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ABSTRACT
Introduction: The use of quinolones has recently been questioned due to reports on side effects
including an increased risk of aortic aneurysm. The aim of the study was to examine the risk of aortic
aneurysm (AA) after short-term ciprofloxacin as prophylaxis for prostate biopsy.
Materials and Methods: We used the Prostate Cancer data Base Sweden and investigated 192,024
prostate biopsy exposures vs. 554,974 non-exposures for risk of AA.
Materials and Methods: Prostate biopsy was used as a proxy for quinolone use as short-term cipro-
floxacin is the recommended and documented prophylaxis in Sweden for this procedure.
Materials and Methods: The outcome was the hazard ratio (HR) of AA in men who underwent a
biopsy vs. those that did not.
Results: The absolute risk of AA was small, 39/10,000 person years for all A�As and for ruptured A�As
3.5/10,000 person years. In multivariate analyses, there were small, non-significant increases in risk of
all AA’s (adjusted HR ¼ 1.13, 95% CI: 0.91 to 1.39) and ruptured A�As (adjusted HR ¼ 1.05, 95% CI: 0.52
to 2.15) in men who underwent biopsy. A significantly increased risk of AA was observed in men diag-
nosed with high-risk prostate cancer on biopsy (HR ¼ 1.50, 95% CI: 1.15–2.21). The use of prostate
biopsy as a proxy for exposure to ciprofloxacin was a limitation of the study.
Conclusions: Short-term ciprofloxacin was not associated with an increased risk of aortic aneurysm
and the increased risk in men with high-risk prostate cancer was likely due detection bias caused by
imaging more commonly performed in these men.
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Introduction

The use of quinolones has been associated with an increased
risk of aortic dissection and aneurysm (AA) [1–3]. These stud-
ies have also shown an increased risk of ruptured AA. The
mechanisms linking quinolone use to AA have been pro-
posed to be an increase of degradation of extracellular
matrix due to increased activity of mixed metalloproteinase
[4] and the decrease of expression of collagen [5].

This, amongst other reasons, led the European Medicines
Agency (EMA) to recommend a restriction of the use of qui-
nolones [6]. However, many guidelines still recommend short
term use of quinolone as a prophylactic agent in conjunction
with prostate biopsy [7]. Ciprofloxacin, a quinolone, is the
most common prophylaxis used in conjunction with prostate
biopsy in Sweden and elsewhere [8]. In a recent survey, 87%
of clinics in Sweden used short-term ciprofloxacin prophy-
laxis and specifically 69% used a single dose and 18% of the
clinics multiple doses [9].

The aim of the study was to investigate the associ-
ation between short-term ciprofloxacin prophylaxis and

the risk of a diagnosis or rupture of an aortic
aneurysm.

Materials and methods

Study population

In the Prostate Cancer data Base Sweden (PCBaSe) [10], the
National Prostate Cancer Register (NPCR) of Sweden has
been linked to other registries, including the Swedish Cancer
Registry [11], the Cause of Death Registry [12], the Prescribed
Drug Registry [13], the National Patient Registry [14], the
Longitudinal integrated database for health insurance and
labor market studies (LISA) [15] and the Multi-Generation
Registry [16] using the unique Swedish Personal Identity
Number (PIN) [17].

PCBaSe version 4.1 included men diagnosed with prostate
cancer between 1998 and 2016 with follow up until 2017-12-
31, and also a comparison cohort that consisted of five men
randomly selected for each prostate cancer case from the
general population, matched on birth year, county of
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residence and free of prostate cancer. Also, relatives to the
index case, born before 1932, were included [10].

Exposure

We used a health care contact in the National Patient
Registry indicating prostate biopsy (TKE00) or a biopsy regis-
tered in NPCR from 1 July 2006 through 31 December 2017
as a proxy for short term exposure to ciprofloxacin. The rea-
son to use this proxy was that we did not have data on
short-term exposure to ciprofloxacin as it is distributed dir-
ectly to the patient in the clinic and not by a filled prescrip-
tion. In a recent survey of the use of prophylactic antibiotics
in Sweden between 2014 and 2016, short-term ciprofloxacin
prophylaxis was used in 87% of the clinics. Preferably, a sin-
gle dose at the time of biopsy was used [9]. The survey had
a response rate of 90% (76/84) of clinics. A comparison was
made to men in PCBaSe who had not undergone a biopsy
and thus had not received ciprofloxacin. Three unique non-
exposed men were randomly selected from all control men
who were born the same year as the corresponding index
man. The comparison men were matched to their respective
case at the date of first biopsy, which defined a ‘pseudo
date’ for biopsy for the comparison men. We allowed men to
experience multiple biopsy events. If the case underwent
another biopsy, he retained the same comparison men who
received a new pseudo date for the repeat biopsy.

