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Abstract Quinolones are a class of antibacterial agents for the treatment of several

infectious diseases (e.g. urinary and respiratory tract infections). They are
used worldwide due to their broad spectrum of activity, high bioavailability
and good safety profile. The safety profile varies from quinolone to quinolone.
The aim of this article was to review the neurological and psychiatric
adverse drug reaction (ADR) profile of quinolones, using a literature search
strategy designed to identify case reports and case series. A literature search
using PubMed/MEDLINE (from inception to 31 October 2010) was per-
formed to identify case reports and case series related to quinolone-associated
neurological and psychiatric ADRs. The search was conducted in two phases:
the first phase was the literature search and in the second phase relevant
articles were identified through review of the references of the selected arti-
cles. Relevant articles were defined as articles referring to adverse events/
reactions associated with the use of any quinolone. Abstracts referring to
animal studies, clinical trials and observational studies were excluded. Iden-
tified case reports were analysed by age group, sex, active substances, dosage,
concomitant medication, ambulatory or hospital-based event and seriousness,
after Medical Dictionary for Regulatory Activities (MedDRA®) coding.
From a total of 828 articles, 83 were identified as referring to nervous
system and/or psychiatric disorders induced by quinolones. 145 individual
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case reports were extracted from the 83 articles. 40.7% of the individual case
reports belonged to psychiatric disorders only, whereas 46.9% related to
neurological disorders only. Eight (5.5%) individual case reports presented
both neurological and psychiatric ADRs. Ciprofloxacin, ofloxacin and pe-
floxacin were the quinolones with more neurological and psychiatric ADRs
reported in the literature. Ciprofloxacin has been extensively used worldwide,
which may explain the higher number of reports, while for ofloxacin and
pefloxacin, the number of reports may be over-representative. A total of 232
ADRs were identified from the selected articles, with 206 of these related to
psychiatric and/or neurological ADRs. The other 26 were related to other
body systems but were reported together with the reactions of interest.
Mania, insomnia, acute psychosis and delirium were the most frequently re-
ported psychiatric adverse events; grand mal convulsion, confusional state,
convulsions and myoclonus were the most frequently reported neurological
adverse events.

Several aspects should be taken into account in the development of CNS
adverse effects, such as the pharmacokinetics of quinolones, chemical struc-
ture and quinolone uptake in the brain. These events may affect not only

susceptible patients but also ‘healthy’ patients.

1. Introduction

Quinolones are a class of antibacterial agents
used for the treatment of several infectious diseases
(e.g. urinary and respiratory tract infections). These
drugs are used worldwide due to their broad
spectrum of activity, high bioavailability and good
safety profile.l!l

Quinolones act by inhibiting type II topoisom-
erases DNA gyrase and topoisomerase [V. These
enzymes are involved in bacterial DNA synthesis,
being essential for bacterial DNA replication,
thereby enabling these agents to be specific and
bactericidal. Although some degree of overlap
may exist, DNA gyrase tends to be the primary
target for quinolones in Gram-negative organ-
isms, whereas topoisomerase IV is typically the
primary target in Gram-positive bacteria.?3

Nalidixic acid, a non-fluorinated drug, was
the first quinolone to be approved (in 1963, in the
US). Since then, structural modifications to the
quinolone nucleus and the side-chains produced
the first fluoroquinolones (norfloxacin and cipro-
floxacin), which have a fluorine atom attached to
the central ring system, typically at the 6-position
or C-7-position. Subsequent generations of
fluoroquinolones were developed to improve the
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antimicrobial coverage of the previous synthe-
sized fluoroquinolones — high activity against
Gram-negative species and atypical patho-
gens, and good-to-moderate activity against Gram-
positive species.['* Despite their broad spectrum
and clinical success, some fluoroquinolones were
withdrawn from worldwide markets because of
serious adverse drug reactions (ADRs), i.e. tema-
floxacin (serious idiosyncratic reactions, such as
haemolytic and aplastic anaemia), trovafloxacin
(hepatotoxicity), grepafloxacin (QTc interval
prolongation) and clinafloxacin (phototoxicity).
Gatifloxacin was recently removed from clinical
use because of the high incidence of hypo- and
hyperglycaemia.’®! Some fluoroquinolones are
unavailable in the US or other markets, or are
used with restrictions (e.g. moxifloxacin,['" nor-
floxacin'1). None of the fluoroquinolones were
withdrawn from the market because of neuro-
toxicity or psychiatric adverse events. Ciprofloxacin
and levofloxacin are currently marketed without
restrictions and thus are the most widely used
fluoroquinolones.

The structure of quinolones may influence the
safety profile of this drug class. Position 7 influ-
ences binding activity to GABA in the brain, while
positions 1 and 7 influence the drug’s potency,

Drug Saf 2011; 34 (6)
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pharmacokinetics and potential for interaction with
theophylline,''! which may account for differences in
CNS adverse events among quinolones. The risk of
seizures and other CNS adverse events may be in-
creased by an increased CNS penetration and either
an unsubstituted piperazine (e.g. ciprofloxacin,
enoxacin and norfloxacin) or pyrrolidine (e.g. tosu-
floxacin and clinafloxacin) group at position 7.1-1%1

1.1 Pharmacokinetics

Quinolones are well absorbed following oral
administration, with moderate to excellent bio-
availability (marginally affected by food), mod-
erate to long elimination half-lives (1.5-16 hours)
and volumes of distribution >1.5 L/kg. There are
differences in elimination patterns among quin-

olones, ranging from predominant renal excre-
tion (e.g. ofloxacin, levofloxacin, lomefloxacin,
gatifloxacin) to extensive hepatic metabolism (e.g.
nalidixic acid, pefloxacin, sparfloxacin and gre-
pafloxacin). Quinolones are also widely distribut-
ed throughout the body, with tissue penetration
being usually higher than the concentration
achieved in plasma, stool, bile, and prostatic and
lung tissues, which is not related to lipid sol-
ubility. Contrary to this, penetration into pro-
static fluid, saliva, bone and CSF does not exceed
serum drug levels. These drugs have a relatively
poor cerebrospinal fluid (CSF) penetration into
uninflamed meninges (table I), but in the presence
of an inflammation there is a moderate penetra-
tion of at least ciprofloxacin, pefloxacin, ofloxa-
cin and trovafloxacin.[4>43]

Table I. Comparative adverse reaction profile of quinolones and their pharmacokinetic (PK) properties regarding brain tissue penetration

Quinolones Percentage of adverse reactions by SOC PK characteristics References
Gltract CNS skin hepatic musculoskeletal
Ciprofloxacin ~ +++++  + 0/+ + 0/+ Distribution in the CSF in concentrations about  13-15
10% of those in plasma when meninges are not
inflamed
Gatifloxacin +HH+++ H++ 0 NA NA Distributes into the CNS (mean penetration 35%);  13-17
CSF: serum concentration ratio of 0.6 (range
0.21-0.45) during multiple-dose administration
(400 mg/day)
Grepafloxacin = ++++ + ++ NA NA No data available 15
Levofloxacin -+ + 0/+ + 0/+ Poor penetration into the CNS 13-16,18-38
Moxifloxacin A+ A NA NA No data available in humans; 13,15,39
(oral) Good penetration into CSF in rabbits was
achieved
Norfloxacin ++ + + + + Widely distributed in body fluids (limited 13,15
information)
Ofloxacin ++ ++ 0/+ + 0/+ Distribution in the CSF but concentrations are 13,15
higher when meninges are inflamed
Sparfloxacin A A A 0/+ Widely distributed into body tissues and fluids 13-15
(limited information on CNS)
Lomefloxacin ~ NA NA NA NA NA Widely distributed into body systems (suchas 14
lungs and prostate)
Enoxacin NA NA NA NA NA Widely distributed in the body, and 14
concentrations higher than those in plasma
have been reported in lungs, kidney and
prostate
Pefloxacin NA NA NA NA NA Greatest lipophilic character and thus the 40,41
greatest CNS penetration
Alatrofloxacin ~ NA NA NA NA NA Prodrug of trovafloxacin, which is widely 14

distributed into body tissues

CSF =cerebrospinal fluid; Gl =gastrointestinal; NA=not available; SOC = System Organ Class; 0 indicates none or <1%, +

++ indicates 2-3%, +++ indicates 3-5%, ++++ indicates >5%.

