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While they are very useful agents, fluoroquinolones (FQs) are associated with a number of serious adverse effects
(AEs). The objective of this paper is to describe the characteristics of frequent serious AEs related to FQs along
with their risk factors, their safety in specific populations, and the main drug-drug interactions that may occur.
Serious AEs commonly associated with FQs include tendon disorders (particularly tendinopathy and tendon
rupture), CNS toxicity (seizure and encephalopathy), peripheral neuropathy (including small fiber neuropathy),
cardiovascular toxicity (QT interval prolongation, dissection, and aneurysm rupture), disrupted glucose meta-
bolism, phototoxicity, C. difficile infections, acute renal failure, and hepatic toxicity. Most of these AEs are
common to all FQs, but some, such as acute kidney failure on crystallization with ciprofloxacin or norfloxacin,
are more specific. Unlike the AEs associated with most other antibiotics, some of these AEs (e.g. tendinopathy or
neuropathy) may occur after FQ discontinuation, and others may subsequently progress (e.g. FQ-associated
disability). The risk of serious AE is heightened by factors having to do with patient age and comorbidities,
the characteristics of the FQ treatment (dose and/or duration) and associated drug intake. To conclude, FQs
appear to be associated with a higher risk of serious AEs than most of the other antibiotics available for the same
indications, however some AEs can be avoided by bearing in mind the predisposing risk factors.

1. Introduction main antibiotics available for the same indications. However, FQs

appear to be associated with a higher risk of AEs, especially of serious

Even though the safety profiles of fluoroquinolones (FQs) are now
relatively well-established, doubts persist about a possibly increased risk
for certain rare adverse effects (AEs), one of them being retinal
detachment [1]. Due to the infrequency of AEs, clinical trials often fail to
detect them, and changes in FQ safety profile only gradually ensue, once
post-authorization observational studies, meta-analyses of clinical trials,
and pharmaco-epidemiological studies have become available. Indeed,
once a new risk of an AE has been identified, these studies may not only
confirm an association with exposure to an FQ, but also describe the AE
and determine its characteristics and risk factors. The objective of this
article is to detail the characteristics of common serious AEs associated
with FQs including, where available, their risk factors, their safety in
specific populations, and major drug-drug interactions.

2. Generalities

It is difficult to compare the safety profile of FQs to that of the other

AEs. In a meta-analysis of 28 clinical trials that compared AEs due to FQs
versus other antimicrobials prescribed in primary care, the incidence of
treatment discontinuation due to AEs was higher for FQs (OR 1.19
[1.00-1.42]). FQs were associated with more central nervous system
(CNS) (OR 1.40 [1.12-1.75]) and more gastro-intestinal (GI) (OR 1.20
[1.06-1.36])-related AEs compared with other types of antimicrobial
(aside from the combination of amoxicillin/clavulanic acid for GI-
related AE) [2]. The incidence of cutaneous AEs was significantly
lower than with trimethoprim/sulfamethoxazole (OR 0.25 [0.10-0.63]).
In addition, unlike most other antibiotics, some AEs attributable to FQs
(such as tendinopathy or neuropathy) may occur after FQ discontinua-
tion and others may subsequently progress (e.g. FQ-associated
disability) [3]. Finally, some serious AEs can be avoided by keeping in
mind the risk factors predisposing to FQ-related AEs.
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3. The main serious adverse effects reported during
fluoroquinolone therapy

