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Abstract

Introduction In November 2018, the European Medicines Agency (EMA) restricted the use of fluoroquinolones (used by
mouth, injections or inhalation) in the context of a referral due to long-lasting and potentially irreversible adverse drug
reactions (ADRs). Fluoroquinolones should no longer be used to treat mild or moderate bacterial infections unless other
antibacterials cannot be used.

Objectives The first aim of our study was to analyze whether in the period before compared with after the referral the
characteristics of spontaneous ADR reports related to fluoroquinolones differed and whether specific ADRs were more
frequently reported for fluoroquinolones compared with cotrimoxazole. Secondly, we analyzed whether the ADR profile
differed between individual fluoroquinolones. Finally, the number of fluoroquinolone reports was considered in relation to
the number of outpatient drug prescriptions.

Methods All spontaneous ADR reports from Germany received before the referral (01/2014—12/2019) and after the referral
(01/2020~12/2022) for adults in which fluoroquinolones (n = 2575; n = 967) or cotrimoxazole (n = 299, n = 275) were reported
as suspected/interacting were identified in the European ADR database, EudraVigilance. The ADR reports were descriptively
analyzed concerning the reported characteristics. Odds ratios (ORs) and their 95% confidence intervals (CIs) were estimated by
logistic regression analyses, which were performed to investigate whether aortic aneurysms, retinal detachments, cardiac arrhyth-
mias, peripheral polyneuropathies, nervous system disorders, toxic liver diseases and non-traumatic injuries of muscles, tendons
and synovialis were more frequently reported for fluoroquinolones compared with cotrimoxazole. Stratified analyses between
fluoroquinolones were conducted by calculating ORs and their 95% Cls by using two-by-two tables. Reporting rates were calculated
by dividing the number of fluoroquinolone reports by the number of fluoroquinolone prescriptions.

Results Reporting rates of fluoroquinolones clearly increased until 2019 and decreased afterward. Only minor differences in the
characteristics of fluoroquinolone reports (e.g., regarding the indications) were observed in reports received before and after the
referral. In both periods, peripheral neuropathies, nervous system, and muscle and tendon disorders were more often reported for
fluoroquinolones than cotrimoxazole. In the pooled fluoroquinolone-stratified analyses, (i) peripheral neuropathies and nervous
system disorders were more frequently reported for ciprofloxacin, (ii) non-traumatic injuries of muscle, tendon, and synovialis
were more often reported for levofloxacin, and (iii) cardiac arrhythmias and toxic liver diseases were more frequently reported for
moxifloxacin compared with the other fluoroquinolones.

Conclusion In accordance with a reminder sent by the EMA referring to prescribing trends for fluoroquinolones, our study showed
that the characteristics of spontaneous ADR reports for fluoroquinolones after the referral were similar to those before the referral,
underlining the importance of adhering to the recommended restrictions issued by the EMA. In addition, we observed individual
differences between ciprofloxacin, levofloxacin, and moxifloxacin with regard to their ADR profile. Further studies are needed to
confirm our results.

Disclaimer: The information and views set out in this manuscript
are those of the authors and do not necessarily reflect the official
opinion of the Federal Institute for Drugs and Medical Devices.

Extended author information available on the last page of the article
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Only minor differences were found in the characteristics
of the spontaneous adverse drug reaction (ADR) reports
from EudraVigilance before and after the referral, high-

lighting the importance of adhering to the recommended
restrictions by the EMA.

In addition, we observed individual differences between
ciprofloxacin, levofloxacin, and moxifloxacin with regard
to their ADR profile. The reasons for these differences
have to be analyzed in further studies.

1 Introduction

Fluoroquinolones are broad-spectrum antibiotics against
both Gram-negative and Gram-positive bacteria (depend-
ing on the type of fluoroquinolone) and have been used for
over 40 years [1]. During that time, their safety profile has
been discussed and labeling updates have been conducted
as a result of severe, long-lasting or potentially irreversible
adverse drug reactions (ADRs), which came to light years
after marketing authorization [2-9]. Some fluoroquinolones
were withdrawn from the market due to safety issues (e.g.,
trovafloxacin [hepatotoxicity], gatifloxacin [hypoglycemia],
and grepafloxacin [cardiotoxicity]) [1, 10, 11].

In November 2018, the European Medicines Agency
(EMA) restricted the use of fluoroquinolones applied orally,
intravenously or by inhalation following a referral initiated
by the German Federal Institute for Drugs and Medical
Devices (BfArM) [12]. As a result, fluoroquinolones should
no longer be used as first-line treatment of mild or moderate
bacterial infections (e.g., uncomplicated urinary tract infec-
tions) since the risks associated with their use may exceed
their benefits.

Among others, collagen-associated ADRs (e.g., aortic
aneurysms, retinal detachments, and tendon disorders),
hepatic ADRs, cardiac arrhythmias, and peripheral and
central nervous system disorders are known ADRs of fluo-
roquinolones [13]. In Germany, ciprofloxacin, enoxacin (no
longer available on the market), levofloxacin, moxifloxacin,
norfloxacin, ofloxacin, and delafloxacin (not yet on the mar-
ket) are currently approved [8].

Some ADR-specific risk factors such as older age and
concomitant corticoid therapy concerning tendon dis-
orders [13, 14] or family histories of aortic aneurysms
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concerning aortic aneurysms and dissections [13] are
described in literature. Sex- and fluoroquinolone-specific
differences regarding the frequency of these ADRs were
discussed [14—16], but further studies are needed to con-
firm these results.

The first aim of our study was to analyze whether there
are differences in the characteristics of spontaneous ADR
reports from Germany related to fluoroquinolones before
and after the referral. In addition, we investigated whether
aortic aneurysms, cardiac arrhythmias, peripheral neuropa-
thies, nervous system disorders, non-traumatic injuries of
muscles, tendons, and synovialis, toxic liver diseases, and
retinal detachments were more frequently reported for
fluoroquinolones compared with cotrimoxazole (combi-
nation of sulfamethoxazole and trimethoprim) before and
after the referral. All of these specific ADRs were part of
the referral and were in another research project of the
BfArM identified as most relevant to gain further evidence
[17]. The second aim was to evaluate whether these spe-
cific ADRs were more frequently reported for females or
males or for one fluoroquinolone compared with another.
Thirdly, we analyzed whether the number of fluoroqui-
nolone and cotrimoxazole prescriptions in Germany and
the number of spontaneous ADR reports in relation to the
number of these prescriptions increased or decreased in
the analyzed period of time. To address these questions,
the spontaneous ADR reports in the European ADR data-
base, EudraVigilance, were investigated. Additionally,
we evaluated whether these ADRs were more commonly
recorded as diagnoses in patients exposed to fluoroqui-
nolones compared with those exposed to cotrimoxazole
in clinical routine data from the University Hospital Bonn
in the time period after the referral.

2 Material and Methods

In this retrospective study, we evaluated two different data
sources: (i) spontaneous reports of suspected ADRs (hereaf-
ter for brevity, ADRs) from EudraVigilance (ADR definition
described in literature [18-20]) and (ii) clinical routine data
from the University Hospital Bonn. The spontaneous ADR
reports include patients exposed to fluoroquinolones as out-
patients and inpatients, while the clinical routine data only
refer to patients exposed to fluoroquinolones as inpatients.
Whereas the spontaneous ADR reports refer to suspected
ADREs, the clinical routine data refer to diagnoses, which
are in temporal association with the administration of the
drug of interest.
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2.1 Analyses of Spontaneous Adverse Drug
Reaction (ADR) Reports from EudraVigilance

2.1.1 EudraVigilance

ADRs can be reported spontaneously by health care pro-
fessionals (HCPs, e.g., physicians, pharmacists) who are
obliged by their professional conduct code to report ADRs,
or non-health care professionals (non-HCPs, e.g., consum-
ers). The ADR database EudraVigilance of the European
Medicines Agency contains all spontaneously reported ADR
reports by the member states of the European Economic
Area [21]. In EudraVigilance, ADRs are coded following
MedDRA terminology [22] and drugs with the EudraVigi-
lance medicinal product dictionary [23].