indicates 1-2%,
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The penetration of quinolones across the
blood-brain barrier (BBB) may be an important
factor in determining the relative frequency and
severity of CNS toxicity. In general, quinolones
have a low lipophilicity, but some can easily cross
the BBB.[!341 Also, they differ considerably in
their CSF transport and disposition. For example,
pefloxacin has the greatest lipophilic character
and thus the greatest CNS penetration;“%4!]
therefore, the convulsant activity may be related
to pefloxacin concentration in the brain and/or its
slow clearance from the cerebral area.[*’ On the
other hand, ofloxacin and lomefloxacin cross the
BBB by a unidirectional efflux (sequestration)
process from the CSF into blood by saturable
active transport, similarly to that described for
some B-lactam antibiotics. It seems that there
is the involvement of the efflux transporter P-
glycoprotein (which transfers drugs from the
brain to the bloodstream, decreasing the appar-
ent distribution of several drugs in brain tissues)
or efflux systems, which transport anionic com-
pounds (e.g. multidrug resistance-associated
protein 1). The presence of multiple efflux trans-
porters in the brain may also be responsible
for the low accumulation of quinolones in this
tissue.[40-44]

1.2 Adverse Drug Reaction Profile

The safety profile of this drug class differs from
quinolone to quinolone. Their most common
adverse events are gastrointestinal disturbances
(nausea, vomiting, diarrhoea and abdominal pain).
Less common events include neurotoxicity, blood
disorders, renal disorders, metabolic disturbances,
QTc interval prolongation, hypersensitivity (with
anaphylactic shock and anaphylactoid reactions)
and photosensitivity reactions.[!>4] Phototoxicity
is mainly associated with lomefloxacin and spar-
floxacin, when patients taking these drugs are
exposed to sunlight.'?! Putting ADRs into per-
spective, gastrointestinal disturbances occur in
2-20% of patients, while CNS events occur in
1-2%, dermatological effects in 0.5-3%, hepatic
abnormalities in 2-3% and musculoskeletal dis-
orders <1%.1'3 The comparative ADR profile of
select fluoroquinolones (for which information
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on the ADR profile and pharmacokinetics was
available) is presented in table 1.

Neurological ADRs represent the second most
common group of ADRs of this drug class.[!3:40]
The most commonly reported neurological symp-
toms are dizziness, headache, insomnia and som-
nolence. Other less common neuropsychiatric
events include delirium, agitation, confusion,
psychosis and seizures/convulsions.!!-6:12:131 CNS
disturbances can be divided into those resulting
from direct effects and those resulting from drug-
drug interactions (see section 4).[13

This review aims to contribute to the char-
acterization of neurological and psychiatric ADR
profiles of quinolones using a literature search
strategy designed to identify case reports (defined
as ‘a detailed report of the symptoms, signs,
diagnosis, treatment and follow-up of an individual
patient’, containing, in general, unusual or novel
occurrences)® and case series (‘series of case
reports that provide evidence of an association
between a drug and an adverse event’, being
‘generally more useful for generating hypotheses
than for verifying an association between drug
exposure and outcome’).#7]

2. Literature Search Strategy

A literature search was performed based on
PubMed/MEDLINE (from inception to 31 October
2010) using the following search terms: ‘quino-
lones’, ‘fluoroquinolones’, ‘cinoxacin’, ‘nalidixic
acid’, ‘oxolinic acid’, ‘piromidic acid’, ‘pipemidic
acid’, ‘ciprofloxacin’, ‘enoxacin’, ‘lomefloxacin’,
‘nadifloxacin’, ‘norfloxacin’, ‘ofloxacin’, ‘pefloxacin’,
‘rufloxacin’, ‘balofloxacin’, ‘gatifloxacin’, ‘levo-
floxacin’, ‘moxifloxacin’, ‘pazufloxacin’, ‘sparfloxacin’,
‘temafloxacin’, ‘tosufloxacin’, ‘garenoxacin’, ‘ge-
mifloxacin’, ‘clinafloxacin’, ‘prulifloxacin’, ‘sita-
floxacin’; no limits were placed on the search
function.

From the results obtained from the literature
search, two reviewers selected relevant English,
French, Spanish and Portuguese articles related
to quinolones by examining the abstracts (selec-
tion phase I) independently from each other.
Relevant articles were those referring to adverse
events or ADRs associated with the use of any

Drug Saf 2011; 34 (6)
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quinolone, regardless of its role (suspected, con-
comitant or interacting). Abstracts referring to
animal studies, clinical trials and observational
studies were excluded. Clinical trials and ob-
servational studies, regardless of the safety aspect
they may cover, were excluded as the main pur-
pose of this review was to evaluate case reports
and case series from the literature. The selection
of the articles made by each reviewer was com-
pared to determine the abstracts to be included.
In the case of doubt or disagreement in the se-
lection of articles, the reviewers included those
articles in phase I of the selection process.

Full texts of the selected articles were obtained
and the references of those articles reviewed to
identify additional case reports and case series
(selection phase II). The second phase was con-
ducted using only the references, not the ab-
stracts. The criteria for this phase were the same
as mentioned above, as well as the method for the
inclusion or exclusion of the articles. Once the
selection of the articles was completed and all full
text of the selected articles (phase I plus phase 1)
obtained, a new review of the selected articles was
performed to narrow the selection to case reports
and case series describing neurological and/or
psychiatric adverse event(s)/reaction(s). The se-
lected events belonged to the Medical Dictionary
for Regulatory Activities (MedDRA®) System
Organ Class (SOC) ‘Nervous system disorders’
and/or ‘Psychiatric disorders’. MedDRA® is the
international medical terminology developed under
the International Conference on Harmonization of
Technical Requirements for Registration of Phar-
maceuticals for Human Use (ICH). MedDRA® is
a registered trademark of the International Fed-
eration of Pharmaceutical Manufacturers and
Associations (IFPMA). The methodology used in
the literature search is detailed in figure 1.

From the full text of the selected articles, after
narrowing the results to neurological and psy-
chiatric adverse event(s)/reaction(s), data were
collected using an in-house developed Microsoft
Access® database. Each individual case report was
recorded using the following criteria, which were
according to the guidelines/recommendations by
Kelly et al.:[*1 ADR verbatim and its description
(including information on dechallenge and re-

© 2011 Adis Data Information BV. All rights reserved.

Literature search
(4820 articles)

4447 articles excluded (language,
animal studies, clinical trials and
observational studies)

¥

Phase | of selection
(373 articles)

Phase II: 455 articles added after
references review

A4

Selected articles final
phase | + phase lll
(828 articles)

l 745 articles excluded (other SOCs)

Neurological and psychiatric
articles (83 articles)

¥

145 ICSRs
(within 83 articles)

A 4

232 adverse reactions
(within 145 ICSRs)

26 adverse reactions excluded
(other SOCs)

A 4

206 neurological and psychiatric
adverse reactions

Fig. 1. Flow chart of methodology used in the literature search.
ICSRs =individual case safety reports; SOCs = System Organ Classes.

challenge); patients’ demographics (sex, age/age
group, weight); suspected medicinal product (do-
sage, pharmaceutical form/route of administra-
tion and indication of use); treatment duration;
outcome of the reaction; seriousness; causality
assessment (when assessed by the authors of the
articles); concomitant medication and discases;
past medical and past drug histories, including
previous exposure to other quinolones; and place
where the event occurred (ambulatory or hospital-
based event). The individual case reports were

Drug Saf 2011; 34 (6)
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analysed by age group, sex, active substances,
dosage, concomitant medication, ambulatory or
hospital-based event and seriousness. Age group
was stratified by the following age intervals:
<18, 19-25, 26-35, 3645, 46-55, 56-64, 65-74
and >75 years. Patients <18 years of age were
classified as children and adolescents, those aged
19-64 years as adults and those >65 years as
elderly.

ADRs were coded in MedDRA® version 13.1,
using the appropriate Preferred Term. For
MedDRA® coding, both reviewers coded each
event/reaction individually, and then compared
the coding results. In case of disagreement in the
MedDRA® coding, the terms coded by the med-
ical expert were the terms selected.

3. Search Findings

From a total of 4820 articles, only 373 were
selected as relevant in the first analysis of the
articles (phase I). In the second phase, a total of
455 additional articles were selected from the
references resulting in a total of 828. From these,
83 (10.0%) articles (case reports and case series)
describing neurological and psychiatric ADRs
related to one or more quinolones were identified.
145 individual case reports within the 83 articles
were analysed, being distributed per SOC, ac-
cording to the reported ADRs. From the 145 in-
dividual case reports, 8 (5.5%) presented both
neurological and psychiatric ADRs (belonging to
both SOCs), whereas 10 (6.9%) presented neuro-
logical and/or psychiatric ADRs combined with
ADRs from other SOCs (e.g. ‘Investigations’,
‘Cardiac disorders’, ‘Gastrointestinal disorders’).
A total of 59 (40.7%) of 145 individual case re-
ports belonged exclusively to ‘Psychiatric dis-
orders’, whereas 68 (46.9%) of 145 belonged to
‘Nervous system disorders’ only. Identified ADRs
are detailed in section 3.4.