3.1. Musculoskeletal adverse effects

3.1.1. Tendon injury (tendinopathy and tendon rupture) [4-6]

FQs are associated with an increased risk of tendinitis and tendon
rupture (preceded or not by tendinitis), including after short-term
treatment. They particularly affect (about 90 % of cases) the Achilles
tendon but can also affect the biceps, the quadriceps and the rotator cuff
tendons. Involvement can be unilateral or bilateral. Although manifes-
tations can begin within the first 48 h of treatment, median time to onset
is about six days, and the risk persists for up to three months after FQ
discontinuation (half of the cases occur after FQ is discontinued). The
risk seems to be the same for the different FQs currently on the market.
In addition to previous Achilles tendinopathy or tendon rupture, risk
factors include: age (> 65 years), associated (especially systemic),
corticosteroid therapy, impaired kidney function (acute or chronic renal
failure), duration of treatment, high cumulative dose, and transplant
reception. These effects are explained by degenerative damage to
collagen and reduced synthesis of proteoglycans. More than a dozen
published pharmacoepidemiologic studies have evaluated the risk of
tendon damage and rupture, particularly Achilles tendon rupture
[3,5,7,8]. All are consistent and the majority show an almost 3-fold risk
increase (potentially less for 3rd-generation FQs, but in only one study).
This increase could rise up to 20-fold in case of concomitant use of
corticosteroids; it would then affect about 6 out of 10,000 treated
patients.

3.1.2. FQ-associated disability [9]

A new toxicity, FQ-associated disability (FQAD), was described for
the first time in 2015 [10]. Four patients with no previous history
developed symptoms while on FQs, with progression that continued
following discontinuation and evolved into a severe, disabling multi-
symptomatic profile involving tendinopathy, muscle weakness, periph-
eral neuropathy, autonomic dysfunction, sleep disorder, cognitive
dysfunction and psychiatric disturbance, suggesting a link with the
neuropsychiatric toxicity of FQs. Some authors have referred to delayed
mitochondrial toxicity (“exposure-induced mitochondrial neuro-
gastrointestinal encephalomyopathy™) [10]. The number of reported
cases of FQAD is very low [11,12]. However, the severity and very
prolonged duration of the manifestations (several months or years),
which are not always reversible, has led the health authorities (FDA,
EMA, etc.) to inform health professionals of this risk and to restrict the
indications of FQs [13].

3.1.3. Myasthenia gravis

Due to structural features similar to quinoline derivatives, which
block neurotransmission and aggravate muscle weakness in individuals
with myasthenia gravis, FQs may exacerbate the disease in these
patients.

3.2. Neuropsychiatric adverse effects [14,15]

Neuropsychiatric AEs occur in 1-4.4 % of patients, second in fre-
quency after gastrointestinal AEs. Although the most common distur-
bances are non-serious (irritability, insomnia,..), compared to other
antibiotics such as macrolides or amoxicillin/clavulanic acid, FQs are
associated with a higher risk of serious neuropsychiatric AEs, including
peripheral neuropathy [16,17]. The phenotype of serious AEs is quite
broad, with both CNS-related AEs (encephalopathy, convulsions, etc.),
and peripheral effects such as neuropathy. Central neurotoxicity ap-
pears, at least in part, to be concentration-dependent [18], while pe-
ripheral neuropathies depend on cumulative dose and duration of
treatment [17].
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3.2.1. Central nervous system adverse effects

CNS-related AEs (seizures and encephalopathy) are explained by the
structural similarity of FQs to GABA agonists (FQs can displace GABA
from its receptors, decreasing GABAergic inhibition and leading to CNS
stimulation) and by their N-methyl-D-aspartate (NMDA) agonist effect
[18]. Risk factors include high dosage, history of seizures, older age,
electrolyte disorder, associated drug lowering the seizure threshold,
impaired kidney or liver function, and association with an NSAID. The
risk of seizures and other CNS-related AEs may be heightened by
increased CNS penetration and a particular structure of the FQ. While
only levofloxacin and ofloxacin are contraindicated in patients with
seizure, all FQs are listed as drugs that lower the seizure threshold [19].
After discontinuation, central disorders typically regress within a few
days. Cases of benign intracranial hypertension have been reported, and
in one study, a link is suggested [20]. Psychiatric AEs are most often
benign (nervousness, agitation, insomnia, anxiety, nightmares, confu-
sion), but (visual, auditory or tactile) hallucinations, psychomotor
agitation, and even delirium have been reported. The incidence of
delusional psychiatric disorders is particularly high in elderly patients,
estimated at 3.7 % of those treated in a study of American veterans
(median age 71 years) [21]. The identified risk factors were older age
and neuroleptic treatment. However, as the effects are concentration-
dependent, any other risk factor for overexposure (high dosage, non-
adaptation to renal function, etc.) increases this risk. Lastly, a pharma-
coepidemiologic study did not conclude that risk of suicide increased in
patients treated with FQ.