2.1.2 Identification of Reports

We identified all spontaneous ADR reports received
between 01/2014 and 12/2022 reported for patients older
than 17 years in which fluoroquinolones (ATC code JOIM
[n = 3542] [24]) were reported as suspected/interacting. A
comparator group of spontaneous ADR reports referring to
several antibiotics (entire comparator reports) with a simi-
lar profile of indications in clinical practice as the fluoro-
quinolones was generated. This dataset consisted of spon-
taneous ADR reports referring to amoxicillin (JO1CA04),
cefuroxime (JO1DCO02), azithromycin (JO1FA10), clinda-
mycin (JO1FFO1), amoxicillin/clavulanic acid (JOICRO02),
cephalexin (JO1DBO1), doxycycline (JO1AA02, AO1AB22)
or cotrimoxazole (combination of sulfamethoxazole and
trimethoprim, JOIEEO1) (n = 5815). In order to analyze
whether the ADRs reported differed before and after the
referral, both datasets were divided into reports received
between 01/2014 and 12/2019 (fluoroquinolones n = 2575,
comparator n = 3428) (before referral) and between 01/2020
and 12/2022 (fluoroquinolones n = 967, comparator
n = 2387) (after referral). The first period does not exactly
match the period before the referral, which was published
in November 2018. We deliberately added the first year
after referral to the period before the referral to address a
potential reporting bias, since we expected an increased
reporting directly after the referral as described in another
analysis due to higher attention [25]. Furthermore, in order
to obtain patients that are as similar as possible concern-
ing the indication of the antibiotic therapy, we analyzed the
indications reported in ADR reports of fluoroquinolones and
ADR reports of each drug included in the comparator reports
(Supplementary Information 1, see electronic supplemen-
tary material [ESM]). We found as a result that the reported

indications in ADR reports related to cotrimoxazole were
the most similar to those in the ADR reports of fluoroqui-
nolones. For this reason, the comparator group was further
restricted to reports in which cotrimoxazole was reported
as suspected/interacting (2014-2019: n = 299; 2020-2022:
n = 275) (cotrimoxazole reports). In the main manuscript,
only the comparison of reports referring to fluoroquinolones
or cotrimoxazole as suspected/interacting drugs is shown
(see Fig. 1). The comparison to the entire comparator group
is shown in Supplementary Information 2 (see ESM).

2.1.3 Descriptive Analyses of the Spontaneous ADR
Reports

The identified ADR reports were analyzed with regard to the
demographics of the patients, the seriousness of the ADR
reports, the drugs most frequently reported as suspected/
interacting, the most frequently reported drug indications,
and the ADRs most frequently reported, as well as their pri-
mary reporting sources. Further on, the number of reports
describing aortic aneurysms, retinal detachments, cardiac
arrhythmias, peripheral polyneuropathies, nervous system
disorders, toxic liver diseases, and non-traumatic injuries
of muscles, tendons, and synovialis was determined (the
respective MedDRA terms for identification of these reports
are listed in Supplementary Information 3 in the ESM).
Additionally, sex- and fluoroquinolone-stratified analyses
concerning the aforementioned ADRs were performed.

Note that more than one seriousness criterion can be
reported per ADR report. The classification of serious-
ness based on the legal definition does not correspond
to the clinical definition of the severity of an ADR. In
accordance with the legal definition [19], an ADR report is
classified as serious if one of the reported ADRs was life-
threatening, led to hospitalization or prolongation thereof,
death, congenital anomalies or permanent disabilities.

The primary reporting source describes the person who
reported the ADR [18]. Multiple reporters (e.g., a physi-
cian and patient independently reported on the same ADR)
can report one ADR report. Note that we are not able to
distinguish between a physician and a pharmacist working
in a hospital or in primary care.

2.1.4 Statistical Analyses of Spontaneous ADR Reports
Means with standard deviations (SD) and medians with
interquartile ranges (IQR) were calculated for patients’

age. Frequency distributions with percentages were cal-
culated for all other criteria.
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EudraVigilance

Spontaneous reports, Germany, receive date:
01.01.2014-31.12.2022, patients > 17 years

n= 571,277

Amoxicillin,
amoxicillin/clavulanic

acid, cefuroxime,
azithromycin,
clindamycin, cephalexin,
doxycycline or
cotrimoxazole reported
as suspected/interacting

Fluoroquinolones (ATC
JO1M) reported as
suspected/interacting

EQ reports Entire comparator reports
n= 3,542 n=5,815
01.01.2014- 01.01.2020- 01.01.2014- 01.01.2020-
31.12.2019 31.12.2022 31.12.2019 31.12.2022
n= 2,575 n=967 n=3,428 n= 2,387
Cotrimoxazole Cotrimoxazole
reports reports
n=299 n=275

Clinical routine data

Inpatients of the University Hospital of Bonn with an electronic patient
record, day of hospital admission: 01.01.2021-31.12.2022

n= 79,410 patients, n= 115,548 cases

Amoxicillin,
amoxicillin/clavulanic

acid, cefuroxime,
azithromycin,
clindamycin,
cephalexin, doxycycline

Fluoroquinolones (ATC
JO1M) prescribed,
status completed

Both exclusion of
patients < 18 years at
day of hospital

or cotrimoxazole
prescribed, status
completed

FQ exposure

n= 1,724 patients,
n= 1,989 cases

Entire comparator
group exposure

n= 5,206 patients,

!

Cotrimoxazol
exposure

n= 1,649 patients,
n= 2,490 cases

Fig. 1 Identification of Spontaneous reports and clinical routine cases

2.1.5 Logistic Regression Analyses of Spontaneous
ADR Reports Comparing Reports Related
to Fluoroquinolones and Cotrimoxazole

Logistic regression analyses were performed for fluoroqui-
nolones versus cotrimoxazole as outcome variables, and age
(> 64 years), sex, cardiac arrhythmias, peripheral polyneu-
ropathies, nervous system disorders, toxic liver diseases, and
non-traumatic injuries of muscles, tendons, and synovialis
as covariates for both periods, before and after the refer-
ral. Results obtained from logistic regression analyses are
reported in terms of odds ratios (OR) with 95% confidence
intervals (Cls). If the lower CI exceeded 1, the specific ADR
was assumed to be more frequently reported for fluoroqui-
nolones. If the upper CI was lower than 1, the specific ADR
was assumed to be more frequently reported for cotrimoxa-
zole. The logistic regression analysis was also performed for
ADR reports reported by physicians and consumers separately.
However, the tendencies of the results were similar to those of
the whole dataset.
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2.1.6 Logistic Regression Analyses of Fluoroquinolone
Reports Stratified by Sex and Individual
Fluoroquinolones

In order to investigate whether there are differences in the fre-
quency of the analyzed ADRs between females and males in
the fluoroquinolone reports, and between one specific fluo-
roquinolone compared with another fluoroquinolone, logistic
regression analyses were performed. Therefore, the reports
before and after the referral were combined into one dataset.
For logistic regression analyses, females and males or the
respective fluoroquinolones under consideration were consid-
ered as outcome variables, and cardiac arrhythmias, peripheral
polyneuropathies, nervous system disorders, toxic liver dis-
eases (no reports describing toxic liver diseases in ofloxacin
reports), and non-traumatic injuries of muscles, tendons, and
synovialis as covariates. Results obtained from logistic regres-
sion analyses are reported in terms of OR with 95% CI. If
the lower CI exceeded 1, the specific ADR was assumed to
be more frequently reported for females (in the sex-stratified
analysis), or for the fluoroquinolone under consideration (in
the fluoroquinolone-stratified analyses). If the upper CI was
lower than 1, the specific ADR was assumed to be more fre-
quently reported for males (in the sex-stratified analysis), or
for the other fluoroquinolone under consideration (in the fluo-
roquinolone-stratified analyses).
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2.2 Number of Spontaneous ADR Reports
from EudraVigilance in Relation to the Number
of Drug Prescriptions Provided by the Central
Research Institute for Ambulatory Health Care
in Germany

2.2.1 Outpatient Drug Prescription Data

Prescription data according to § 300 SGB V were provided
by the Central Research Institute for Ambulatory Health
Care in Germany [26] for adults (> 18 years) with at least
one fluoroquinolone or cotrimoxazole prescription between
01/2014 and 12/2021. The number of drug prescriptions
represents the total number of outpatient prescriptions for
patients with statutory health insurances (approximately
80-90% of the German population) dispensed in German
pharmacies. Note that inpatient prescriptions are not cov-
ered, which is relevant to consider when interpreting pre-
scription data of antibiotics.