3.1 Suspected Drugs

The number of individual case reports of each
suspected quinolone and the relevant percentage
are detailed in table II. Quinolones included
ciprofloxacin, ofloxacin, pefloxacin, norfloxacin,

© 2011 Adis Data Information BV. All rights reserved.

nalidixic acid, levofloxacin, gatifloxacin, cinox-
acin, enoxacin, alatrofloxacin, oxolinic acid,
piromidic acid, pipemidic acid, lomefloxacin,
nadifloxacin, rufloxacin, balofloxacin, moxiflox-
acin, pazufloxacin, sparfloxacin, temafloxacin,
tosufloxacin, garenoxacin, gemifloxacin, clina-
floxacin, prulifloxacin and sitafloxacin.

Despite some quinolones no longer being mar-
keted (e.g. gatifloxacin, alatrofloxacin, cinoxacin),
the ADRs identified in this literature review were
discussed, together with the marketed quinolones.

In general, quinolones were used according to
their labelled indications, such as the treatment of
respiratory tract infections, urinary tract infec-
tions, skin infections and septicaemia. Also, in
the majority of the case reports, treatment dura-
tion followed the recommendations for treatment
durations according to the disease being treated.

3.2 Sex and Age

Data on sex and age were available in 140 in-
dividual case reports (96.6%), showing a slightly
higher number of ADR reports in women than in
men (56.6% vs 40.0%); this difference was not
statistically significant. More ADRs were identi-
fied in adults (57.2%) than elderly (31.7%) or
children/adolescents (6.2%). Among adults and
elderly population, there were no major differ-
ences in the stratified age groups.

3.3 Dose

Information on dose was available in 122 in-
dividual case reports (84.1%) and 104 (71.7%)
contained information on the route of adminis-
tration/pharmaceutical form. The route of ad-
ministration was mainly per os (78 cases [53.8%]).
Only two cases reported the administration of
topical ciprofloxacin (eye- and eardrops).[#%->°1

Patients were treated according to the recom-
mended dose, except in seven cases of overdose or
excessive dosage with nalidixic acid!'®>! and
ofloxacin!"*2% (two individual case reports each),
and ciprofloxacin?!->233 (three individual case re-
ports each). The individual case reports of over-
dose and excessive dosage with nalidixic acid
occurred in children. The first case was related to a
14-year-old girl who ingested 6.5 g,>'1 where the rec-

Drug Saf 2011; 34 (6)
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Table Il. Number and percentages of individual case reports and neurological and psychiatric adverse reactions per quinolone

No. of individual case reports [n (%)]

No. of adverse reactions [n (%)]?

Quinolone

Ciprofloxacin 72 (49.7)
Ofloxacin® 34 (23.4)
Pefloxacin® 14 (9.7)
Levofloxacin 8(5.5)
Norfloxacin® 6 (4.1)
Nalidixic acid 4 (2.8)
Gatifloxacin® 3(2.1)
Genmifloxacin® 2(1.4)
Alatrofloxacin® 1(0.7)
Enoxacin® 1(0.7)
Balofloxacin® 0(0)
Cinoxacin® 0 (0)
Clinafloxacin® 0(0)
Garenoxacin® 0(0)
Lomefloxacin® 0(0)
Moxifloxacin® 0(0)
Nadifloxacin® 0(0)
Oxolinic acid® 0(0)
Pazufloxacin® 0(0)
Pipemidic acid® 0(0)
Piromidic acid® 0(0)
Prulifloxacin® 0(0)
Rufloxacin® 0(0)
Sitafloxacin® 0(0)
Sparfloxacin® 0(0)
Temafloxacin® 0(0)
Tosufloxacin® 0(0)
Total (n) 145

108 (52.4)
57 (27.7)
11 (5.3)
10 (4.9)

8(3.9)
4(1.9)
4(1.9)
2(1.0)
1(0.5)
1(0.5)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

206

a Percentage of neurological and psychiatric ADRs was calculated excluding the ADRs that did not belong to ‘Nervous system disorders’

and/or ‘Psychiatric disorders’.

b The quinolones that were withdrawn from the market are unavailable in certain countries or are used with restrictions.

ADRs =adverse drug reactions.

ommended daily dose of nalidixic acid in children
is 1-2g. The second case involved a 4-year-old
girl who took 800 mg by mistake (excessive do-
sage).['8] Two cases of overdose after the ad-
ministration of ofloxacin were also reported: one
involved a 14-year-old girl who ingested an un-
known amount of ofloxacin and developed an
anticholinergic syndrome (concomitant adminis-
tration of diphenhydramine and chlormezanone);!*!
the other occurred in an 81-year-old woman with
renal insufficiency who took pefloxacin by mis-
take after administration of ofloxacin.?”) Two
individual case reports of excessive dosage were

© 2011 Adis Data Information BV. All rights reserved.

identified for ciprofloxacin, leading to neuro-
toxicity. This drug, in a higher than recommen-
ded dose for patients with renal impairment, was
administered to patients under a chronic dialysis
programmel®'l and with chronic renal failure.>?!
The third case resulted in ballismus, confusional
state and irritability in a liver cirrhotic patient,>3
which has a reduced capacity of drug metabolism.

3.4 Adverse Reactions

From a total of 145 individual case reports,
232 ADRs were identified, as some individual

Drug Saf 2011; 34 (6)
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case reports had more than one ADR. From the
232 ADRs, only 206 belonged to the selected
SOCs (‘Nervous system disorders’ and ‘Psychia-
tric disorders’). One of the ADRs, ‘EEG abnor-
mal’, was included as belonging to one of the
above-mentioned SOCs, due to its importance as
a tool to identify non-convulsive status epilepti-
cus (see section 4 for further details). The other
26 (11.2%) non-neurological and non-psychiatric
ADRs (e.g. palatal disorder, asthenia, fatigue,
visual field tests abnormal, liver function tests
abnormal, gastrointestinal disorders and cardiac
disturbances) were reported, together with the
neurological and psychiatric ADRs. For pur-
poses of evaluation, the number of ADRs is
considered to be 206 as we are evaluating the
profile of neurological and psychiatric ADRs of
quinolones.

A total of 111 ADRSs (53.9%) belonged to the
SOC ‘Psychiatric disorders’, whereas 95 (46.1%)
belonged to the SOC ‘Nervous system disorders’.
Mania (38 cases; ciprofloxacin, ofloxacin and
norfloxacin), insomnia (10 cases; ciprofloxacin
and ofloxacin), acute psychosis (8 cases; all
ciprofloxacin) and delirium (8 cases; ciproflox-
acin, pefloxacin and levofloxacin) were the most
commonly reported psychiatric adverse events.
Grand mal convulsion (23 cases; all quinolones,
except alatrofloxacin and gemifloxacin), confu-
sional state (9 cases; ciprofloxacin, ofloxacin and
pefloxacin), convulsions (8 cases; ciprofloxacin,
ofloxacin, pefloxacin and gatifloxacin) and myo-
clonus (6 cases; ciprofloxacin, ofloxacin, pefloxacin
and gatifloxacin) were the most commonly re-
ported neurological events. Table III details the
neurological and psychiatric ADRs that were re-
ported for each quinolone.

We observed a total of 108 ADRs related to
ciprofloxacin, with psychiatric ADRs being the
most common (e.g. mania and acute psychosis).
Ciprofloxacin was followed by ofloxacin, pe-
floxacin, levofloxacin, norfloxacin, nalidixic acid,
gatifloxacin and gemifloxacin (table III). Alatro-
floxacin and enoxacin were associated with one
ADR each - clonus and grand mal convulsion,
respectively. In general, CNS adverse events de-
veloped within a few minutes or during the first
days of treatment (1-8 days). Only one case

© 2011 Adis Data Information BV. All rights reserved.

developed after 5 months of chronic treatment
with pefloxacin.[??]

In the majority of cases, patients recovered
without sequelae, and normally the events dis-
appeared on discontinuation of the drug.

For some CNS adverse events, such as delir-
ium or psychosis, the majority of patients had no
underlying diseases or concomitant medication
that could induce/precipitate the development of
delirium or psychosis. There were also cases show-
ing positive dechallenge, where patients recovered
within 1 day following drug withdrawal.?3-3? More-
over, the events developed within a few days after
starting the quinolone. Concomitant factors were
presented in some individual case reports of
quinolone-induced seizures, as further discussed
in section 4.

3.5 Ambulatory versus Hospital-Based Events

One hundred of 145 individual case reports
(69.0%) had information on whether the event was
ambulatory or hospital-based; 30 (20.7%) occurred
when the patient was hospitalized and 70 (48.3%)
occurred in outpatients (ambulatory care).