3.2.2. Peripheral neuropathy

At least three pharmacoepidemiologic studies have investigated the
risk of peripheral neuropathy associated with fluoroquinolone use
[16,17,22]. All of them are consistent and conclude that the risk of
neuropathy is increased by a factor of 1.5 to 2. As the baseline risk of this
event is very low, AE incidence in patients treated with fluoroquinolones
remains extremely limited. One study estimated that between 120,000
and 200,000 patients need to be treated for 10 days before observing an
additional case of peripheral neuropathy. The risk of peripheral neu-
ropathy (sensory or sensory-motor polyneuropathy) is increased by
duration of treatment and cumulative dose [17], rising by 3 % for each
additional day of exposure. After discontinuation, regression is slow, but
neuropathy is not always reversible. Cases of acute small fiber neurop-
athy with delayed diagnosis due to the initial normality of the electro-
myogram have been reported [23].

3.3. Cardiovascular effects

3.3.1. Arrhythmias: QT interval prolongation and torsades de pointes

The main cardiovascular risk associated with FQ prescription is the
risk of torsades de pointes in connection with a concentration-dependent
QT interval prolongation. This type of cardiac toxicity is most often
observed in two circumstances: high dosage (or overly rapid infusion);
risk factors related to the patients (comorbidities) or to associated drugs
[24]. A meta-analysis of clinical trials concluded that there was an
increased risk of arrhythmia and cardiovascular mortality with FQs,
with the risk of arrhythmia being particularly pronounced for moxi-
floxacin (risk doubled compared to ciprofloxacin and levofloxacin) [25].
Aside from moxifloxacin and in the absence of a risk factor, the absolute
risk of torsades de pointes with FQs is low (about 160 sudden deaths or
serious ventricular arrhythmias per 1,000,000 treatments) [26]. How-
ever, this risk increases in cases of hypokalemia, hypomagnesemia,
concomitant use of QT-prolonging or bradycardic drugs, or in the
presence of an underlying cardiac pathology. In addition, women are
more affected than men [24]. FQs are classified into three groups ac-
cording to potential QT interval prolongation. Moxifloxacin (group 1),
has the highest risk, especially when delivered by the intravenous route.
Its effect on the QT interval is virtually constant [27], which explains its
contraindications. The risk is lower (group 2) for levofloxacin,
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norfloxacin, ciprofloxacin and ofloxacin. Finally, data on delafloxacin
remain insufficient to draw conclusions.

Moxifloxacin in patients with risk factors for torsade de pointes is
contraindicated. In practice, they are patients treated with another
torsadogenic drug (see ref [19] and § interactions), patients with
congenital or acquired QT prolongation, hydro-electrolytic disorders
(particularly hypokalemia or uncorrected hypomagnesemia), clinically
significant bradycardia, heart failure with reduced ejection fraction, or a
history of clinically significant arrhythmias. Aside from these situations,
during treatment with moxifloxacin, hypokalemic or bradycardic drugs
should be used cautiously. For injectable moxifloxacin, as the extent of
QT prolongation rises with increasing plasma concentrations due to
rapid intravenous infusion rate, infusion duration should not be less than
recommended (60 min), and the intravenous dose of 400 mg once daily
should not be exceeded. Use of ciprofloxacin, levofloxacin, norfloxacin,
and ofloxacin with a torsadogenic drug is possible, but requires QT in-
terval monitoring. As this is a concentration-dependent AE, ECG must be
performed when the plasma concentration of the FQ is highest (Cmax).
Ciprofloxacin, levofloxacin, norfloxacin, and ofloxacin should likewise
be used cautiously in patients with known risk factors for QT interval
prolongation (see above).