Outcomes

The outcome aortic aneurysm (AA) was defined as an
International Classification of Diseases version 10 (ICD-10)
diagnosis I71 in the National Patient Registry that occurred
within 60 days from the date of biopsy. Ruptured aortic
aneurysms were identified by use of the ICD-10 codes I71.1,
I71.3, I71.5, I71.8. Deaths due to these diagnoses were also
considered an aortic aneurysm event.

Covariates

Educational level was categorized as low: 9 years, medium:
12 years, and high: more than 12 years (university/college).
Previous treatment with ciprofloxacin was detected up to
one year prior to the prostate biopsy by use of data in the
Prescribed Drug Registry. Hypertension was defined by use
of the ICD-10 diagnoses I10-I15 in the National Patient
Registry during a 10-year period preceding the biopsy, or at
least one filled prescription of antihypertensive medication
(ATC codes C02, C03, C07, C08, C09) during the year preced-
ing the biopsy.

The Charlson Comorbidity Index (CCI) was calculated
based on discharge diagnoses from hospitalizations and spe-
cialist outpatient visits, extracted from National Patient
Registry and the Cancer Registry for the 10-year period pre-
ceding the start of follow-up, as were preexisting peripheral
artery disease (ICD-10 codes I70, I73) and cardiovascular dis-
ease (ICD-10 codes I20-I25) [18].

Prostate cancer risk was categorized as low/intermediate-
risk (�T2 or PSA �20 ng/ml or Gleason score �7 (4þ 3) or

high-risk (>T2 or PSA >20 ng/ml or Gleason score 7> 4þ 3
or metastases) using a modified version of National
Comprehensive Cancer Network (NCCN) classification [19].
Calendar year was considered as a potential confounder and
used as a covariate in the regression models.

Statistical methods

Follow-up started at the date of biopsy and ended at the
date of an outcome event, repeat biopsy, emigration, death,
or end of follow-up at 31 December 2017, whichever event
occurred first.

For time to event analyses a repeated biopsy in the same
man was considered as a new exposure and a robust sand-
wich estimator was applied to account for the within study
subject variability.

For unexposed comparison men, the follow-up was also
censored at the date of a filled prescription for ciprofloxacin
or a prostate biopsy. Crude incidence rates were calculated
for 60 and 180 days of follow-up.

Hazard ratios (HR) and corresponding 95% confidence
intervals (CI) were calculated by use of multivariable Cox pro-
portional hazard models. Adjustment was made for age as a
continuous variable, calendar year for biopsy stratified as
2007–2009, 2010–2013, and 2014–2017, history of hyperten-
sion (IDC-10 diagnosis Yes/No), prescription of antihyperten-
sive medication (Yes/No), history of peripheral arterial
disease (Yes/No), history of cardiovascular disease (Yes/No),
CCI (stratified 0/1/2/�3). A cumulative incidence plot was
generated by considering ruptured and non-ruptured aortic
aneurysms as competing risks, censoring for other events as
specified above. The absolute risk at 60 days, with 95% confi-
dence intervals, was extracted from the cumulative incidence
curves.

Subgroup and sensitivity analyses
All analyses were also performed using a 180-day follow-up.
A restricted analysis was made of men without previous
exposure to ciprofloxacin, previous biopsy, or previous diag-
nosis of aortic aneurysm or dissection, with the aim to min-
imize confounding. To evaluate potential detection bias or
misclassification of prevalent aneurysms at the time of the
biopsy, we also performed an analysis of risk restricted to
ruptured aortic aneurysm.

In a sensitivity analysis, the analysis set was restricted to
biopsies performed in hospitals where use of single dose
ciprofloxacin as prophylaxis had been verified in our recent
survey [9].

Stratified analyses were performed based on the result of
the biopsy; no cancer, low/intermediate-risk, or high-risk/meta-
static prostate cancer. These analyses were performed in order
to evaluate the potential influence of diagnostic procedures
such as computed tomography or ultrasonography that we
assumed would be more commonly used in men for whom the
biopsy showed a cancer, especially a high-risk cancer.

The PCBaSe 4 project was approved in 2016 by the
Regional Ethics Board in Umeå and this specific project
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based on data in PCBaSe 4.1 was approved by the Research
Ethics Authority in 2019.