3.6 Seriousness

A serious ADR is any untoward medical oc-
currence that, at recommended dose, results in
death, is life-threatening, requires inpatient hos-
pitalization or prolongation of existing hospitali-
zation, results in persistent or significant disability/
incapacity, or is a congenital anomaly/birth de-
fect. Seventy (49.0%) individual case reports were
identified as serious, with 2 (2.8%) being fatal, 14
(19.7%) prolonging the patient’s hospitalization
and 55 (77.5%) requiring inpatient hospitaliza-
tion. None of the cases was life-threatening, re-
sulted in disability/incapacity or was a congenital
anomaly/birth defect. 51.0% of the individual
case reports did not provide information on the
seriousness criteria. One of the fatal events was
probably related to an interaction between
ciprofloxacin and theophylline. The patient had
several concomitant diseases that cannot be ruled
out as contributors.’* The other fatal event was
not related to ciprofloxacin administration, but
was associated with the clinical condition of the

Drug Saf 2011; 34 (6)
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Table lll. Overview of neurological and psychiatric adverse reactions reported with quinolones

MedDRA® PT2P CIP OFL PEF LEV NOR NAL GAT GEM ENO ALA Total no. of reactions [n (%)]
Abnormal dreams 2 NA NA NA NA NA NA NA NA NA 2(1.0)
Absence seizure NA NA NA 1 NA NA NA NA NA NA 1(0.5)
Acute psychosis 8 NA NA NA NA NA NA NA NA NA 8(3.9)
Ageusia 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Agitation 5 2 NA NA NA NA NA NA NA NA 7 (3.4)
Agression 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Anticholinergic syndrome NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Anxiety 3 2 NA NA NA NA NA NA NA NA 5(2.4)
Anxiety disorder due to a general medical condition 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Ballismus 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Brain injury 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Catatonia 1 NA NA 1 NA NA NA NA NA NA 2(1.0)
Cerebellar syndrome NA NA 1 NA NA NA NA NA NA NA 1(0.5)
Chorea 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Clonic seizures NA NA NA NA NA 1 NA NA NA NA 1(0.5)
Clonus NA NA NA NA NA NA NA NA NA 1 1(0.5)
Confusional state 3 2 NA NA NA NA NA NA NA 9 (4.4)
Convulsion 1 NA NA NA 1 NA NA NA 8(3.9)
Delirium NA 2 2 NA NA NA NA NA NA 8 (3.9)
Delusion NA NA NA NA 1 NA NA NA NA NA 1(0.5)
Depression NA 1 NA 1 NA NA NA NA NA NA 2(1.0)
Dizziness 1 1 NA NA NA NA NA NA NA NA 2(1.0)
Dysarthria 2 NA NA NA NA NA NA NA NA NA 2(1.0)
Dyskinesia 2 NA NA NA NA NA NA NA NA NA 2(1.0)
Dysphonia 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Dystonia NA NA NA NA NA NA NA 1 NA NA 1(0.5)
Electroencephalogram abnormal® NA 1 NA NA NA NA NA NA NA NA 1 (0.5)
Encephalopathy NA NA NA NA NA NA NA 1 NA NA 1(0.5)
Epilepsy 1 1 NA NA NA NA NA NA NA NA 2(1.0)
Euphoric mood NA 2 NA NA 1 NA NA NA NA NA 3(1.4)
Extensor plantar response 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Extrapyramidal disorder NA NA 1 NA NA NA NA NA NA NA 1(0.5)
Gait disturbances NA NA NA NA NA NA 1 NA NA NA 1(0.5)

Continued next page
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Table Ill. Contd
MedDRA® PTaP CIP OFL PEF LEV NOR NAL GAT GEM ENO ALA Total no. of reactions [n (%)]
Gaze palsy 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Grand mal convulsion 7 7 1 3 1 2 1 NA 1 NA 23(11.2)
Grand mal seizure 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Grimacing 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Hallucination 1 1 NA NA NA NA NA NA NA NA 2(1.0)
Hallucination, visual 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Hemiparesis 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Hostility 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Hyperkinesia NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Hyperacusis NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Insomnia 6 4 NA NA NA NA NA NA NA NA 10 (4.9)
Irritability 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Mania 22 12 NA NA 4 NA NA NA NA NA 38 (18.4)
Manic depression 2 NA NA NA NA NA NA NA NA NA 2(1.0)
Mastication disorder 1 NA NA NA NA NA NA NA NA NA 1 (0.5)
Mood swings 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Muscle spasticity NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Myasthenia gravis 1 NA NA NA 1 NA NA NA NA NA 2(1.0)
Myoclonus 3 1 1 NA NA NA 1 NA NA NA 6 (2.9)
Nervousness 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Neuropathy peripheral NA NA 1 NA NA NA NA NA NA NA 1(0.5)
Nightmare NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Panic attack NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Paralysis NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Paranoia NA 2 NA NA NA NA NA NA NA NA 2(1.0)
Parosmia NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Partial seizures NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Personality disorder NA 1 NA NA NA NA NA NA NA NA 1(0.5)
Polineuropathy 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Psychotic disorder 2 NA NA 1 NA NA NA NA NA NA 3(1.4)
Psychotic disorder due to a general medical condition NA 2 NA NA NA NA NA NA NA NA 2(1.0)
Sedation 1 NA NA NA NA NA NA NA NA NA 1(0.5)
Serotonin syndrome 2 NA NA NA NA NA NA NA NA NA 2(1.0)
Continued next page
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1(0.5)
2(1.0)
1(0.5)
1(0.5)
1(0.5)
1(0.5)
1(0.5)
2(1.0)
1(0.5)

Total no. of reactions [n (%)]
206

ALA
NA
NA
NA
NA
NA
NA
NA
1

NA
NA

OFL PEF LEV NOR NAL GAT GEM ENO

NA NA 1 NA NA NA NA NA NA
NA 2 NA NA NA NA NA NA NA
1 NA NA NA NA NA NA NA NA
NA NA NA 1 NA NA NA NA NA
1 NA NA NA NA NA NA NA NA
NA NA NA NA NA 1 NA NA NA
1 NA NA NA NA NA NA NA NA

1 1 NA NA NA NA NA NA NA
NA 1 NA NA NA NA NA NA NA
7 1 10 8 4 4 2 1

CIP
108

were calculated using the total of neurological and psychiatric ADRs.

b The ADRs were identified from references.[18-37:41,49-115]

a This table excluded the ADRs from the selected individual case reports belonging to other SOCs rather than ‘Nervous system disorders’ and ‘Psychiatric disorders’. Percentages
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c ADR ‘Electroencephalogram abnormal’ does not belong to the ‘Nervous system disorders’ or ‘Psychiatric disorders’, but was included in this table due to its relevance as a tool for

the non-convulsive status epilepticus.

ADRs

Medical

System Organ Class.

levofloxacin; MedDRA®

Preferred Term; SOC

=gemifloxacin; LEV

gatifloxacin; GEM
ofloxacin; PEF

GAT=

enoxacin;
norfloxacin; OFL

=ciprofloxacin; ENO=
nalidixic acid; NOR

alatrofloxacin; CIP
not applicable; NAL

adverse drug reactions; ALA

pefloxacin. PT=

Dictionary for Regulatory Activities; NA

patient.*!1' A total of 78.9% of patients with a
serious ADR recovered without sequelae from the
CNS adverse reaction(s), while there is no in-
formation on outcome in 18.3% of the individual
case reports.

When analysing these cases, there were no
significant differences in the demographic char-
acteristics of the patients. Similarly to that pre-
sented in section 3.2, more individual case reports
of serious CNS adverse reactions refer to women
than to men (64.3% vs 32.9%). Serious CNS ad-
verse events developed more frequently in adults
(57.7%) and elderly (35.2%) than in children/
adolescents (5.6%). Ciprofloxacin, ofloxacin and
pefloxacin were the quinolones responsible for
the majority of the serious cases, consistent with
what has been reported in section 3.4.

Eight of these serious individual cases were
due to a possible interaction between the quino-
lone and theophylline (5 cases),[33345451 or with
an NSAID (2 cases)?!33 or methadone (1 case).l>
The description of adverse events and concomitant
medication is detailed in section 3.7.

3.7 Concomitant Medication

Twenty-five individual case reports of neuro-
psychiatric ADRs due to the concomitant admin-
istration of a quinolone (ciprofloxacin, ofloxacin
or pefloxacin) and theophylline, NSAID or other
agents were identified (table I'V). Seven individual
case reports included NSAIDs, such as indo-
methacin, ibuprofen, aspirin (acetylsalicylic acid)
and naproxen, while 12 reported an adverse event
due to an interaction between a quinolone and
theophylline. The majority of cases was related to
ciprofloxacin (18 cases), followed by pefloxacin
(4 cases) and ofloxacin (3 cases). Convulsion/
seizures was the most common ADR following a
drug interaction, while mania and delirium were
reported in 2 cases each.