3.3.2. Aortic involvement: dissection, aneurysm and aneurysm rupture

More than ten studies on this topic have been published, with at least
eight concluding that the risk of aortic dissection or aneurysm rupture is
increased by 1.5 to 2.5. Most of the positive studies have been conducted
by comparing the risk entailed by fluoroquinolone with that observed
with amoxicillin (with or without clavulanic acid) [3,28-31]. Studies
with negative results used various comparators or attempted to consider
in depth the potential influence of the infectious site (particularly uri-
nary tract infection vs. respiratory infection). Although there is currently
no absolute consensus on the risk of aortic wall injury, the number of
concordant studies and the existence of a strong pharmacodynamic
rationale lead to recommending precaution in patients with known prior
aortic frailty. The risk is recognized by several drug agencies (FDA,
Health Canada, etc.). The exact mechanism has not been confirmed.
However, ultrastructural similarity of the tendon and the aortic wall, as
well as the effects of FQs on certain matrix metalloproteinases, could
explain the association.

3.3.3. Aortic and mitral valve diseases

Four studies on the subject are identifiable, two of them positive (one
is very small) concluding that there is a potential increase in the risk of
valvular disorder, and the other two negative [32-34]. As it stands, the
existing pharmacoepidemiologic studies do not demonstrate a potential
risk of valvular injury, even if it cannot be fully ruled out.

3.4. Renal adverse effects [35]

Use of FQs can be complicated by kidney failure, but this type of side
effect remains rare. In a case-control study in men aged 40 to 85 years,
there was a small but significant increase in the risk of acute kidney
injury with oral FQs (OR 2.18 [1.74-2.73] (i.e. one additional case per
1529 patients treated), whereas the risk was not increased with amox-
icillin or azithromycin [35]. In concomitant treatment with renin-
angiotensin system inhibitors, the risk of acute renal failure was
quadrupled (OR 4.46 [2.84-7]) [35]. Several types of kidney damage
have been reported. The most common is acute immuno-allergic tubu-
lointerstitial nephropathy, which occurs at therapeutic doses (not con-
centration —dependent) and usually within the first three weeks of
treatment, peaking within the first ten days. Asymptomatic or compli-
cated by acute renal failure, crystalluria has been reported with nor-
floxacin and more often with ciprofloxacin, which are insoluble at
neutral or alkaline urinary pH and crystallize in alkaline urine (pH >
6.8) [36]. In addition to urinary pH, the risk of crystalline nephropathy
is heightened by high dose or non-adjusted dose in patients with

Infectious Diseases Now 55 (2025) 105064

declined kidney function, insufficient hydration, an associated nephro-
toxic drug (NSAIDs, renin-angiotensin system inhibitor, diuretic, etc.)
and older age. While it can occur at any time during treatment as long as
the relevant risk factors are met, it is most often observed during the first
15 days and is reversible; unlike situations characterized by the occur-
rence of acute immuno-allergic interstitial nephritis, future use of FQs is
not contraindicated. Finally, acute tubular necrosis (in the absence of
crystalluria) has been reported, mainly in cases of high dosage.

3.5. Hypoglycemia and hyperglycemia

Patients treated with FQs present an increased risk of hypoglycemia
or hyperglycemia compared to those treated with other antibiotics. At
least four studies have been published regarding the risk of hypoglyce-
mia, two of which explored the risk of dysglycemia and hyperglycemia
[37-39]. All of them present consistent results and conclude that the risk
of hypoglycemia and hyperglycemia is increased by a factor of 1.3 to 2.
Estimated risks were found to be lower for levofloxacin or ciprofloxacin
when the products were evaluated individually (two studies) [38,39].
Risk of dysglycemia seems to increase, especially in patients with dia-
betes mellitus [37], leading to recommendations of intensified glucose
blood monitoring during FQ treatment periods. One suggested mecha-
nism consists in an effect on the ATP-sensitive potassium channels of
pancreatic islet cells allowing the entry of calcium and the release of
insulin.