Results

The study population consisted of 139,166 men exposed to
192,024 biopsies, and 410,019 unexposed comparison men
with 554,974 pseudo-biopsies (Table 1). Median age at
biopsy was 68 years (inter quartile range 63–74) and 32% of
the biopsies were repeat biopsies. Characteristics for men
who underwent biopsy were similar to men who did not
undergo biopsy, apart from a notably higher proportion of
previous ciprofloxacin exposure in the biopsy group. 113 in
the biopsy group and 340 men in the comparison group had

a diagnosis of AA within 60 days, corresponding to an abso-
lute risk of 64 per 100,000 men in both groups (95% CI: 52
to 76, and 57 to 71 per 100,000 men), and an incidence rate
of 39 per 10,000 person years. Ruptured AA within 60 days
was diagnosed amongst 10 men in the biopsy group and 30
in the comparison group, corresponding to absolute risks of
6 per 100,000 men in both groups (95% CI: 2 to 9, and 4 to
8 per 100,000 men) and an incidence rate of 35 per 100,000
person years.

After adjustment for potential confounding there was a
small increase in the risk of AA in men who had undergone
a biopsy, adjusted hazard ratio (HR) of 1.13 (95% CI: 0.91 to
1.39) (Table 2). The incidence rate ranged from 25 to 88
events per 10,000 person-years in the different subsets
studied.

In a separate analysis with ruptured AA as outcome event,
the increase was even smaller (Figure 1(A)), with an adjusted
HR of 1.05 (95% CI: 0.52 to 2.15) (Table 3).

When stratifying the analysis according to prostate cancer
risk category, men diagnosed with a high-risk prostate cancer
at biopsy had a notably increased risk, adjusted HR 1.60
(95% CI: 1.15 to 2.21) (Figure 1(C)) (Table 2), whereas there
was a reduced risk in men not diagnosed with prostate can-
cer, adjusted HR 0.85 (95% CI: 0.59 to 1.24) and in men diag-
nosed with a low/intermediate-risk prostate cancer, adjusted
HR 0.93 (95% CI: 0.60 to 1.44) (Figure 1(B)) (Table 2).
Extending the follow-up to 180 days slightly decreased the
risk estimates (Supplementary Table 1).

In a restricted analysis of men without previous exposure
to ciprofloxacin, previous biopsy, or previous diagnosis of
aortic aneurysm or dissection, the risk estimates did not sig-
nificantly differ between the cases and controls, adjusted HR
1.21 (95%CI: 0.92 to 1.59). Restricting the analysis to men
subjected to one or more previous biopsies did not alter the
association, adjusted HR 1.08, 95% CI: 0.68 to 1.70)
(Supplementary Table 2). In a sensitivity analysis restricted to
hospitals where short-term ciprofloxacin was used according
to our survey, risk estimates were similar as for all men
(Table 2).

Due to the limited number of ruptured aneurysms, we did
not calculate adjusted HRs for this outcome in all subsets
(Table 3). Extending the observation period to 180 days
resulted in a further reduced risk for ruptured aneurysm in
the biopsy group (Supplementary Table 3).

Discussion

In this nationwide, population-based register study, prostate
biopsy as a proxy for short-term ciprofloxacin was not associ-
ated with an increased risk of aortic aneurysm (AA). We inter-
pret the increased risk of AA in men with high-risk prostate
cancer as due to detection bias caused by imaging more
commonly performed in these men. In support of this inter-
pretation, there was no increase in the risk of ruptured
aneurysms after biopsy.

In contrast to our study, two other post authorization
safety studies based on drug registries in Sweden and
Canada have reported an increased relative risk of 1.6 to 2.2

Table 1. Baseline characteristics in Prostate Cancer data Base of Sweden
(PCBaSe) 4.1.

Biopsy
n¼ 192 024

(139 166 men)

No biopsy
n¼ 554 974

(410 019 men)

Age at biopsy median (Q1–Q3) 68 (63-74) 68 (63-74)
Year of biopsy, n (%)
2006–2009 59,556 (31) 172,268 (31)
2010–2013 66,855 (35) 192,849 (35)
2014–2017 65,613 (34) 189,857 (34)

Prior aortic aneurysma, n (%)
No 190989 (99) 550554 (99)
Yes 1035 (1) 4420 (1)

Hypertensionb, n (%)
No 176,921 (92) 505,904 (91)
Yes 15,103 (8) 49,070 (9)