Seizures have also been reported with the
concomitant administration of ciprofloxacin and
foscarnet,’” predicting a possible interaction be-
tween these two drugs. Drug interactions with
vinca alkaloids®?! and chloroquinel®®! have also
been reported. Additionally, a possible interaction
between ciprofloxacin and two potent serotonergic

Drug Saf 2011; 34 (6)
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Table IV. Summary of individual case reports regarding neurological and psychiatric adverse reactions due to interactions between quinolones and other agents

Suspected Age (y)/ Daily dose Time to onset  Adverse reaction(s) Clinical history Concomitant medication® Reference
quinolone sex of reaction [MedDRA® PTJ?
Ciprofloxacin ~ 74/F 200mg gi2h 24 hours Grand mal seizure Pulmonary TE Theophylline 34
Ciprofloxacin  60/M 500 mg bid NR Grand mal convulsion COPD, CAP Theophylline 68
Ciprofloxacin  64/M 500mg 8 hours Grand mal convulsion NR Indomethacin, prednisolone, 71
digoxin, glyburide, allopurinol
Ciprofloxacin  93/F 500mg qi12h 1 day Convulsion COPD, asthma Theophyllline, ranitidine, prednisolone 72
Ciprofloxacin ~ 88/M 500 mg bid 2 days Delirium Chronic epididymitis Ibuprofen, heparin 25
Ciprofloxacin  57/F 500 mg bid 7 days Grand mal convulsion Metastatic breast Theophylline, tamoxifen 73
cancer
Ciprofloxacin ~ 74/F 500 mg bid 3 days Grand mal convulsion Anorexia nervosa, Theophylline 73
gout, HTA
Ciprofloxacin ~ 47/M NR NR Delirium NR Indomethacin 23
Ciprofloxacin  68/F 500 mg bid 1 week Polineuropathy Mastectomy, Naproxen, chloroquine 58
collagenosis
Ciprofloxacin  46/M 500 mg NR Mania; aggression; NR Ibuprofen, lithium, amitriptyline 74
agitation; anxiety
Ciprofloxacin ~ 64/M 1000mg NR Mania; psychotic disorder; NR Acetylsalicylic acid (aspirin) 74
nervousness
Ciprofloxacin ~ 39/M 750mg qi12h At first Grand mal convulsion AIDS, PCP, candidiasis,  Foscarnet, vancomycin, rifampin, 57
administration disseminated MAC clarithromycin, fluconazole, cimetidine,
of foscarnet infection docusate sodium, morphine sulfate,
calcium carbonate, magnesium oxide
Ciprofloxacin  38/M 750mg qi2h 36 hours Grand mal convulsion PCP, candidiasis, Foscarnet, ethambutol, pyrazinamide, 57
anaemia; hepatitis C, rifampin, clofazimine
wasting syndrome,
MAC infection
Ciprofloxacin  61/M NR NR Serotonin syndrome Chronic, non-malignant  Venlafaxine, methadone, hydromorphone, 59
lower back pain, DM, oxycodone
MDD
Continued next page
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Table IV. Contd

Suspected Age (y)/ Daily dose Time toonset  Adverse reaction(s) Clinical history Concomitant medication® Reference
quinolone sex of reaction [MedDRA® PT]?
Ciprofloxacin ~ 42/F 750 mg bid 2 days Sedation® Ogilvie’s syndrome Methadone, venlafaxine 56
(only on the fourth occasion)
Ciprofloxacin  65/F 250 mg bid NR Epilepsy® Left hemiplegia, atrial Theophylline, digoxin, bumetanide, tamoxifen 54
fibrillation; CCF, breast
cancer
Ciprofloxacin ~ 79/F 500 mg bid 24 hours Anxiety disorder duetoa  COPD, CAD, Ml Aminophyliine, terbutaline, prednisone, 55
general medical condition; isosorbide dinitrate, meprobamate,
agitation; confusional furosemide, hydroxyzine, diphenhydramine
state®
Ciprofloxacin ~ 74/M 500 mg bid 1 day Serotonin syndrome HTA, cerebrovascular Citalopram, enalapril, aspirin, 66
disease, depression, diazepam, reboxetine, sulpiride
PBH
Pefloxacin NR/F 800mg 2 days Grand mal convulsion Parkinson’s disease, Theophyllline, levodopa/benserazide 67
broncho-emphysema
Pefloxacin 77/F 2800 mg 7 days Grand mal convulsion DM Theophylline 33
Pefloxacin 31/F 2000 mg 4 days Delirium MMD Theophylline 33
Pefloxacin 37/M 400 mg bid 5 months Peripheral neuropathy Chronic vertebral Vincristine (past drug therapy) 22
osteomyelitis
recurrence with
ofloxacin and
ciprofloxacin
Ofloxacin 84/F 400mgqi2h 3 days Convulsion CAD, DJD, CVA, MI Pentoxifylline, aspirin, furosemide, 65
isosorbide dinitrate, famotidine
Ofloxacin 62/F 400 mg NR Grand mal convulsion Asthma Theophyllline, phosphomycine, netilmicine 70
Ofloxacin 63/F NR NR Mania; paralysis NR Aminophylline, dihydrogesterone 74

a Only the ADRs belonging to the SOCs of interest are reported in this column. ADRs belonging to other SOCs are not mentioned.

b Italics represents the medicines that were responsible for the quinolone-drug interaction, leading to the neuropsychiatric ADR(s), being considered interacting agents.

ADRs =adverse drug reactions; bid=twice daily; CAD=coronary artery disease; CAP=community-acquired pneumonia; CCF =congestive cardiac failure; COPD =chronic
obstructive pulmonary disease; CVA =cerebrovascular accident (stroke); DJD =degenerative joint disease; DM=diabetes mellitus; F=female; HTA=hypertension; M=male;
MAC = Mycobacterium avium complex; MDD =major depressive disorder; MedDRA®=Medical Dictionary for Regulatory Activities; MI=myocardial infarction; MMD =myotonic
muscular dystrophy; NR=not reported; PBH = prostate benign hypertrophy; PCP = Pneumocystis carinii pneumonia; PT = Preferred Term; q12h=every 12 hours; SOCs = System
Organ Classes; TE =thromboembolism.
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agents (methadone and venlafaxine) was re-
ported, which manifested as serotonin syndrome
or sedation.[36-3%

Two cases of neurological ADRs after the
concurrent administration of two quinolones
were reported: clonus after the administration of
alatrofloxacin and ciprofloxacin;*3! and myo-
clonus after the administration of ofloxacin and
pefloxacin.[?]

4. Discussion

A slightly higher number of psychiatric ADRs
was reported among the overall individual case
reports.

The majority of CNS adverse reactions in-
duced by quinolones is related to their interaction
with neurotransmitters, and partially due to their
similarity in structure to GABA agonists. Quin-
olones may displace GABA from its receptors,
decreasing GABAergic inhibition and leading to
the stimulation of the CNS.34:36.37.411 This stim-
ulation results in epileptogenic neurotoxicity
(e.g. seizures/convulsions). Binding to the GABA
receptor is strongly influenced by the side chain in
the 7-position of quinolones, as referred to in
section 1.1V I yitro data have demonstrated that
the epileptogenic activity of quinolones is vari-
able, being the degree of excitatory effect as fol-
lows (from the highest to the smallest effect):
trovafloxacin > enoxacin > lomefloxacin > moxi-
floxacin > nalidixic acid > ciprofloxacin > oflox-
acin. No data were available for norfloxacin or
levofloxacin.[®*!l Trovafloxacin was rated as
having the highest epileptogenic activity, while
pefloxacin is associated with the fewest CNS ad-
verse reactions, despite the greatest CNS pene-
tration.**>*1 No individual case reports were
identified for trovafloxacin, which might be due
to its earlier withdrawal from the market. Levo-
floxacin has the lowest CNS penetration,!!416-38]
and therefore a lower rate of neurotoxicity. Cipro-
floxacin, ofloxacin and pefloxacin are known to
cross the BBB to a moderate extent in the pre-
sence of inflamed meninges,!'%!343 which may be
one of the reasons for the increased number of
CNS adverse events identified in this review for
these three drugs (despite the seriousness of some
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cases). However, none of the individual case
reports described the use of these quinolones for
the treatment of meningitis. CNS penetration of
quinolones plays an important role in determin-
ing the relative frequency and severity of CNS
toxicity,['3] but the relationship between the in-
cidence of these ADRs and the CNS pharmaco-
kinetics of quinolones remains unclear.['213-43.43]