2.2.2 Calculation of Reporting Rates of Spontaneous ADR
Reports from EudraVigilance

Reporting rates were calculated by dividing the respective
number of spontaneous ADR reports from EudraVigilance
for a specific drug by the respective number of its outpatient
prescriptions. Reporting rates were calculated for all of the
analyzed drugs, the analyzed ADRs, and per year. They are
presented as the number of spontaneous ADR reports per
100,000 prescriptions. ORs with 95% CIs were calculated
using two-by-two tables to determine whether the analyzed
ADRs were more frequently reported for fluoroquinolo-
nes compared with cotrimoxazole, taking their number of
prescriptions into account. If the lower CI exceeded 1, the
specific ADR was assumed to be more frequently reported
for fluoroquinolones. If the upper CI was lower than 1, the
specific ADR was assumed to be more frequently reported
for cotrimoxazole.

2.3 Analyses of Clinical Routine Cases
from the University Hospital Bonn

2.3.1 University Hospital Bonn

The University Hospital Bonn provided clinical routine
data of patients with electronic health records (EHR) via
the services of the Medical Informatics Initiative-supported
Data Integration Center (DIC) [27, 28]. These data, includ-
ing drug prescription data, were not available before 2021,
which is why we could only analyze a period after the refer-
ral (2021-2022). In the clinical routine data, diagnoses
are coded by ICD-10-GM [29], and drugs are coded with
the ATC classification system [24]. The Bonn University

Hospital data integration center pseudonymized data fol-
lowing hospital and federal regulations and only provided
access to clinical staff (authors DD and MS) from onsite
facilities. After analysis in a secure environment separated
from the hospital network, results were reviewed by the
data integration center coordinators (including author JG)
to ensure patient data protection, and only non-identifiable,
aggregated results were approved for export and handed over
to the co-authors.

2.3.2 ldentification of Clinical Routine Cases

We identified all patients hospitalized between 01 January
2021 and 31 December 2022 who were exposed to fluoroqui-
nolones (ATC code JOIM [24]) (n = 1724 patients, n = 1989
cases) or amoxicillin, cefuroxime, azithromycin, clindamy-
cin, amoxicillin/clavulanic acid, cephalexin, doxycycline, or
cotrimoxazole (n = 5206 patients, n = 6329 cases) (Fig. 1).
As with the spontaneous reports, the comparator group
was also restricted to cases with cotrimoxazole exposure
(n = 1649 patients, n = 2490 cases). The comparative analy-
sis with the entire comparator group is shown in Supple-
mentary Information 2 (see ESM). Note that intensive care
units were not included and that a patient could be admitted
to the University Hospital Bonn more than once during the
analyzed period.

2.3.3 Descriptive Analyses of Clinical Routine Cases

The identified clinical routine cases were analyzed with
regard to the demographics of the patients, the type of
hospital admissions (e.g., as an emergency), the drugs
most frequently administered, the diagnoses most fre-
quently reported, the duration of hospital stay, and the
type of discharge diagnoses from the hospital. We identi-
fied all patients with diagnoses of aortic aneurysms, retinal
detachments, cardiac arrhythmias, peripheral polyneuropa-
thies, nervous system disorders, toxic liver diseases, and
non-traumatic injuries of muscles, tendons, and synovialis
after the first fluoroquinolone or cotrimoxazole exposure
(the respective ICD-10 codes for identification of these
diagnoses are shown in Supplementary Information 3 in
the ESM) (Fig. 2). Patients in whom the corresponding
diagnoses occurred before first fluoroquinolone or cotri-
moxazole exposure documented in EHRs were excluded.
We determined the number of days between the first fluo-
roquinolone or cotrimoxazole exposure and the first occur-
rence of the respective diagnoses.

To identify the drugs most frequently administered, all
drug prescriptions with an application process stated as
having been “carried out” were analyzed. Drug prescrip-
tions with an application process stated as “ongoing” or
“not carried out” were not considered.
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The analysis of diagnoses represents all previous, con-
comitant, and acute illnesses that required any treatment
in the hospital wards. Note that only recorded diagnoses
but not laboratory parameters were taken into account.

2.3.4 Statistical Analyses of Clinical Routine Data

Means with standard deviations (SDs) and medians with
interquartile ranges (IQRs) were calculated for patients’
age, the number of days between first exposure to the
respective drug and the occurrence of the diagnoses, and
the duration of the hospital stay. Frequency distributions
with percentages were calculated for all other criteria.

2.3.5 Logistic Regression Analyses of Clinical Routine Cases

Logistic regression analyses were performed for fluoroqui-
nolones versus cotrimoxazole as outcome variables, and age
(> 64 years), sex, aortic aneurysms, cardiac arrhythmias,
peripheral polyneuropathies, nervous system disorders, toxic
liver diseases, and non-traumatic injuries of muscles, ten-
dons, and synovialis as covariates. Results obtained from
logistic regression analyses are reported in terms of OR with
95% CI. If the lower CI exceeded 1, the specific diagnosis
was assumed to be more frequently recorded for fluoro-
quinolones. If the upper CI was lower than 1, the specific
diagnosis was assumed to be more frequently recorded for
cotrimoxazole.

3 Results

3.1 Analyses of Spontaneous ADR Reports From
EudraVigilance

3.1.1 Descriptive Analyses of the Spontaneous ADR
Reports Before and After the Referral

Patients in the fluoroquinolone reports were slightly younger
than those in the cotrimoxazole reports in both peri-
ods (2014-2019: 54.9 vs 56.1; 2020-2022: 52.1 vs 53.0)
(Table 1). In fluoroquinolone and cotrimoxazole reports,
patients of reports received between 2020 and 2022 were
marginally younger than patients of reports received between
2014 and 2019. More females were included in cotrimoxa-
zole compared with fluoroquinolones reports (2014-2019:
70.2% vs 58.4%, 2020-2022: 70.2% vs 62.3%). In fluoro-
quinolone and cotrimoxazole reports, hypertension, urinary
tract infections, and drug hypersensitivities or allergies
ranked among the patients’ most frequently reported medi-
cal histories. The proportion of serious reports decreased
for fluoroquinolone (—13.5%) and cotrimoxazole reports
(—18.3%) between the analyzed periods. An increase in the
proportion of reports from consumers (fluoroquinolones:
+17.8%, cotrimoxazole: +22.9%) and a decrease in the pro-
portion of reports from all other health care professionals
was seen for fluoroquinolone and cotrimoxazole reports over
time. Ciprofloxacin was the fluoroquinolone most frequently
reported as suspected/interacting followed by levofloxacin.
The proportion of moxifloxacin reports (— 4.5%) decreased
while that of ofloxacin reports (+ 5.4%) increased in the
time period 2014-2019 compared with the time period
2020-2022. Urinary tract infection was the indication most

comparator group

Day of exposure to fluroquinolones,
cotrimoxazole or antibiotics of the entire

Day of hospital admission to v

Day of discharge from

University Hospital Bonn

University Hospital Bonn

Exclusion of patients with
respective diagnoses
before exposure to
fluroquinolones,
cotrimoxazole or
antibiotics of the entire
comparator group

Identification of patients
with respective
diagnoses after first
exposure to
fluoroquinolones,
cotrimoxazole or
antibiotics of the entire
comparator group

Fig. 2 Identification of patients with respective diagnoses in clinical routine cases considering the date of diagnoses and drug intake
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frequently reported in fluoroquinolone and cotrimoxazole
reports in both periods. In comparison, ADRs related to
muscle and tendon disorders occurred as the most frequently
reported ADRs in fluoroquinolone reports in both periods,
while gastrointestinal and skin-related ADRs were com-
monly reported in cotrimoxazole reports.

Table 1 shows the descriptive analyses of the demograph-
ical parameters of the patients, the seriousness criteria of
the ADR reports, the primary reporting source and the most
frequently reported patients’ histories, drugs reported as
suspected/interacting, drug indications, and ADRs in fluo-
roquinolones and cotrimoxazole reports.