Ischemic heart diseaseb, n (%)
No 179,209 (93) 509,210 (92)
Yes 12,815 (7) 45,764 (8)

Peripheral arterial diseaseb, n (%)
No 191,289 (100) 551,475 (99)
Yes 735 (0) 3,499 (1)

Charlson Comorbidity Indexb, n (%)
0 146,057 (76) 404,358 (73)
1 22,395 (12) 71,596 (13)
2 14,256 (7) 42,409 (8)
3þ 9,316 (5) 36,611 (7)

Educational levelc, n (%)
High 50,164 (26) 134,695 (24)
Middle 78,253 (41) 222,430 (40)
Low 62,419 (33) 191,069 (34)
Missing 1,188 (1) 6,780 (1)

Previous ciprofloxacina, n (%)
No 155,805 (81) 532,324 (96)
Yes 36,219 (19) 22,650 (4)

Previous biopsyb, n (%)
No 130,853 (68) 554,974 (100)
Yes 61,171 (32) – –

Antibiotic regime according to survey, n (%)d

Short-term ciprofloxacin 109800 (57) – –
Other antibiotics or no information

in survey
82,224 (43) 554,974 (100)

Type of prostate cancer on biopsye, n (%)
Low-/intermediate risk 59,565 (31) – –
High-risk 40,106 (21) – –
No prostate cancer 92,353 (48) 554,974 (100)

CCI: Charlson Comorbidity Index.
aAccording to filled prescription in Prescribed Drug Registry in the year prior
to biopsy.
bAccording to the National Patient Registry.
cAccording to the Longitudinal integrated database for health insurance and
labour market studies (LISA).
dPatients biopsied at clinic participating in survey.
eAccording to the National Prostate Cancer Register.
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Table 2. Hazard ratio of aortic aneurysm or death due to aortic aneurysm 60 days after prostate biopsy.

Incidence rate within 60 days
(per 10,000 person-years)

Crude analysis Adjusted

HR (95% CI) HR (95% CI)

All men No biopsy 39 1.00 Ref 1.00 Ref
Biopsy 39 1.00 (0.81–1.24) 1.13 (0.91–1.39)

Short-term ciprofloxacina No biopsy 38 1.00 Ref 1.00 Ref
Biopsy 44 1.15 (0.86–1.53) 1.27 (0.95–1.69)

No prostate cancer on biopsyb No biopsy 35 1.00 Ref 1.00 Ref
Biopsy 25 0.73 (0.50–1.06) 0.85 (0.59–1.24)

Low-/intermediate-risk prostate cancer on biopsyb No biopsy 34 1.00 Ref 1.00 Ref
Biopsy 27 0.81 (0.52–1.25) 0.93 (0.60–1.44)

High-risk prostate cancer on biopsyb No biopsy 56 1.00 Ref 1.00 Ref
Biopsy 88 1.55 (1.12–2.16) 1.60 (1.15–2.21)

aPatients who underwent prostate biopsy at a clinic where short-term ciprofloxacin was used according to survey [9].
bAccording to the National Prostate Cancer Register.

Figure 1. Cumulative incidence of aortic aneurysms.
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of AA in persons with a filled prescription for 7–14 days of
treatment with a quinolone [1,2]. In our study, exposure to
ciprofloxacin was much shorter as one single dose was the
most common prophylaxis in conjunction with prostate
biopsy in our survey [9]. The estimated absolute risk of a
diagnosis of AA within 60 days was 64 per 100,000 men both
for men who had undergone a prostate biopsy and those in
the comparison group. This incidence rate (39 per 10,000
person years) is twice as high as in a previous study in
Sweden of men and women who had filled a prescription for
a quinolone (incidence 19 per 10,000 person-years for men
above 65) [1]. While the median age was around 68 years in
both studies, and the calendar period for the study was quite
similar, our study population consisted exclusively of men
who had undergone prostate biopsy as a proxy for short
-term ciprofloxacin as prophylaxis. The previous study investi-
gated any use of any quinolone, in two propensity matched
cohorts consequently creating a study population that dif-
fered substantially from ours. The difference between the
studies in absolute incidence of aortic aneurysm is not
unexpected.

The only quinolone used as prophylaxis for prostate
biopsy in Sweden is ciprofloxacin and it was also the most
commonly used quinolone in the other Swedish (80%) and
in the Canadian study (50%).