Additionally, ciprofloxacin has been extensively
used worldwide (marketed since 1987)1'%131 due
to its safety and tolerability profiles; therefore,
the frequency of exposure to this fluoroquinolone
may account for the number of ADRs reported in
the literature and identified in this review. As
cited by Heyd and Haverstock,[''® among a total
of 63 059 patients treated with oral ciprofloxacin
in clinical trials, adverse events occurred in 5.8%
of adult patients, with 1.1% being CNS-related
events. Ofloxacin and pefloxacin have not been
used to the same extent as ciprofloxacin and,
therefore, the number of CNS adverse reactions
identified for ofloxacin and pefloxacin may be
over-representative which is consistent with post-
marketing surveillance reports.>) Moreover, oflox-
acin has been associated with sleep disturbances,
confusion, psychiatric disorders and convulsion
in the past,['> which could have potentiated the
increased number of reports related to this drug,
as healthcare professionals may be more aware of
these events than of more common and familiar
complaints. Among the modern fluoroquinolones,
levofloxacin, the left optical isomer of ofloxacin,
has an overall incidence of CNS adverse effects of
0.2-1.1% (overall adverse effects 2-10%).['>! This
drug is associated with considerably fewer CNS
adverse reactions when compared with ofloxacin.
The underlying reason for this difference is the
influence of the R(+) isomer of ofloxacin, which
may contribute to the ADR profile of levo-
floxacin.['3117:1181 Contrary to expectations, no
individual case reports were identified for lome-
floxacin, yet it has been associated with a high
incidence of tremor, seizures and dizziness.[!>!17]
In a review by Bertino and Fish,[!'/ the rate of
reported seizures was approximately 45 per mil-
lion prescriptions of lomefloxacin, compared with
10 per million prescriptions with ciprofloxacin,
ofloxacin or norfloxacin together.
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Seizures and other neurological events have
been reported worldwide with nalidixic acid and
several fluoroquinolones. Seizures/convulsions
were one of the most common CNS adverse reac-
tions identified in this review for quinolones, de-
spite the rarity of overall CNS adverse reported in
the literature with this class of drugs. Seizures are a
rare ADR of ciprofloxacin,[''” while the Summary
of Product Characteristics (SPC) for ofloxacin re-
ports this event as very rare (<0.01%).1'>°1 The
number of reports of seizures/convulsions may be
due to the seriousness or severity of such events,
as well as their clinical significance. They may be
precipitated by several factors, such as sleep de-
privation, malformations, head injuries, infec-
tions, metabolic disturbances, multiple sclerosis
and drugs.'>! The main mechanism underlying
this adverse event is the inhibition of GABA by
quinolones, as mentioned earlier. Other mech-
anisms have been proposed, such as the involve-
ment of the dopamine receptor®l and the agonist
effect of fluoroquinolones on the glutamate re-
ceptor NMDA [l Fluoroquinolones are thought
to activate NMDA channels by chelating with
magnesium and removing its channel blocking
effect.[00]

Possible contributing factors to the develop-
ment of several types of seizures and convul-
sions in patients taking quinolones may be a
history of seizures or epilepsy,3>30:6263] elec-
trolytic ~ disturbances,3341:64651  concomitant
medication,[2325-33-36.54-56,58-59.63.66-74] history of re-
nall?1-60-69.75.76l g nd/or hepatic failure,37> increased
agel3>00-6477 and excessive dosages.3>3%33 More-
over, these factors not only contribute to the de-
velopment of seizures, but also to some psychiatric
events induced by quinolones, which were men-
tioned in section 3.4.

Dosage is an important contributing factor to
the development of seizures because they have
been reported in children after the ingestion of
excessive doses of nalidixic acid.l"®3!1 Other cases
showed that fluoroquinolones were administered
at excessive dosages, indicating that no dose ad-
justments were made in patients with renall?0-21-52
or hepaticl®¥ disease. Caution is recommended
and required in patients with co-morbidities, as
well as dose adjustments to avoid the neurotoxi-
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city of quinolones. Nevertheless, quinolones may
induce seizures even at therapeutic dosages be-
cause we have identified only seven cases of over-
dose and excessive dosage in this review.

The concomitant administration of theophyl-
line and NSAIDs is another contributing factor
to quinolone-induced seizures. In the presence of
a quinolone, the serum concentration of theo-
phylline increases about 20% and its clearance
decreases about 30%:;[3467-70.73] therefore, the dose
of theophylline should be reduced when a quin-
olone is started as the threshold for seizures is
lowered. In addition to seizures, visual hallu-
cinations have been reported in patients using
multiple drug therapy, including theophylline.l3!
Ciprofloxacin, as well as theophylline is metabo-
lized by cytochrome P450 (CYP); therefore, the
interaction between these two drugs is likely to
occur in the liver via CYP.”! This is not a class
effect as the affinity of each quinolone for CYP
varies. According to published data, fluoroquin-
olones are ranked as follows with regard to
interaction with theophylline (from the greatest
to the smallest effect): enoxacin (also inhibits
CYP)P3! > ciprofloxacin > norfloxacin > ofloxacin,
levofloxacin, trovafloxacin, gatifloxacin, moxi-
floxacin.['3 It has also been shown that position 1
influences theophylline interaction, the most
marked effects being with enoxacin, ciproflox-
acin and pefloxacin.l’® Indeed, several cases of
ADRs following interactions between theophyl-
line and ciprofloxacin or pefloxacin have been
reported (table IV). Contrary to expectation,
no individual case reports for an enoxacin-
theophylline interaction were identified in this
literature review.

The decrease in renal blood flow due to the
inhibition of prostaglandins, as a result of NSAID
activity, may increase the quinolone concentra-
tion, predisposing patients to ADRs. As cipro-
floxacin is mainly eliminated by renal excretion,
its elimination may be impaired by NSAID ac-
tivity.’® Also, the potentiation by NSAIDs of the
competitive inhibition of neuronal GABA re-
ceptors by quinolones (by up to 30 000 times) may
induce these types of drug interactions and, con-
sequently, the development of neurotoxicity.!'37"1
Shimada and Horil®"! demonstrated that fluoro-
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quinolones may induce seizures at lower con-
centrations when administered concomitantly
with NSAIDs.[®1 This is consistent with the re-
sults presented in this review. Additionally, the
structure at the 7-position of the quinolone in-
fluences the risk of NSAID-potentiated CNS
events. Fluoroquinolones with unsubstituted pi-
perazinyl rings (e.g. ciprofloxacin) have a stron-
ger interaction with NSAIDs.[l The rank order
of inhibitory effects of the fluoroquinolones was
as follows (from the highest to the smallest effect)
prulifloxacin, norfloxacin > ciprofloxacin > en-
oxacin > gatifloxacin > ofloxacin, tosufloxacin,
lomefloxacin > levofloxacin > sparfloxacin > pa-
zufloxacin. No data were provided for pe-
floxacin. Fenbufen, flurbiprofen and ketoprofen,
among various NSAIDs, have been reported to
potently enhance the convulsive activity of
fluoroquinolones and, consequently, inhibition
of the GABA current by quinolones. A weaker
potentiation was seen with diclofenac, zaltopro-
fen and loxoprofen. Oxicam derivates, such as
tenoxicam and piroxicam, do not act as po-
tentiators of the convulsive activity of quino-
lones.B1 Quinolone-NSAID interactions dis-
cussed in this review did not occur with any of the
NSAIDs mentioned above.

The previous drug interactions are the most
common and the most reported in the literature,
as shown in table IV. In this literature review
we also described other fluoroquinolone drug
interactions, such as those with antivirals, anti-
histamines, vinca alkaloids, antidepressants, opiate
analgesics, and antimalarial and antineoplastic
drugs. The administration of chloroquine, an
antimalarial drug capable of inducing seizures, in
patients with a low seizure threshold precipitates
the development of seizures. The underlying me-
chanism for this pharmacokinetic interaction
may be the role of CYP, as both chloroquine and
ciprofloxacin are metabolized via CYP enzymes.
This interaction reported by Rollof and Vingel®®!
did not result in seizures but in polyneuropathy.
The concurrent administration of ciprofloxacin
and two potent serotonergic agents (venlafaxine and
methadone) may also induce CNS adverse reac-
tions, identified in two individual case reports.2®->]
The concurrent administration of ciprofloxacin
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and both methadone and venlafaxine led to the
development of serotonin syndrome in one case,>!
while in the other the patient became sedated
following the addition of ciprofloxacin to me-
thadone.’?!  Ciprofloxacin was reintroduced
three times, and the patient became sedated on all
occasions. Additionally, on the last occasion,
venlafaxine had been replaced by fluoxetine.l>!
Both methadone and venlafaxine are metabolized
by CYP isoenzymes (CYP1A2 for methadone
only, and CYP3A4 for methadone and venla-
faxine). Ciprofloxacin is a known potent in-
hibitor of CYP1A2 and depresses CYP3A4 in
human hepatic microsomes; therefore, a pharm-
acokinetic interaction involving ciprofloxacin,
methadone and/or venlafaxine may be responsi-
ble for the neurotoxicity of quinolones.>%>! In-
terestingly, Montané et al.l! reported a case of
serotonin syndrome induced by several drug in-
teractions, involving antidepressants and cipro-
floxacin. Serotonin syndrome first developed
when the patient added reboxetine to fluoxetine
and then when switched from fluoxetine to cita-
lopram. Despite the pharmacokinetic and phar-
macodynamic interactions involved in this case,
the addition of ciprofloxacin could have also
contributed to serotonin syndrome resulting in a
pharmacokinetic interaction between ciprofloxacin
and citalopram. CYP3A4, inhibited by ciproflox-
acin, is involved in the metabolism of citalopram,
leading to an increased plasma concentration of
this drug. The participation of ciprofloxacin in
serotonin syndrome is less likely,®®! but this drug
interaction should be considered when prescrib-
ing a quinolone to a patient receiving antidepre-
ssant treatment. Peripheral neuropathy following
administration of pefloxacin and subsequent ad-
ministrations of ofloxacin and ciprofloxacin was
reported. As the patient had been exposed in the
past to vinca alkaloids, known neurotoxic drugs,
Aoun et al.?? suggested that vinca alkaloids might
potentiate fluoroquinolone-induced peripheral
neuropathy. Another drug interaction that may
enhance the risk of seizures is between foscarnet,
an antiviral drug, and epileptogenic agents (e.g.
fluoroquinolones). Foscarnet is known to induce
seizures; the concomitant administration of
ciprofloxacin may enhance the development of
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seizures by an unknown mechanism.”” An ofloxa-
cin overdose potentiated the anticholinergic effect
of diphenhydramine and chlormezanone when
these three drugs were administered concurrently.!”]