3.1.2 Logistic Regression Analyses of the Specific ADRs
in the ADR Reports Comparing Fluoroquinolone
and Cotrimoxazole Reports

Aortic aneurysms and retinal detachments were only
reported in fluoroquinolone reports (2014-2019: n = 5,
n =15; 2020-2022: n = 3, n = 0, respectively) (Table 2).
Cardiac arrhythmias were more frequently reported in fluo-
roquinolone compared with cotrimoxazole reports between
2014 and 2019 (OR 2.0 [1.2-3.4]), but not between 2020
and 2022 (OR 1.1 [0.6-2.0]). Peripheral polyneuropa-
thies (2014-2019: OR 2.2 [1.4-3.6], 2020-2022: OR 2.9
[1.8—4.7]), nervous system disorders (2014-2019: OR 2.1
[1.3-3.5],2020-2022: OR 3.4 [1.8-6.2]) and non-traumatic
injuries of muscles, tendons, and synovialis (2014-2019:
OR 14.0 [7.6-25.8], 2020-2022: OR 8.1 [4.7-14.0]) were
clearly more often reported in fluoroquinolones compared
with cotrimoxazole reports in both periods. Toxic liver
diseases were almost equally often described for fluoro-
quinolones and cotrimoxazole reports (2014-2019: OR 1.2
[0.5-2.8], 2020-2022: OR 1.4 [0.4-4.6]).

Table 2 shows the results of the logistic regression anal-
yses before and after the referral. If the lower confidence
interval exceeds 1, the specific ADR was assumed to be
more frequently reported for fluoroquinolones. If the upper
confidence interval is lower than 1, the specific ADR was
assumed to be more frequently reported for cotrimoxazole.

3.1.3 Sex-Stratified Analysis of the Specific ADRs
in Fluoroquinolone Reports

In fluoroquinolone reports of both periods combined, nerv-
ous system disorders (OR 1.23 [1.03—1.47]) and peripheral
neuropathies (OR 1.23 [1.05-145]) were more frequently
reported for females compared with males (Fig. 3). In con-
trast, non-traumatic injuries of muscle, tendon, and synovia-
lis (OR 0.78 [0.67-0.90]) were more commonly described
in reports for males compared with females. No differ-
ence between the sexes was found for toxic liver diseases

(OR 1.08 [0.66—-1.74]) and cardiac arrhythmias (OR 1.22
[0.98-1.51)).

Figure 3 shows the odds ratios (ORs) and their 95%
confidence intervals (CIs) concerning the specific adverse
drug reactions (ADRs) in the sex-stratified analysis. ORs
were calculated by logistic regression analysis. If the lower
CI exceeded 1, the specific ADR was assumed to be more
frequently reported for females. If the upper CI was lower
than 1, the specific ADR was assumed to be more frequently
reported for males

3.1.4 Fluoroquinolone-Stratified Analyses of the Specific
ADRs in Fluoroquinolone Reports

For both periods combined, peripheral neuropathies and
nervous system disorders were more frequently reported for
ciprofloxacin compared with levofloxacin and moxifloxa-
cin (Fig. 4). In addition, non-traumatic injuries of muscle,
tendon, and synovialis were more commonly described in
ciprofloxacin compared with moxifloxacin and ofloxacin
reports. Non-traumatic injuries of muscle, tendon, and
synovialis were clearly more often reported for levofloxacin
compared with ciprofloxacin, moxifloxacin, and ofloxacin.
Cardiac arrhythmias and toxic liver diseases were more fre-
quently reported for moxifloxacin compared with ciprofloxa-
cin, levofloxacin, and ofloxacin.

Figure 4 shows the odds ratios (ORs) and their 95% con-
fidence intervals (CIs) concerning the specific adverse drug
reactions (ADRs) in the fluoroquinolone-stratified analyses.
ORs were calculated by logistic regression analysis. If the
lower CI exceeded 1, the specific ADR was assumed to be
more frequently reported for the respective fluoroquinolone
under consideration. If the upper CI was lower than 1, the
specific ADR was assumed to be more frequently reported
for the respective other fluoroquinolone under consideration

3.2 Number of Spontaneous ADR Reports
from EudraVigilance in Relation to the Number
of Drug Prescriptions Provided by the Central
Research Institute for Ambulatory Health Care
in Germany

3.2.1 Number of Spontaneous ADR Reports, Number
of Outpatient Drug Prescriptions, and Reporting
Rates Per Year

The number of fluoroquinolone reports increased 3.8-
fold (219-828 reports) and the number of cotrimoxazole
reports increased 4.2-fold (26—109 reports) from 2014 to
2019 (Supplementary Information 4, see ESM). Between
2020 and 2022, the number of fluoroquinolone and cotri-
moxazole reports declined 2.1-fold (460-224 reports) and
1.4-fold (107-75). While the number of fluoroquinolone
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Table 1 Descriptive analyses of fluoroquinolone and cotrimoxazole reports before and after the referral

Period 2014-2019 (before referral) 2020-2022 (after referral)
Fluoroquinolones Cotrimoxazole (n =299)  Fluoroquinolones Cotrimoxazole (n = 275)
(n =2575) (n=967)

Demographical parameters of the patients

Mean age (+ SD) 54.9 (£17.3) 56.1 (£19.3) 52.1 (x£17.8) 53 (+20.0)

Median age [IQR] 55.0 [42-69] 59.0 [39-72] 52.0 [37-66] 55.0 [35-75]

Female
Male
Sex NA

58.4% (n = 1504)
40.8% (n = 1050)
0.8% (n=21)

70.2% (n = 210)
28.8% (n = 86)
1.0% (n=3)

The three most frequently reported histories of the patients (PT level)*

NA
1.

3.

412% (n = 1062)

10.3% hypertension
(n =265)

4.3% urinary tract infec-
tions (n = 111)

3.7% drug hypersensitivity
(n=95)

Seriousness criteria of the ADR reports®

Serious

Death

Life-threatening
Hospitalization

Disabling

Primary reporting sources®
Physicians

Pharmacists

Other HCPs

Consumers

433% (n=1114)
1.6% (n = 41)
3.6% (n = 93)
16.2% (n = 416)
6.9% (n = 178)

21.4% (n = 552)
15.6% (n = 401)
2.0% (n = 52)
48.4% (n = 1247)

35.5% (n = 106)

11.4% hypertension
(n=134)

6.0% urinary tract infec-
tions (n = 18)

4.7% drug hypersensitivity

(n=14)

44.8% (n = 134)
2.0% (n = 6)
6.7% (n = 20)
24.4% (n="T3)
03% (n=1)

27.1% (n=81)
23.1% (n = 69)
4.0% (n=12)
41.5% (n = 124)

The five drugs most frequently reported as suspected/interacting®

1.

4.
5.

58.4% ciprofloxacin
(n = 1505)

26.7% levofloxacin
(n=687)

11.3% moxifloxacin
(n=290)

4.5% ofloxacin (n= 116)

2.8% norfloxacin (n = 72)

100.0% cotrimoxazole
(n=299)

3.3% ciprofloxacin
(n=10)

2.7% mycophenolate
mofetil (n = 8)

2.7% valganciclovir (n= 8)

2.3% tacrolimus (n = 7)

62.3% (n = 602)
37.5% (n = 363)
0.2% (n =2)

33.4% (n = 323)
9.3% drug hypersensitivity
(n=90)

7.4% hypertension
(n=172)

6.2% seasonal allergy
(n = 60)

29.8% (n = 288)

0.5% (n=5)
2.0% (n = 19)
10.8% (n = 104)
2.5% (n = 24)

14.8% (n = 143)
8.9% (n = 86)
1.3% (n = 13)
66.2% (n = 640)

58.2% ciprofloxacin
(n =563)
24.4% levofloxacin
(n =236)
9.9% ofloxacin (n = 96)

6.7% moxifloxacin (n= 65)
2.8% norfloxacin (n = 27)

The five indications of fluoroquinolones or cotrimoxazole most frequently reported (PT level)*®

NA
1.