3.6. Hepatotoxicity [40,41]

While trovafloxacin has been withdrawn from the market due to its
hepatotoxicity, some currently marketed FQs can cause serious liver
damage; however, incidence has remained low. Small increases in liver
enzymes occur in 1 % to 3 % of patients receiving ciprofloxacin, nor-
floxacin, or ofloxacin. In one study, the crude incidence of medically
significant acute liver injury, estimated at 1/100,000 patients for FQs,
was much lower than that associated with amoxicillin/clavulanic acid
(20/100,000), which is the antibacterial agent most frequently impli-
cated in liver damage, close to that of erythromycin (2/100,000), and
higher than that of amoxicillin [42]. For other authors, it is likewise
much lower than the incidence observed with amoxicillin/clavulanic
acid, which has also been estimated at 1/2500 patients [43]. However,
currently available FQs only rarely cause serious acute hepatocellular
damage (hepatic necrosis and hepatic failure) by means of an immuno-
allergic mechanism, and occurs one to four weeks after treatment
initiation. The FQs most frequently associated with reported cases of
liver damage are ciprofloxacin and levofloxacin however they are also
the most widely prescribed. Given the functioning of the immuno-
allergic mechanism, treatment resumption is contraindicated.

3.7. Skin and immuno-allergic adverse effects

The risk of severe cutaneous adverse reactions (SCAR) (i.e. Stevens-
Johnson syndrome, toxic epidermal necrolysis, DRESS syndrome, etc.) is
lower than that associated with other antibiotics. In a recent study on
elderly patients (> 66 years) hospitalized for skin AE after antibiotic
therapy, the risk of SCAR (compared to that of macrolides) was lower
with FQs (aOR 1.3 [1.2-1.4]) and penicillin derivatives (aOR 1.4
[1.3-1.5]) than with sulfonamides (aOR 2.9 [2.7-3.1]) and cephalo-
sporins (aOR 2.6 [2.5-2.8)) [44].

Immediate hypersensitivity reactions are rare. In the event of an
anaphylactic reaction with a FQ, only until an allergology consultation is
resumption of another FQ contraindicated; risk of recurrence with
another fluoroquinolone is not constant (around 15 %) [45]. Risk of a
phototoxic reaction is present with all FQs, with the probable exception
of delafloxacin, but differs according to their respective chemical
structures (lomefloxacin > ciprofloxacin > enoxacin > levofloxacin >
ofloxacin > norfloxacin > moxifloxacin). Patients should avoid
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Table 1

Main risk factors for serious adverse reactions with fluoroquinolones.

Risk factors predisposing to FQ-
related AE

Types of serious AEs for which the

risk is increased

Patient characteristics and comorbidities

—age > 60 years

—impaired renal function, acute or
chronic renal failure, hemodialysis

—solid organ transplant

—diabetes

—glucose-6-phosphate dehydrogenase
deficiency

—myasthenia gravis

—history of seizures

—psychiatric history
—history of clinically significant
arrhythmias

—uncorrected electrolyte disorder
(hypokalemia, hypomagnesemia,
hyponatremia)

—dehydration

—congenital/acquired QT prolongation,
significant bradycardia, heart failure
(clinically significant reduction in left
ventricular ejection fraction)

—aortic aneurysm, history of aortic

dissection, family history of aneurysm,

connective tissue disorders (Marfan,
Ehlers-Danlos, Turner, rheumatoid
arthritis), vascular disorders (high
blood pressure, known
atherosclerosis), vasculitis (Behget,
Takayasu, giant cell arteritis,
Sjogren’s)

—heart valve disease, confirmed family
history of congenital heart valve
disease, infective endocarditis

—alkaline urinary pH

Treatment features
—high dosage or not adapted to kidney
function

—long duration of treatment or high
cumulative dose
—overly rapid infusion (moxifloxacin)

—tendinopathy/tendon rupture
—convulsions

—psychiatric adverse reactions
—tendinopathy/tendon rupture
—convulsions

—QT interval prolongation
—tendinopathy/tendon rupture
—hypo or hyperglycemia
—hemolysis

—myasthenia gravis flare-up

—seizures

levofloxacin or ofloxacin are
contraindicated

—psychiatric adverse reactions

—QT interval prolongation, torsades de
pointes

moxifloxacin is contraindicated
—QT interval prolongation, torsades de
pointes (if hypokalemia or
hypomagnesemia not corrected);
moxifloxacin is contraindicated
—convulsions (if hyponatremia)

