this difference. Firstly, the median age in our cohort was
71 years versus 65 years in Mian’s study, and the prevalence of
diabetes was lower in the latter, indicating a selection of
younger, healthier patients in the RCT. Secondly, in Sweden, a
single-dose ciprofloxacin is typically used as prophylaxis for TR
biopsy in patients without clear infection risk factors (e.g.
diabetes, urinary retention, or catheterization) and an extended
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prophylaxis for higher-risk groups [26]. However, an increasing
ciprofloxacin resistance, currently estimated at 11-14% in
Sweden [27], necessitates use of better prophylactic strategies,
such as augmented regimens or resistance screening. The
absence of widespread implementation of such methods may
contribute to the relatively high rate of post-biopsy infections.

If TR biopsies continue to be used, improvements in
prophylactic strategies needs to be implemented. In 2023, the
Swedish Urology Association issued new national guidelines
recommending oral ciprofloxacin  or  trimethoprim-
sulfamethoxazole before and in the evening after biopsy in
patients without risk factors, and augmented prophylaxis
(including oraland intravenous regimens) in high-riskindividuals
[28]. These recommendations aim to address the increasing
issue of ciprofloxacin resistance. Both EAU and Swedish national
guidelines also recommend rectal preparation with iodine-
povidone prior to TR biopsy, although this was not routine
during the study period [11, 29].

Prostate biopsy techniques are rapidly evolving. Broader
implementation of iodine-povidone, targeted prophylaxis, and
comprehensive patient risk factor assessment are likely to
reduce the number of post-TR biopsy UTI, thereby decreasing
the difference in this aspect between the two methods. A study
by Berg et al. did however show significant higher rates of
infectious complications, for TR compared to TP biopsies, when
using targeted prophylaxis and comprehensive patient risk
factor assessment, indicating that this may not be enough to get
comparable rates of infectious complications [30].

Regardless of difference in complication rates, TP biopsy may
outperform TR biopsy in other aspects as well. A RCT by Bryant
etal.publishedin 2025 thatincluded 1,126 men had a statistically
significant higher detection rate for clinically significant prostate
cancer in the TP group (60%) versus the TR group (54%) [31].
Furthermore, the study did not show any statistical differences
for non-infectious complications but found TR biopsies less time
consuming and more often less painful, indicating that TR may
be beneficiary in other aspects.

The study by Bryant et al. found similar rates of post-biopsy
hospital admission for infections as this study, where 1.6% in the
TR and 0.4% in the TP biopsy group was hospitalized within 35
days. A difference between the studies was the number of
biopsies performed, which varied between the TR and TP
approaches in the present cohort. A higher median number of
biopsies was taken in the TR group than in the TR group,
suggesting that systematic biopsies are more frequently
conducted with the TR technique. This may affect our results to
some extent, but as the prespecified number of biopsies were
equal in both groups in the article of Bryant et al, and the
observed rates of infection-related hospitalizations were similar
to our study, this difference is likely to be of limited importance.

Further studies are warranted to monitor infection
complications and to evaluate different prophylactic regimens
for TR biopsy, ideally with standardized registration of
prophylaxis in registers such as the NPCR. A randomized trial
comparing TR and TP biopsy in the Swedish healthcare setting
could be considered, particularly in the light of conflicting

evidence. It would also be interesting to look closer into
subgroups of patients of different age with or without risk
factors for infection to elaborate if certain groups would benefit
more from TP biopsies. In addition, large cohort studies are
needed to explore risk factors for infection following TP biopsy
specifically.

Conclusion

This nationwide cohort study found that transrectal prostate
biopsy was associated with a significantly higher risk of post-bi-
opsy infectious complications, both in terms of hospital admis-
sion and antibiotic prescription compared to transperineal
biopsy.
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