25.6% (n = 659)

12.1% urinary tract infec-
tion (n = 312)
6.1% bronchitis (n = 158)

5.4% cystitis noninfective
(n=138)
5.3% cystitis (n = 136)

4.3% pneumonia (n = 112)

The five ADRs most frequently reported (PT level)t

1.

20.6% arthralgia (n = 530)

30.8% (n=92)

20.4% urinary tract infec-
tions (n = 61)
8.7% cystitis (n = 26)

8.4% cystitis noninfective
(n=25)

2.3% antifungal prophy-
laxis (n=17)

2.0% prophylaxis (n = 6)

14.0% nausea (n = 42)

24.3% (n = 235)

10.0% urinary tract infec-
tion (n =97)

7.4% cystitis noninfective
(n=174)

5.4% cystitis (n = 52)

3.4% prostatitis (n = 33)
2.6% diverticulitis

(n=25)

21.5% tendon pain
(n =208)

70.2% (n = 193)
29.8% (n = 82)
0.0% (n=0)

37.5% (n = 103)

9.1% drug hypersensitivity
(n =125)

8.7% hypertension (n = 24)

6.9% urinary tract infection
(n=19)

26.5% (n="73)
0.7% (n=2)
25% (n="17)
16.4% (n = 45)
0.4% (n=1)

15.6% (n = 43)
13.5% (n = 37)
1.8% (n=5)
64.4% (n = 177)

100.0% cotrimoxazole
1.8% torasemide (n = 5)

All other drugs <5 reports

42.5% (n = 117)

13.5% urinary tract infec-
tions (n = 37)

8.4% cystitis noninfective
(n=23)
6.9% cystitis (n = 19)

2.5% prophylaxis (n = 7)

1.8% antifungal prophylaxis
(n=5)

1.8% pyelonephritis (n = 5)

16.7% nausea (n = 46)
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Table 1 (continued)

Period 2014-2019 (before referral) 2020-2022 (after referral)
Fluoroquinolones Cotrimoxazole (n =299)  Fluoroquinolones Cotrimoxazole (n = 275)
(n =2575) (n=967)

2. 19.9% tendon pain 12.0% pruritus (n = 36) 20.2% arthralgia (n = 195) 14.9% headache (n = 41)

(n=513)

3. 16.7% myalgia (n = 431) 10.4% headache (n =31)  19.2% myalgia (n = 186)  13.1% rash (n = 36)

12.7% dizziness (n = 328)  10.0% rash (n = 30) 14.2% pain in extremity 9.1% diarrhea (n = 25)
(n=137)
5. 11.8% fatigue (n = 303) 8.7% dizziness (n = 26) 13.8% fatigue (n = 133) 9.1% dizziness (n = 25)

ADRs adverse drug reactions, HCPs health care providers, /QR interquartile range, NA information was not available, PT level preferred term
level, SD standard deviation

The histories of the patients were analyzed based on the PT level of MedDRA terminology [22]. More than one history can be reported per
ADR report. Thus, the number of histories reported may exceed the number of reports. NA in respect of the patient’s history means that the
patient did not have any comorbidities or that the patient’s history was not provided

The analysis of seriousness criteria is based on the legal definition [19]. Note that more than one seriousness criterion can be reported per ADR
report

“The primary reporting source describes the person/s who reported the ADR. One ADR report can be reported by more than one person (with
different qualifications). The table shows the number of reports provided by one reporting source only

4More than one drug can be reported as suspected/interacting per ADR report. Thus, the number of drugs may exceed the number of ADR
reports. Note that in the case of reports with fluoroquinolones reported as suspected/interacting, the most frequently reported drugs were fluoro-
quinolones. In the case of reports in which cotrimoxazole was reported as suspected/interacting also, other antibiotics and non-antibiotic drugs

appear among the most frequently reported drugs

°The indications of fluoroquinolones or cotrimoxazole therapy were analyzed based on the PT level of MedDRA terminology [22]
'The ADRs were analyzed based on the PT level of MedDRA terminology [22]. Note that more than one ADR can be reported per ADR report.

Thus, the number of ADRs may exceed the number of reports

prescriptions decreased between 2014 and 2021, especially
ciprofloxacin and levofloxacin prescriptions after 2019, the
number of cotrimoxazole prescriptions was relatively con-
stant with a slight increase in 2019 and a slight decrease
in 2020. The reporting rates (number of spontaneous ADR
reports/number of outpatient drug prescriptions) for cipro-
floxacin, levofloxacin, moxifloxacin, and norfloxacin clearly
increased until 2019 and decreased afterward, while the
reporting rates for ofloxacin and cotrimoxazole were rela-
tively constant (Fig. 5).

Figure 5 shows the number of spontaneous ADR reports
per 100,000 prescriptions per year (reporting rate). Report-
ing rates were calculated by dividing the respective number
of spontaneous ADR reports from EudraVigilance by the
respective number of outpatient prescriptions provided by
the Central Research Institute for Ambulatory Health Care
in Germany.

3.2.2 Number of Spontaneous ADR Reports
from EudraVigilance per 100,000 Outpatient Drug
Prescriptions for the Specific ADRs

All outcomes, especially non-traumatic injuries of mus-
cles, tendons, and synovialis, peripheral polyneuropathies,

and nervous system disorders, were more frequently
reported for fluoroquinolones compared with cotrimox-
azole per 100,000 outpatient drug prescriptions in both
periods (Table 3). The highest reporting rates were cal-
culated for non-traumatic injuries of muscles, tendons,
and synovialis per 100,000 fluoroquinolone prescriptions
(2014-2019: 2.8 reports per 100,000 outpatient drug pre-
scriptions, 2020-2021: 4.4 reports per 100,000 outpatient
drug prescriptions).

Table 3 shows the number of spontaneous ADR reports
for the specific ADRs per 100,000 outpatient fluoroqui-
nolones or cotrimoxazole prescriptions (reporting rates)
before and after the referral. Odds ratios were calculated
to investigate whether the specific ADRs were more fre-
quently reported for fluoroquinolones compared with cot-
rimoxazole taking the number of outpatient prescriptions
into account. If the lower confidence interval exceeds
1, the specific ADR was assumed to be more frequently
reported for fluoroquinolones. If the upper confidence
interval is lower than 1, the specific ADR was assumed to
be more frequently reported for cotrimoxazole.
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Table 2 Logistic regression analyses of the analyzed ADRSs in fluoroquinolones and cotrimoxazole reports before and after the referral

Period

Analyzed variables

2014-2019 (before referral)

2020-2022 (after referral)

Fluoroquinolones

Cotrimoxazole

Logistic regres-

Fluoroquinolo-

Cotrimoxazole

Logistic regression

(n =2559)* (n = 283)* sion analysis: OR  nes (n=963)¢ (n=271)° analysis: OR [+95%
[+95% CII° cIpP

Age (> 64 years) 32.4% (n = 828) 41.0% (n = 116) 0.9 [0.7-1.2] 27.7% (n=267) 32.5% (n = 88) 1.1 [0.8-1.5]

Female 58.3% (n=1492) 70.0% (n = 198) 0.6 [0.5-0.8] 62.3% (n=600) 70.5% (n=191) 0.7 [0.5-1.0]

Aortic aneurysms? 0.2% (n=15) 0.0% (n=0) - 0.3% (n=13) 0.0% (n=0) -

Retinal 0.2% (n=15) 0.0% (n=1) - 0.0% (n=0) 0.0% (n=0) -
detachments*

Cardiac 13.6% (n = 348) 6.0% (n=17) 2.0[1.2-3.4] 10.6% (n=102) 6.6% (n=18) 1.1 [0.6-2.0]
arrhythmias?

Peripheral 26.9% (n = 689) 7.4% (n=21) 2.2 [1.4-3.6] 323% (n=311) 8.1% (n=22) 2.9[1.84.7]
polyneuropathies®

Nervous system 20.9% (n = 535) 7.8% (n =22) 2.1[1.3-3.3] 20.5% (n=197) 4.8% (n =13) 3.411.8-6.2]
disorders

Non-traumatic 42.6% (n=1091) 3.9% (n=11) 14.0 [7.6-25.8] 39.8% (n=383) 5.5% (n=15) 8.1 [4.7-14.0]
injuries of muscle,
tendon and
synovialis?