—for ciprofloxacin or norfloxacin: acute
renal failure (urine crystallization)
—QT interval prolongation, torsades de
pointes

moxifloxacin is contraindicated

—aneurysm rupture and aortic
dissection

— possible aortic or mitral valve
involvement

—for ciprofloxacin and norfloxacin =
acute renal failure (renal crystallization)

—convulsions

—psychiatric adverse effects

—QT interval prolongation, torsades de
pointes (major for moxifloxacin)
—tendinopathy/tendon rupture
—neuropathy

—QT interval prolongation, torsades de
pointe

Drug-drug interactions (also see Table II interactions)

—corticosteroid therapy (especially if
systemic or prolonged)

—torsadogenic drugs (see Table II
interactions)

— drugs lowering the seizure threshold
(see Table II interactions)

—nephrotoxic drugs: NSAIDs, renin-
angiotensin system inhibitors,
diuretics, ...

—nonsteroidal anti-inflammatory drugs

—tendinopathy/tendon rupture (risk x
20)

—aneurysm rupture, aortic dissection,
possible aortic or mitral valve
involvement

QT interval prolongation, torsades de
pointe

—seizures

—for ciprofloxacin and norfloxacin acute
renal failure (renal crystallization)

—seizures
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significant direct exposure to sunlight or UV radiation during treatment
and, as regards levofloxacin, for 48 h after discontinuation.

3.8. Clostridioides difficile-associated disease

C. difficile infection is one of the most commonly reported AEs with
FQs, which were nevertheless initially associated with a lower risk than
other antibiotics. Ciprofloxacin and moxifloxacin are actively elimi-
nated by the biliary route and reach high concentrations in the feces, and
theoretically have the greatest impact on the gut microbiota, especially
moxifloxacin (due to its activity against anaerobes). Stool-to-plasma
concentration ratios are highest for ciprofloxacin and norfloxacin
(approximately 100-fold) [46]. This ratio is in the range of 10 to 15 for
levofloxacin, moxifloxacin and ofloxacin. In addition, very high con-
centrations of ciprofloxacin (around 1 g/g of stool) have been found in
healthy volunteers up to seven days after a single dose.

3.9. Ocular effects

At least five pharmacoepidemiologic studies regarding the risk of
retinal detachment have been published [1]. The results present major
discrepancies, with half of the studies concluding the risk is increased
and the other half that it remains unchanged. Pharmacoepidemiologic
evidence fails to provide adequate safety assessment, and information
from other sources (preclinical, pharmacovigilance) is likewise limited.
The underlying hypothesis is premised on the ability of FQs to interfere
with synthesis of the different types of collagen that attach the retina to
the choroid.

As for the risk of uveitis, three pharmacoepidemiologic studies have
been published; only one concludes that there is an increased risk [47].
As of now, limited available pharmacoepidemiologic evidence does not
confirm the existence of this risk.

4. Risk factors predisposing to FQ-related AEs

The risk of serious AEs is heightened by risk factors related to patient
characteristics and comorbidities, the characteristics of FQ treatment
(dose and/or duration) and associated drugs. Risk factors predisposing
to FQ-related AEs are summarized in Table 1. Most are common to all
FQs, but some are more specific to ciprofloxacin and norfloxacin (risk of
acute kidney failure on crystallization) and to moxifloxacin (QT
prolongation).

5. Special populations
5.1. Elderly subjects [48]

It is not so much age per se that alters the safety profile of FQs, but
rather comorbidities, physiological changes in kidney function, and
associated treatments that favoring certain adverse effects.

Older people have a higher risk of tendon damage (see § 3.1.1.
Tendon injury), including rupture. The consequences of tendon rupture
in the elderly make it essential to systematically check for other risk
factors and to inform the patient on the first symptoms of tendinitis. The
risk of neuropsychiatric disorders, particularly seizures, also increases,
especially in the over 80 s. They are more common when neurological
pathologies predispose to seizure (previous seizure, recent stroke, etc.)
or if the dosage of FQ is too high and non-adjusted to renal function. In
one study, elderly patients with advanced chronic kidney disease treated
with FQs at a dose higher than recommended were significantly more
often hospitalized for neurological or psychiatric adverse events [49].