The median age in the Canadian study was slightly
younger than in the Swedish studies, 65 years [1,2]. Our
study only included men, whereas the two other studies had
a fairly equal gender distribution. In the Canadian study fol-
low-up was 30 days and the incidence was 35/10.000 person
years, i.e. quite similar to the incidence in our study. Thus,
the main difference between our study and these two others
was the much shorter duration of exposure in our study. In
addition, ciprofloxacin was exclusively used as prophylaxis in
conjunction with prostate biopsy, whereas the other two
studies included use of any quinolone.

Our results are in accordance with a nested case control
study in Taiwan that reported no increase in risk of AA in
subjects treated with quinolone for less than 3 days, whereas
there was an increased risk for subjects treated more than
three days [3].

Aortic aneurysms are often detected incidentally due to
screening or a general high vigilance. We argue that the
increased risk of AA in men with high-risk prostate cancer

was due to the fact that these men, according to The
Swedish Prostate Care program, underwent an imaging pro-
cedure before a therapeutic decision. Likely, AA was inciden-
tally found in a proportion of these investigations [20].
Supporting this view, no significant increase in risk of AA
was observed for men who underwent a biopsy without a
subsequent diagnosis of prostate cancer or in men with a
low to intermediate-risk cancer, for whom there are no rec-
ommendations for imaging. The outcome of a ruptured or
surgically repaired aneurysm is less likely to be affected by
such bias. In our study there was no increased risk of rup-
tured aneurysms. In the other Swedish study, with longer
treatment duration, there was an increased risk of hospital
admission for AA and AA as the cause of death [1].

Strengths of our study include the population-based
design, large cohort size, use of comprehensive data from
high quality health care registers on exposures including
prostate cancer risk category, socioeconomic status, comor-
bidity, and previous use of ciprofloxacin. The overall validity
of ICD codes in the National Patient Registry has been shown
to be high [14], and specifically the ICD codes for AA has
been shown to be valid [21].

Limitations of our study include the use of prostate
biopsy as a proxy for short-term exposure to ciprofloxacin.
We had to use this proxy as a single dose ciprofloxacin is
generally distributed in person to the patient immediately
before biopsy at the out-patient department, and not by use
of a prescription. In support of the use of this proxy, our
recent survey showed that ciprofloxacin was used as prophy-
laxis in 87% of clinics in Sweden, in accordance with a previ-
ous survey [9,22]. Furthermore, despite the very large
number of participants, there was still a limited number of
AA and in particular, ruptured AA, which meant the confi-
dence intervals of our risk estimates were fairly wide.

The European Medicines Agency has restricted the use of
quinolones due to a number of adverse reactions [6]. This
led the European Association of Urology, section of
Infections in Urology (ESIU) to recommend to refrain from
use of quinolones as prophylaxis prior to transrectal prostate
biopsies [23,24], even though the guidelines still recommend
that ciprofloxacin can be used in countries where it is per-
mitted [7] . Our results with no increased risk of AA in men
who underwent a prostate biopsy provide no support for the

Table 3. Hazard ratio of aortic aneurysm or death due to ruptured aortic aneurysm 60 days after prostate biopsy.

Incidence rate within 60 days
(per 10,000 person-years)

Crude analysis Adjusted

HR (95% CI) HR (95% CI)

All men No biopsy 3.5 1.00 Ref 1.00 Ref
Biopsy 3.5 1.00 (0.49–2.05) 1.05 (0.52–2.15)

Short-term ciprofloxacinb No biopsy 3.6 1.00 Ref NAa

Biopsy 4.7 1.82 (0.60–5.57)
No prostate cancer on biopsy No biopsy 2.5 1.00 Ref

Biopsy 2.2 0.87 (0.24–3.18)
Low-/intermediate-risk prostate cancer on biopsyc No biopsy 3.2 1.00 Ref

Biopsy 3.3 1.02 (0.28–3.77)
High-risk prostatecancer on biopsyc No biopsy 5.7 1.00 Ref 1.00 Ref

Biopsy 6.5 1.12 (0.36–3.53) 1.14 (0.36–3.58)
aModel not applicable due to no events in the group exposed to history of peripheral arterial disease.
bPatients who underwent prostate biopsy at a clinic where short-term ciprofloxacin was used according to survey [9].
cAccording to the National Prostate Cancer Register.
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view that urologists should refrain from ciprofloxacin as
prophylaxis in conjunction with prostate biopsy.

Conclusions

Prostate biopsy as proxy for short-term exposure to cipro-
floxacin was not associated with an increased risk of aortic
aneurysm in this large population-based study. These data
do not support a ban of ciprofloxacin as prophylaxis in con-
junction with prostate biopsy.
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