Toxic liver diseases?  2.3% (n = 59) 2.5% (n=17) 1.2 [0.5-2.8] 1.6% (n=15) 1.5% (n=4) 1.4 [0.44.6]

ADRs adverse drug reactions, CI confidence interval, OR odds ratio

n 16 reports, fluoroquinolones and cotrimoxazole were reported as suspected/interacting; thus, these reports were excluded from logistic
regression analysis

®In logistic regression analyses, fluoroquinolones and cotrimoxazole were considered as outcome variables, and age (> 64 years), sex, cardiac
arrhythmias, peripheral polyneuropathies, nervous system disorders, non-traumatic injuries of muscle, tendon, and synovialis, and toxic liver
diseases as covariates. Aortic aneurysms and retinal detachments were not included in the logistic regression models since neither of these ADRs
were reported in cotrimoxazole reports

“In 4 reports, fluoroquinolones and cotrimoxazole were reported as suspected/interacting. Thus, these reports were excluded from logistic regres-
sion analysis

4For a more detailed description of the identification of the respective ADRs, see Supplementary Information 3 in the electronic supplementary

material (ESM)

3.3 Analyses of Clinical Routine Cases
from the University Hospital Bonn

3.3.1 Descriptive Analysis of Clinical Routine Cases

Patients exposed to fluoroquinolones or cotrimoxazole
were on average 68.0 and 65.0 years old (Table 4). Fewer
females than males were exposed to fluoroquinolones
(44.4% vs 55.6%) and cotrimoxazole (45.5% vs 54.5%).
Ciprofloxacin was the fluoroquinolone most frequently
prescribed (77.8% of fluoroquinolone-exposed patients)
and pantoprazole was the most frequently applied
non-anti-infective drug in both groups. Concerning the
diagnoses, urinary tract infections and essential hyper-
tension were the most frequently recorded diagnoses in
patients exposed to fluoroquinolones and cotrimoxazole.

Table 4 shows the descriptive analyses of the demo-
graphics of the patients, types of hospital admissions,
duration of hospital stay, the three most frequently
recorded types of discharge diagnoses, the five most
frequently applied drugs and the five most frequently
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recorded diagnoses of fluoroquinolone- and cotrimoxa-
zole-exposed patients.

3.3.2 Logistic Regression Analysis of the Specific Diagnoses
in Clinical Routine Cases

Patients exposed to fluoroquinolones were more often
older than 64 years compared with those exposed to
cotrimoxazole (OR 1.37 [1.21-1.54]). None of the ana-
lyzed specific diagnoses were recorded more frequently
in patients exposed to fluoroquinolones or cotrimoxazole.
However, considering only the effect estimates without
the associated confidence intervals, a tendency towards
a higher risk of aortic aneurysms of fluoroquinolone-
exposed compared with cotrimoxazole-exposed patients
could be assumed (Table 5).

Table 5 shows the results of the logistic regression
analysis in clinical routine cases of patients admitted to
the University Hospital Bonn in 2021 and 2022. If the
lower confidence interval exceeds 1, the specific diag-
noses were assumed to be more frequently recorded in
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Fig.3 Sex-stratified analysis of the specific ADRs

fluoroquinolone-exposed patients. If the upper confi-
dence interval is lower than 1, the specific diagnoses were
assumed to be more frequently recorded in cotrimoxazole-
exposed patients.

4 Discussion

To the best of our knowledge, this is the first analysis of
spontaneous ADR reports of fluoroquinolones investigat-
ing differences in reported characteristics before and after
the referral. Only minor differences in the characteristics
of reports were observed before and after the referral.
Females and males seemed to be more prone to develop
specific ADRs, respectively. Differences concerning the
ADRs were observed between individual fluoroquinolones.

4.1 Analyses of Characteristics Reported
in Fluoroquinolone Reports Before and After
the Referral

It may be speculated that high-risk groups (e.g., older
patients) were less often treated with fluoroquinolones
after the restriction of use following the referral of the

EMA [12], explaining the younger age of patients (roughly
3 years younger) in the reports after (2020-2022) com-
pared with before (2014-2019) the referral. This may
also account for the lower proportion of serious fluoro-
quinolone reports after compared with before the refer-
ral. However, the lower proportion of serious reports
may also result from the general increase in non-serious
reports from consumers in recent years, as observed in
other studies [30, 31], and may be related to amendments
of the regulatory obligations with regard to forwarding
non-serious ADR reports by pharmaceutical companies to
the European Medicines Agency [32]. Urinary tract infec-
tion remained the most frequently reported indication with
fluoroquinolone therapy after the referral (also assumed
based on the clinical routine data). We cannot evaluate the
severity of the treated urinary tract infections; however,
this could indicate that the restrictions [12] to use fluoro-
quinolones only for complicated urinary tract infections
but not for uncomplicated urinary tract infections have not
been complied with.
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Fig.4 Fluoroquinolone-strat-
ified analyses of the specific
ADRs
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Table 3 Number of spontaneous ADR reports for the specific ADRs per 100,000 outpatient fluoroquinolone or cotrimoxazole prescriptions

Reporting rate per 100,000 outpatient prescriptions®

Period 2014-2019 (before referral) 20202021 (after referral)®
Fluoroquinolones Cotrimoxazole OR [+ 95% CI]¢ Fluoroquinolones Cotrimoxazole OR [+ 95% CI]¢
(n = 38,996,900 (n = 8,200,422 (n =6,591,767 (n = 2,424,560
outpatient prescrip- outpatient prescrip- outpatient prescrip- outpatient prescrip-
tions) tions) tions) tion)
Cardiac 0.9 0.2 4.3 [2.6-7.0] 1.2 0.5 2.2[1.2-3.9]
arrhythmias
Peripheral 1.8 0.3 6.9 [4.5-10.7] 3.5 0.7 5.3[3.2-8.9]
polyneuropathies!
Nervous system 1.4 0.3 5.1[3.3-7.8] 2.4 0.5 4.8 [2.7-8.7]
disorders?
Non-traumatic 2.8 0.1 20.9 [11.5-37.8] 4.4 0.5 8.9 [5.0-15.8]
injuries of mus-
cle, tendon, and
synovialis?
Toxic liver 0.2 0.1 1.8 [0.8-3.9] 0.2 0.1 2.4 [0.5-10.6]

diseases?

CI confidence interval, OR odds ratio

*The reporting rate is calculated by dividing the respective number of spontaneous ADR reports by the respective number of outpatient prescrip-
tions. The reporting rate is presented as the number of spontaneous ADR reports per 100,000 outpatient prescriptions

®Qutpatient prescriptions were not yet fully available for 2022 at the time of the analysis; thus, reporting rates were calculated for the period

2020-2021

°0Odds ratios and their 95% confidence intervals were calculated using two-by-two tables

4For a more detailed description of the identification of the respective ADRs see Supplementary Information 3

4.2 Number of Reporting Rates
and Fluoroquinolone Outpatient Prescriptions
in Germany

The considerable increase in the number of fluoroquinolone
reports per 100,000 outpatient fluoroquinolone prescriptions
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(reporting rate) between 2014 and 2019 might be related

to stimulated reporting due to the referral and Dear Doctor

letters [6-9, 12] increasing awareness and reporting of (spe-
cific) ADRs of fluoroquinolones. The general rise of ADR

reports in EudraVigilance during this period [20, 31], espe-
cially after 2017, may also have contributed to an unknown
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Table 4 Descriptive analyses of fluoroquinolone- and cotrimoxazole-exposed patients in clinical routine cases

Period: 2021-2022

Fluoroquinolone exposure

Cotrimoxazole exposure

Number of patients?
Number of cases
Demographical parameters
Mean age (+SD)
Median age [IQR]
Female
Male
Type of hospital admission
Information available®

By physician

By emergency

By transfer (duration < 24 h in the transfer-

ring hospital)

Duration of hospital stay
Mean number of days (+SD)
Median number of days [IQR]

1724
989

68.0 (+16.2)
68.0 [57-79]
44.4% (n = 883)
55.6% (n = 1106)

99,3% (n = 1975)
40.7% (n = 809)
47.7% (n = 948)
11.0% (n = 218)

12 (+24.8)
12 (6-24)

The three most frequently coded types of discharge diagnoses

Information available
Treatment regularly finished
Death

Transfer to another hospital

99.3% (n = 1975)
84.3% (n = 1677)
5.5% (n = 109)
4.3% (n = 86)

The five most frequently prescribed drugs (status—completed)*

2
3.
4.
5
The five most frequently coded diagnoses®
1.