The risk of arrhythmia related to QT interval prolongation is also
higher, due to risk factors such as hydro-electrolytic disorders (hypo-
kalemia, hypomagnesemia), and bradycardia induced by antiar-
rhythmic drugs (quinidine, procainamide, amiodarone, sotalol, etc.).
Similarly, cardiovascular risk factors more specific to elderly subjects



A.-P. Jonville-Béra et al.

(aortic aneurysm, heart valve disease, vascular pathologies, etc.) favor
an increased risk of aneurysm, aortic dissection and valve regurgitation.

One study also reported an increased risk of acute kidney injury in
patients over 65 years of age, likely related to known risk factors for
crystallization of ciprofloxacin and norfloxacin (insufficient hydration,
drugs associated with nephrotoxicity) [50]. Some studies also report an
increased risk of C. difficile infection in elderly patients. Lastly, renal
function declines steadily with age and when clinically relevant reduc-
tion in creatinine clearance occurs, dosage of renally excreted FQs
should be adjusted.

5.2. Patients with renal or hepatic impairment

5.2.1. Renal impairment

The FQs other than moxifloxacin are often eliminated by the renal
route in unchanged form (40-90 % according to FQ) [51,52]. That is
why, in patients with impaired renal function, dosage of these FQs must
be reduced using Cockroft-Gault formula, the objective being to reduce
the risk of concentration-dependent AEs.

— ciprofloxacin: dosage should be adjusted as soon as creatinine
clearance is less than 60 ml/min

— levofloxacin and ofloxacin: dosage should be adjusted as soon as
creatinine clearance is less than 50 ml/min

— norfloxacin, delafloxacin and lomefloxacin: dosage should be
adjusted as soon as creatinine clearance is less than 30 ml/min; for
intravenous delafloxacin, there is a risk of accumulation of sodium
sulfobutyl betadex ether sodium, the intravenous delivery route, in pa-
tients with moderate to severe renal impairment, necessitating a switch
to the tablet form.

— moxifloxacin: no adaptation

5.2.2. Hepatic impairment

Based on limited clinical data on hepatic elimination in this popu-
lation, moxifloxacin is contraindicated in patients with severe hepatic
impairment (Child-Pugh C) and in those with transaminase values 5-fold
higher than normal. For ofloxacin, it is recommended, due to potentially
decreased excretion in patients with hepatic impairment, that the
maximum daily dose of 400 mg not be exceeded. For other FQs, there is
no need to change the dosage.

5.3. Pediatric patients

In some very specific severe infections, ciprofloxacin and ofloxacin
may be used in children and adolescents, whereas due to reported cases
of severe arthropathies selectively affecting the large joints, the other
FQs are contraindicated until the end of the growth period. This risk of
joint damage has been demonstrated in animals and cases have been
reported in pediatrics [53]. However, the affected children were being
treated for cystic fibrosis pulmonary superinfection, which can lead to
arthropathies, and most of the severe cases occurred with pefloxacin,
which entailed greater joint toxicity than other FQs [54].

A meta-analysis of 51 studies (mostly with ciprofloxacin) showed
that the risk of musculoskeletal AEs was approximately doubled in
children treated with FQ [55]. The FDA’s analysis of the safety data for
ciprofloxacin and levofloxacin collected in pediatric clinical studies
concluded that there was a slightly increased risk of musculoskeletal AEs
in children receiving fluoroquinolones compared to other antibacterials
[56]. Regarding the risk of Achilles tendon rupture, two pharmacoepi-
demiologic studies focused more specifically on the pediatric population
and did not find any association, and with an extremely reduced number
of AEs in both fluoroquinolone users and non-users, attesting to the low
risk of Achilles tendon rupture in this population; moreover, these
musculoskeletal disorders are most often moderate and reversible. As for
severe joint damage, which is very rare, the size of clinical studies is
insufficient to highlight this specific risk. Indeed, the period of
maximum risk of arthropathy represented by the growth period in
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animals, the high concentration of certain FQs in the cartilage, and their
effect on the differentiation of certain chondrocytes are arguments
suggesting a specific effect of FQs on growth cartilage, even if the link
has not been formally demonstrated [57,58]. To summarize, use of FQs
in pediatrics must remain exceptional and be initiated by prescribers
experienced in the management of severe childhood infections or cystic
fibrosis.