Although the convulsive potential of quino-
lones may also be related to their chemical
structures, there are no established data on their
cross-reactivity. Melvani and Speed?®* reported a
case of alatrofloxacin-induced clonus. Alatro-
floxacin, a pro-drug of trovafloxacin,”! was ad-
ministered on the same day as the last two doses
of oral ciprofloxacin. On the other hand, Bagon>}
reported a case of myoclonus and muscle spasti-
city in an elderly patient with renal failure to
whom ofloxacin and pefloxacin were admin-
istered. Data on cross-reactivity of quinolones
are scarce, yet in both cases patients developed
neurological ADRs. The concurrent administra-
tion of two quinolones?%-3> might have increased
the risk of seizures because of a higher threshold
reduction. Further studies are required to investi-
gate the possibility of cross-reactivity between
quinolones.

An electrolyte disturbance may also contribute
to the epileptogenic activity of quinolones. Seizures
may occur with hypernatraemia,[®! hypomagne-
saemia®'! and hyponatraemia.?>#-¢4 Hypomagne-
saemia is associated with neuronal irritability;
therefore, the administration of a quinolone trig-
gers seizures more easily.*!! Uraemic patients
may accumulate the quinolone or its metabolite,
precipitating convulsions, of which pefloxacin!®
was an example. Pefloxacin presents high serum
levels and undergoes biotransformation, leading
to the accumulation of the drug itself or its me-
tabolite in patients with renal or hepatic diseases,
and therefore increasing the risk of seizures.l”>! In
the case of ofloxacin, its elimination is highly
dependent on renal excretion, requiring dosage
adjustments in patients with renal impairment.[®3]

Elderly patients are prone to develop seizures
and other neuropsychiatric adverse events (such
as delirtum and psychosis) because of pharma-
codynamic changes that occur with increased
age. These changes include alterations in volume
of distribution, drug metabolism and elimination,
and protein binding.®? Elderly patients should
be closely monitored when prescribing a quino-
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lone, especially if they have CNS impairments,
multiple co-morbidities or are taking other med-
icines. There does not seem to be a high-risk
group for the development of neurotoxicity, at
least according to our results (31.7% of individual
case reports occurred in elderly patients) and
without other precipitating factors. These results
are consistent with the conclusions of Stahlmann
and Lode.3¥

Alcohol dependence is a known risk factor for
seizures, which may occur until 2 days after
stopping drinking. Lahmek et al.®¥ reported a
case of ofloxacin-induced seizures in a patient
undergoing detoxification for alcohol depend-
ence. Ofloxacin was considered the most prob-
able cause rather than alcohol dependence
because the patient stopped drinking 7 days prior
to seizures. Additionally, the patient was taking
venlafaxine but there are no reports of drug in-
teractions between ofloxacin and venlafaxine to
date. Patients treated with benzodiazepines have
a higher risk of seizures, due to a possible inter-
action of ofloxacin with the benzodiazepine-
binding sites located on the same complex as the
GABA receptor site. There might be a displace-
ment of GABA from its receptor, decreasing
GABAergic inhibition.® Akaike et al.l'??l showed
contradictory findings: the inhibitory actions of
fluoroquinolones combined with biphenyl acetic
acid on GABA-mediated response were not in-
fluenced by the presence of flumazenil, a benzo-
diazepine antagonist.

Agbaht et al.®] reported a case of grand mal
convulsion associated with ciprofloxacin in a pa-
tient with underlying thyrotoxicosis. This disease
lowers the threshold of epileptiform activity, and
may therefore cause seizures. Thyrotoxicosis may
be considered a risk factor for quinolone-induced
seizures.

Psychiatric adverse effects are rare, albeit ser-
ious. They seem to be dose-dependent and di-
rectly related to the quinolone concentration at
the receptor site. The underlying mechanism in-
volves GABA inhibition, as mentioned above;?%-30]
however, the mechanism by which quinolone-
induced delirium remains unclear. Despite GABA
involvement, it is possible that the development
of quinolone-induced non-convulsive status
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epilepticus may potentiate some psychotic ADRs
(e.g. delirium). Isolated cases of abnormal EEG
have been reported, which may be a tool to ex-
clude quinolone-induced non-convulsive status
epilepticus.”! Contrary to the majority of psy-
chiatric adverse effects, dizziness is not a rare event
in patients taking quinolones. However, it has only
been reported in two cases (ciprofloxacin and
ofloxacin),[’™ probably because it is not a serious
and uncommon adverse event and does therefore
not require the attention of healthcare professionals
and thus reporting. Prescription Event Monitoring
in the UK!'?3 showed lower rates of dizziness with
ciprofloxacin, norfloxacin and ofloxacin. More-
over, the Swedish database (Sweweb)['>* had re-
ports of dizziness only with ciprofloxacin.

Several cases of psychosis,?7-3149-87-891 delir-
fum,[2426:32.90.911 manial’+21 and hallucinations?*74
have been reported, mainly with ciprofloxacin
and ofloxacin, despite their rarity. We believe
that these events were commonly reported in the
literature because of their seriousness (they can
progress to self-endangering, being life-threatening
or even fatal), severity and providing new in-
formation at the time of the report. Additionally,
as mentioned earlier, CNS adverse events may be
over-represented because the characteristics of
these events are well known by healthcare pro-
fessionals, as they are more frequently reported
than common gastrointestinal events or dizziness
and headache (the most common CNS adverse
effects listed in the SPCs of several quino-
lones).[P3-119:120.125-126] A arge, retrospective, 5-year
study showed that psychiatric adverse events
associated with fluoroquinolones occurred in
0.015% of inpatients.® Insomnia has been re-
ported in about 4.7% of patients treated with
ofloxacin, while psychosis occurs in <1% of
patients.[13:93.119.120.125.126] Therefore, reports of
insomnia are expected with quinolones, as well as
delirium and psychosis. Insomnia has also been
reported to the French database (2006) as a
common ADR (8%).°3! Delirium and psychosis
may also result from a quinolone-drug inter-
action (table IV); however, for the majority of
cases identified in this review, there was no pre-
cipitating factor for the development of such
CNS adverse events.
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An isolated case of an acute psychotic reaction
following the use of topical ciprofloxacin (one
eyedrop every hour) in a young woman was re-
ported by Tripathi et al.*] This ADR was sus-
pected to be idiosyncratic, aided by the increased
systemic absorption of ciprofloxacin secondary
to the severe eye inflammation. A second case of
neurotoxicity following topical administration of
ciprofloxacin was identified by Orr and Rowe.[>!
In this case, several episodes of grand mal con-
vulsions following the intermittent prescription
of ciprofloxacin eardrops was reported.’”) No
other cases of ADRs following topical adminis-
tration of ciprofloxacin or any other quinolone
were identified. In fact, it is important to take
into consideration that topical medication, de-
spite being frequently omitted from medical his-
tories, can produce systemic effects, especially
where there are precipitating factors such as
concomitant drugs, previous psychiatric dis-
turbances, alcohol abuse and epileptogenic pre-
disposition.

A case of delusional parasitosis due to cipro-
floxacin, apparently the first such case report,
has been reported in the literature.®¥ Hallu-
cinations, which can be a symptom of psychosis,
are rare among patients taking only fluoroquin-
olones, but are frequent in patients using multiple
drugs, with a quinolone being one of them. An
analysis of the Swedish database, Sweweb,!!?4
showed a small number of reports of hallu-
cinations after ciprofloxacin and levofloxacin
administrations.