5.

79.0% pantoprazole (n = 1572)
77.8% ciprofloxacin (n = 1548)
53.3% enoxaparin (n = 1060)
51.7% metamizole (n = 1029)
42.2% torasemide (n = 839)

29.2% urinary tract infections, location
unknown (n = 580)

25.7% essential hypertension (n = 512)

25.6% Escherichia coli and other Enterobacte-

rales (n = 509)

23.8% hypokalemia (n = 474)
17.4% acute bleeding anemia (n = 359)

1649
2490

65.0 (+16.3)
65.0 [55-75]
45.5% (n = 1133)
54.5% (n = 1357)

99.3% (n = 2472)
59.4% (n = 1480)
31.8% (n = 792)
8.0% (n = 200)

10 (+22.9)
10 (4-22)

99.2% (n = 2470)
87.7% (n = 2184)
3.7% (n = 92)
3.0% (n = 175)

100.0% cotrimoxazole (n = 2490)
80.0% pantoprazole (n = 1991)
62.0% enoxaparin (n = 1543)
42.0% metamizole (n = 1045)
41.6% aciclovir (n = 1037)

31.7% essential hypertension (n = 790)

29.0% urinary tract infections, location
unknown (n = 723)

19.1% Escherichia coli and other Enterobacte-
rales (n = 475)

15.7% hypokalemia (n = 390)
12.8% secondary thrombocytopenia (n = 319)

IQR interquartile range, SD standard deviation

*Note that one patient could be admitted more than once to the University Hospital Bonn during the analyzed period of time

®The admission to the University Hospital Bonn could have taken place as an emergency, as a referral from another hospital or by a physician

“The drugs most frequently used were identified by analyzing all prescribed drugs for which the application process was stated as “carried out”
(status completed). Drug prescriptions for which the application process was stated as “ongoing” or “not performed” were not considered

4Only the five most frequent diagnoses of diseases are presented. Laboratory tests and drug exposures in patient anamnesis were not taken into

account
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Table 5 Logistic regression analysis of specific diagnoses in clinical routine cases

Analyzed covariates Period: 2021-2022

Fluoroquinolone (n = 1933)?

Cotrimoxazole (n = 2429)* Logistic regression
analysis: OR [+ 95%

cIpP

Age (> 64 years) 58.8% (n = 1137)

Female 45.0% (n = 870)
Aortic aneurysms® 04% (n=17)
Retinal detachments® 0.0% (n = 0)
Cardiac arrhythmias® 7.0% (n = 135)
Peripheral neuropathies® 1.4% (n=27)
Nervous system disorders® 3.3% (n = 63)
Non-traumatic injuries of muscle, 0.5% (n=9)
tendon, and synovialis®
Toxic liver diseases® 0.2% (n=3)

51.1% (n = 1242)
45.7% (n = 1,109)

1.37 [1.21-1.54]
0.97 [0.86-1.09]

0.1% (n=1) 2.58 [0.66-10.02]
0.0% (n = 0) -

6.3% (n = 153) 1.04 [0.81-1.32]
1.6% (n = 40) 0.79 [0.48-1.30]
3.2% (n=178) 1.00 [0.71-1.40]
0.5% (n = 13) 0.84 [0.36-1.97]
0.3% (n = 8) 0.45 [0.12-1.70]

Cases in which the patient’s age was unknown were excluded from logistic regression analysis

®In logistic regression analysis, fluoroquinolone and cotrimoxazole exposures were considered as outcome variables, and age (> 64 years), sex,
aortic aneurysms, cardiac arrhythmias, peripheral polyneuropathies, nervous system disorders, non-traumatic injuries of muscle, tendon, and
synovialis, and toxic liver diseases as covariates. Retinal detachments were not included in the logistic regression model because retinal detach-
ments were not observed after fluoroquinolone or cotrimoxazole exposure in clinical routine cases

“For a more detailed description of the identification of the respective diagnoses, see Supplementary Information 3 in the electronic supplemen-
tary material (ESM). Cases in which patients were exposed to fluoroquinolones and cotrimoxazole before the respective diagnoses were not

considered

extent since the increase was also seen for cotrimoxazole.
However, stimulated reporting seems likely since the num-
ber of fluoroquinolone reports per 100,000 outpatient drug
prescriptions dropped clearly after 2019.

In Germany, the number of outpatient fluoroquinolone
prescriptions decreased between 2014 and 2021. This may
be related to the restrictions from the EMA [12], national
initiatives to reduce antibiotic prescriptions [33-35] and
their decrease of use in general [36], as well as a further
decrease of antibiotic prescriptions during the COVID-
19 pandemic between 2020 and 2021 [37, 38]. Analyses
of fluoroquinolone prescriptions via the publicly available
PharMaAnalyst database [39] showed an increasing num-
ber of fluoroquinolone prescriptions again in 2022. A recent
study of primary care settings from six European countries
(Belgium, France, Germany, the Netherlands, Spain, and the
United Kingdom) between 2016 and 2021 suggested that
despite the restriction of use, these measurements had only
a modest impact on prescribing trends [40]. For this reason,
the EMA published a reminder of the measures to reduce
the risk of long-lasting, disabling, and potentially irrevers-
ible ADRs to fluoroquinolones and a respective Direct
Healthcare Professional Communication (DHPC) was sent
to healthcare professionals in the EU [41].
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4.3 Analyses of Specific ADRs Before and After
the Referral, for Females and Males
and Individual Fluoroquinolones

The small number of reports describing aortic aneurysms
(n = 8) and retinal detachments (n = 5) may be related to
the fact that both ADRs are assumed to occur rarely [42, 43].
Additionally, since both may occur months after the fluoro-
quinolone therapy, recognizing these conditions as ADRs
of fluoroquinolone therapy may be challenging. Neither
of these two ADRs were reported for cotrimoxazole or the
entire comparator group. Hence, they could not be included
in the logistic regression models of the spontaneous report
analyses. In the clinical routine data, a higher risk of aortic
aneurysms for fluoroquinolones compared with cotrimoxa-
zole or the entire comparator group may be assumed. This
finding would be in line with other studies [42—-44]. Con-
cerning risk factors, asking patients about family histories
of aortic aneurysms is of great importance, as this could
increase the risk of developing aortic aneurysms [13, 45].
In patients with family histories of aortic aneurysms and
patients with known aortic aneurysms, alternative antibiotics
may be considered as recommended by the EMA [45]. Con-
cerning retinal detachments, no cases with fluoroquinolone
exposure could be observed in clinical routine cases. The
literature is inconsistent whether there is a higher risk of reti-
nal detachments with fluoroquinolone therapy [44, 46, 47].
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Cardiac arrhythmias were also more frequently reported
for fluoroquinolones compared with amoxicillin in VigiBase,
which is the database of the World Health Organisation
(WHO) [48]. In our study, this was only the case before but
not after the referral. As in our study, others also observed
a higher risk of cardiac arrhythmias for moxifloxacin [10]
compared with amoxicillin [49] or compared with ciproflox-
acin and levofloxacin [10, 13, 50]. Additionally, a higher risk
for females to develop drug-induced cardiac arrhythmias (in
general) compared with males is described in literature [51].
In our study, only a higher tendency for females considering
the OR may be assumed. Alternative antibiotics might be
preferable when treating patients with pre-existing cardiac
disease, as already recommended by the EMA [52].

In literature, nervous system disorders including psychi-
atric disorders and peripheral polyneuropathies were dispro-
portionally more frequently reported for fluoroquinolones
in VigiBase (WHO database) [53], too. In Germany, more
females than males are diagnosed with depression [54, 55]
and females may generally be more prone to develop neuro-
pathic pain [56]. Both aspects may increase the risk of devel-
oping nervous system disorders and peripheral neuropathies
to fluoroquinolones, and might explain the higher number
of females than males with these ADRs in our analyses.
As in our study, both ADRs occurred more frequently for
ciprofloxacin than for other fluoroquinolones in other stud-
ies [11, 57]. Differences in the chemical structure between
the fluoroquinolones have been discussed to impact on their
central nervous system (CNS) activity. In particular, the sub-
stituent at C7 of ciprofloxacin might explain some of the
more frequent CNS effects of ciprofloxacin since it affects
y-aminobutyric acid (GABA) affinity [11]. The occurrence
of nervous system disorders may further be increased by
concomitant use of non-steroidal anti-inflammatory drugs
(NSAIDs) as also mentioned in the assessment report of
the EMA [58]. Because some NSAIDs are also available as
over-the-counter drugs, it may be considered that physicians
and pharmacists inform patients directly about the increased
risk when both drugs are used concomitantly.

Non-traumatic injuries of muscle, tendon, and synovia-
lis were more frequently reported for fluoroquinolone users
compared with non-users or users of other antibiotics in
other studies [14, 44], also. Alves et al. [14] reported in
their review a higher risk of tendinopathy for ofloxacin and
norfloxacin but not for ciprofloxacin and levofloxacin. In
contrast, Bidell and Lodise [59] reported in their review a
higher risk for levofloxacin and ofloxacin compared with
other fluoroquinolones in studies of varying study designs.
Since ofloxacin is a racemic mixture whose active ingredient
is levofloxacin [11], it seems likely that their ADR profile is
similar. A higher risk for patients with kidney diseases and
older patients with reduced renal function may be expected
since levofloxacin is eliminated via the kidneys [59]. Hence,

dose adjustment may be considered in these patients and
levofloxacin should be avoided in patients with severe renal
impairment as recommended in the summary of product
characteristics (SmPC) [60]. In our study, a higher risk for
non-traumatic injuries of muscle, tendon, and synovialis for
males compared with females was observed. In literature,
some studies also reported a higher risk for males [15, 16],
while others did not observe any sex-differences [61]. Fur-
ther studies are needed in order to confirm or rule out any
sex differences concerning non-traumatic injuries of muscle,
tendon, and synovialis found in our study.

Toxic liver diseases were equally often reported in fluo-
roquinolone and cotrimoxazole reports in our analysis. Con-
trary to our study, the risk of acute liver injury with fluo-
roquinolones was higher than for amoxicillin in a Swedish
registry [62]. A higher risk of toxic liver disease for moxi-
floxacin may be assumed based on our analysis. Toxic liver
diseases are known for moxifloxacin [52, 63, 64], however,
whether there is a higher risk compared with other fluoroqui-
nolones needs to be investigated in further studies.

The differences in the ADR profile of individual fluo-
roquinolones may be related to differences between the
chemical structures of fluoroquinolones, which also lead to
differences in bacterial activity and pharmacokinetics [11].
Thus, fluoroquinolones may not be interchangeable. Addi-
tionally, some patients may be more prone (e.g., based on
their comorbidities) to develop specific ADRs to individual
fluoroquinolones. The ADR profile and differences in the
efficacy regarding the bacterial activity have to be consid-
ered when selecting fluoroquinolones. Finally, other antibi-
otics may be more appropriate.

4.4 Different Results of Logistic Regression
Analyses of Spontaneous Reports and Clinical
Routine Cases

There are several reasons which might have led to the
observed difference between the results of the logistic
regression analyses of spontaneous reports and clinical
routine cases. First of all, the study populations differ sub-
stantially. The spontaneous ADR reports include patients
who developed an ADR as suspected by the reporter fol-
lowing outpatient and inpatient prescriptions of fluoroqui-
nolones from all over Germany. In contrast, the routine data
includes all inpatients from the University Hospital Bonn
with documented intra-hospital exposure to either fluoro-
quinolones or cotrimoxazole, not only those with suspected
ADRs, and do not include any outpatient data. In addition,
since drug therapy before hospital admission is unknown,
patients who were admitted to the hospital due to specific
ADRs to fluoroquinolones following outpatient prescriptions
are not covered. Some of the analyzed diagnoses may not
need in-hospital treatment or are less easily recognized by
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physicians such as subjectively perceived symptoms (e.g.,
mood swings) and patients may not have informed their phy-
sician about subjectively perceived symptoms for various
reasons. Also, the clinical routine data primarily covers the
duration of the hospital treatment, while the development of
possible ADRs such as those induced by possible connective
tissue effects may take longer than the typical duration of
hospital treatment for other unrelated causes, thus prevent-
ing detection of such ADRs in the routine data. Thus, theses
diagnoses may not be recorded or may be underestimated
in clinical routine cases or may be reported more often in
spontaneous ADR reports. Additionally, the time frames
of the analyses of spontaneous reports and clinical routine
cases differed which may also have impacted on the results.
Finally, ADRs in spontaneous ADR reports were identified
by selected MedDRA terms [22] and diagnoses in clinical
routine cases by selected ICD-10 codes [29] (see Supple-
mentary Information 3 in the ESM). The identification of the
respective ADRs or diagnoses is thus not identical.

4.5 Strengths and Limitations

The strength of our analysis is the inclusion of a very diverse
study population, such as older patients and patients with
comorbidities taking concomitant drugs [20], and the con-
sideration of two different databases.

One of the general limitations of spontaneous report
analyses is the unknown amount of underreporting [65],
which may also differ depending on the respective drug and
ADR [66]. In the case of our study, stimulated reporting [67]
for fluoroquinolones and underreporting for cotrimoxazole
may be possible and might have influenced our results, also
regarding specific ADRs. Since the exact number of patients
exposed to fluoroquinolones or the reference antibiotics is
unknown, too, incidences cannot be calculated based on
analyses of spontaneous reports [20]. In addition, it may be
possible that the Dear Doctor letters, which emerged before
and during our “before the referral” period, already had an
influence on the prescribing and reporting behavior of fluo-
roquinolones and their ADRs to an unknown extent. Fur-
ther, the quality of documentation of the ADR reports might
vary. Overall, a mean vigiGrade completeness score of 0.66
(% 0.25) was calculated [68]. The vigiGrade completeness
score is a measure to evaluate the completeness of structured
information provided in each ADR report and was originally
developed by the Uppsala Monitoring Center to analyze the
completeness of ADR reports included in VigiBase.

In the case of clinical routine data, the causal relation-
ship between the recorded diagnoses and drug exposure is
not established but may be assumed based on the chrono-
logical occurrence of an ADR following the administration
of a drug in a reasonable time frame. We have not assessed
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the causal relationship between the reported ADR(s) and
the suspected/interacting drug(s) in the spontaneous
reports either, however, unlike the clinical routine data,
all spontaneous reports are suspected cases of ADRs by
their intention. In contrast, the routine dataset includes all
patient records and diagnoses and is thus not specifically
constrained to cases with suspected or actual ADRs. Some
of the dates of diagnoses in clinical routine data may not
be correctly recorded and may have been recorded at dis-
charge from the hospital or afterward for billing purposes.
This is an inherent limitation of the clinical routine data,
which may lead to incorrect representation of the chrono-
logical sequence of exposure and potential ADRs as iden-
tified by ICD-10 codes, although we excluded diagnoses
recorded before first exposure from our analysis. Note that
only ICD-10 diagnoses but not the diagnostic surrogates
based on laboratory parameters were considered.

5 Conclusion

Just like the reminder of the EMA [41] based on prescrib-
ing trends of fluoroquinolones, our study also highlights
that there were only minor differences in the characteris-
tics of ADR reports (e.g., regarding indications) for fluoro-
quinolones before and after the referral. We also observed
a trend of increasing fluoroquinolone prescriptions in
2022 again [39], underlining the importance of adhering
to the recommended restrictions by the EMA [12]. In our
analyses, differences in developing specific ADRs between
individual fluoroquinolones were observed. This finding
may be explained by differences between individual fluo-
roquinolones or by differences between patient populations
with some patients (with specific co-morbidities) at higher
risk of developing specific ADRs to individual fluoroqui-
nolones. However, this needs to be confirmed in further
studies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40268-024-00499-x.
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