Antibacterials are believed to be associated
with mania, despite being a rare event and af-
fecting individuals in an unpredictable way, as
cited by Abouesh et al.’¥ In total, 40 cases of
fluoroquinolone-induced mania have been re-
ported worldwide,’+°1 and this is the most
common psychiatric ADR reported with fluoro-
quinolones (mainly with ciprofloxacin, ofloxacin
and norfloxacin), even though the SPCs of quin-
olones do not list this clinically significant ad-
verse event.[119-120:125.1261 Manja symptoms in
some patients, as discussed by Abouesh et al.,[’¥
may be idiosyncratic, unless the patient has had
a history of personality disorders or psychosis,
which put them at a higher risk of developing
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mania.’#92! Several mechanisms have been pro-
posed for antibacterial-induced mania, but with
reference to quinolones, GABA inhibition is the
agreed mechanism. James and DemianB!l sug-
gested that sepsis or brain injury/trauma may also
be contributing factors. Because of the char-
acteristics of mania reactions (seriousness and
consequences/outcome), these events are more
frequently reported by healthcare professionals
than other events. In addition, Abouesh et al.[’#
presented an overview of spontaneous reports to
WHO and US FDA databases, which increases
the number of known reports.

A variety of hyperkinetic movement dis-
orders have been described after the administra-
tion of quinolones, especially ciprofloxacin. Among
them, tremor is a rare event,l''®!2%1 which is
consistent with the number of reports published
(one case).”! Other abnormal movements included
grimacing,®® chorea,”! dyskinesia,®**® Tourette-
like syndrome,®®-1%1 propriospinal myoclonus!°!l
and dystonia.l°! Of those, movement disorders
are listed in the US SPC for ciprofloxacin!!'!”]
and other quinolones.['20-125.126] These events
have been reported mainly in the elderly and
in patients with liver or renal diseases, which
is consistent with the predisposing factors for
neuropsychiatric ADRs induced by quinolones.
Dyskinesia was reported even in patients with
slight changes in liver metabolism.”* Subclinical
hepatocerebral degeneration might also be a
precipitating factor for grimacing and dyskine-
sias.”®! The emergence of psychosis and Tourette-
like manifestations suggests that quinolones might
have some central dopaminergic action as dopa-
minergic mechanisms are involved in the genesis
of Tourette’s syndrome. GABA antagonism in
the basal ganglia may disinhibit dopaminergic
mechanisms.’>19 This evidence was supported
in a mouse model where haloperidol protected
against quinolone-induced seizures.['0"]

Gait disturbances associated with gatifloxacin
have been reported!'”?! despite being a listed
event for some fluoroquinolones.[3:119,120.125,126]
Hemiparesis, accompanied by dysarthria and
dysphonia following the administration of cipro-
floxacin was reported in an adolescent. The patient
was positively rechallenged, i.e. a new episode of
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hemiparesis occurred. This case suggests a vas-
cular mechanism affecting the brain system.['03
Hemiparesis is not listed in the US SPC for
ciprofloxacin!! ! or any other quinolone.[120:125:126]
Sleep disorders, nightmares and insomnia were
identified in children aged 6 and 10 years.l'03
Patients taking a recommended dose of ofloxacin
complained of sleep disturbances. In two case re-
ports, the symptoms resolved after ofloxacin sus-
pension and did not reoccur once a new quinolone
was introduced.!'® These reports are consistent
with the information collected from Sweweb,!124
despite being rare.['>l Although these events seem
to be common in children, no special warnings
are listed in the US SPC of ofloxacin.[123]

Catatonic syndrome has been reported as a
complication of thyphoid fever, but the involve-
ment of ciprofloxacin in a patient being treated
for thyphoid fever remains uncertain and no clear
causal relationship can be made.l'%! Recently,
catatonia was reported following the administra-
tion of levofloxacin.['%! The underlying hypotheses
suggest that catatonia is due to a dysregulation
of the dopaminergic neurotransmission or the
GABAergic neurotransmission, with the dysre-
gulation of the GABAergic neurotransmission
being the most consensual hypothesis.['l The
administration of quinolones to patients where
neuromuscular transmission has already been
affected can aggravate or unmask myasthenia
gravis. Possible exacerbation of myasthenia gravis
has been reported with several quinolones. This
review identified two cases of exacerbation of myas-
thenia gravis after the administration of nor-
floxacin!'®”V and ciprofloxacin.['*®] More recently,
the FDA warned that fluoroquinolones should
be avoided in patients already experiencing
myasthenia gravis because of their neuromus-
cular blocking activity and thus the exacerbata-
tion of muscle weakness.[6:107:108.127]

Despite the majority of quinolones being
withdrawn from the market or their use being
restricted, no major differences in their CNS ad-
verse reaction profile were identified. Because of
a worldwide use of ciprofloxacin, we found more
individual case reports associated with this drug
than with other quinolones, which was expected.
Levofloxacin, also used worldwide, has fewer
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neuropsychiatric ADRs due to the lowest CNS
penetration. Levofloxacin also has a low poten-
tial for interaction with CYP, minimizing the risk
of drug interactions and allowing it to be an op-
tion in polypharmacy. Several CNS adverse re-
actions were also identified for ofloxacin and
pefloxacin, which may be over-representative as
these drugs are used in a less extent than cipro-
floxacin. In terms of the events themselves, the
types of events seen comparing different quino-
lones was consistent and similar from one quin-
olone to the other.

The results from the literature review showed
that about half of the individual case reports were
serious, with the majority of them being asso-
ciated with hospitalization or prolongation of the
existing hospitalization. The other half provided
no information on the seriousness of the case but
we consider that these case reports indicated an
event sufficiently serious and/or unexpected to be
reported in the worldwide literature and therefore
clinically relevant/significant. Moreover, the cases
occurred mainly in patients in ambulatory care
rather than inpatients and this is consistent with
the therapeutic uses/indications of quinolones.

This literature review has some limitations re-
garding how subjective the selection of articles
was. The limitations were mainly due to the
methodology used to conduct the review, which
excluded clinical trials and observational studies.
This was because the aim of the study was to
identify case reports and case series from the lit-
erature and to characterize the CNS adverse re-
action profile of quinolones based on case reports
and case series. Because of the information that
can be retrieved from clinical trials, an important
bias was introduced in this review. Additionally,
the quality of the case reports, the lack of com-
pleteness and detailed information of the in-
dividual case reports may also introduce bias.
The bias was minimized by using the guidelines
for submitting adverse events reports for pub-
lication,™®! which helped us to collect the most
appropriate information from each identified
case report/case series, increasing the quality of
the information retrieved. Several reports were
published prior to those guidelines (prior to
2007), which decreased the amount of informa-
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tion available, clarity and quality of the earlier
case reports. The information retrieved from the
literature may be an important pharmaco-
vigilance tool, especially in the evaluation of the
safety profile of a drug and the benefit-risk ana-
lysis. The lack of information on the reported
ADRs at the time of publication of the articles
included in our review meant we could not eval-
uate the impact of such publications in the SPCs
of the marketed quinolones. As we could not re-
trieve the history of the SPCs, especially those at
the time of publication of the articles, we do not
have accurate information as to whether the
event was labelled or not at that time or if it was
included in the SPCs after publication. Due to the
absence of information on patient exposure, it
was not possible to evaluate/estimate the fre-
quency of these ADRs.

5. Conclusions

The results of our review showed that the
majority of CNS adverse reactions was expected
for quinolones, in particular for ciprofloxacin.
Ciprofloxacin, ofloxacin and pefloxacin were the
quinolones with more neurological and psychia-
tric ADRSs reported in the literature. Ciproflox-
acin has been extensively used worldwide, which
may explain the observed pattern of ADRs, while
for ofloxacin and pefloxacin, the number of re-
ports may be over-represented.

Mania, the most reported event, is not in-
cluded in the SPC of quinolones; however, due to
the high number of reports, the need for its in-
clusion in the SPCs should be evaluated by the
manufacturers, and the underlying mechanism
clarified. Literature searches such as this are a
known pharmacovigilance tool, which can be
used in updating SPCs.

Patients with underlying medical conditions or
receiving concomitant medication may be at
higher risk of developing neuropsychiatric ADRs;
however, these events may also occur in ‘healthy’
patients. One factor that should be further
investigated is a possible cross-reactivity between
quinolones.

Several factors should be taken into account
when explaining CNS adverse effects, such as CNS
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penetration, chemical structure of the quinolone
and the convulsive activity of each quinolone.
Although these factors have been identified, the
propensity of individual quinolones to cause
convulsions is unclear and further research is
warranted.
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