5.4. Pregnancy [59]

Levofloxacin and moxifloxacin are contraindicated during preg-
nancy and other FQs are not recommended or should be avoided due to
their toxicity to developing cartilage, which has been observed in
experimental studies: alteration of immature joint cartilages of weight-
bearing joints in young dogs, proportional to dose and duration of
treatment. As this risk has also been identified in young children, the
question of joint toxicity after exposure during the fetal period remains
unanswered, even if no case of cartilage damage secondary to treatment
during pregnancy has been described to date. Regarding malformation
risks (specific to 1st trimester exposure), meta-analysis of eight cohort
studies and two case-control studies did not show a significant increase
in the rates of major malformations with FQ treatment (RR, 0.89
[0.70-1.14]) during the 1st trimester of pregnancy, particularly with
ciprofloxacin (RR, 0.72 [0.43-1.19]) [60]. These results were confirmed
in a recent cohort study [61]. In some very specific situations; use of a
FQ, generally ciprofloxacin, during pregnancy is therefore possible, but
only as a second-line treatment in the absence of any other alternative.

5.5. Breast-feeding [62,63]

According to their SmPC, FQs are contraindicated during breast-
feeding because of their passage into the milk, entailing the joint risk for
the breastfed newborn. However, rare studies in a small number of pa-
tients show that despite the excretion of some FQs in milk, the exposure
of the breastfed child is low, which could be explained by complexation
of FQ with calcium, which would limit its absorption. As for ciproflox-
acin, it has been estimated that the newborn receives 3.5 % of the pe-
diatric therapeutic dose via milk [64]. No adverse effects have been
noted in children. Ciprofloxacin can therefore be used in a nursing
mother, avoiding breastfeeding within three to four hours of taking it,
and monitoring for the risk of diarrhea or candidiasis.

5.6. Overweight patients

With the exception of levofloxacin, which has an intermediate lipo-
philic character, the fluoroquinolones are hydrophilic drugs. Data on the
dosage adjustment of FQs aside from ciprofloxacin and levofloxacin in
overweight patients are limited, and those on ciprofloxacin are
discrepant. Some authors recommend the administration of higher
doses, using the adjusted weight formula with a correction factor of 0.45
(adjusted weight = ideal weight + 0.45*(actual weight measured - ideal
weight)) without exceeding 800 mg/12 h. Others have not found any
pharmacokinetic changes and do not recommend adjustment, but they
recognize that higher doses may be called for in difficult-to-reach in-
fections. For levofloxacin, studies have not shown increased clearance in
overweight patients, although dosage adjustment is suggested based on
creatinine clearance (estimated by Cockcroft and Gault) and ideal
weight [65]. Some case series have suggested a need for higher doses
(1000 mg every 12 h) in obese patients in order to achieve therapeutic
goals [66]. Very limited pharmacokinetic data for moxifloxacin and
delafloxacin suggest that adjustment is not necessary.

6. Drug-drug interactions [19,67-69]

The risk of drug interaction with FQs is twofold: pharmacokinetics,
when the FQ modifies the concentration of the associated drug (or
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Table 2

Main drug-drug interactions with fluoroquinolones [19,67].

Pharmacokinetic interactions

— All FQs Vitamin K antagonists:
increased INR

Digestive topicals, sucralfate,
calcium, iron salt, didanosine:
decreased absorption of FQs
Mycophenolate: decreased
residual concentration of
mycophenolate at the
beginning of treatment

— Tizanidine: increased
concentration of tizanidine

— Methotrexate, zolpidem,
agomelatine: increased
concentration of
methotrexate, zolpidem or
agomelatine

—Cyclosporin, phenytoin,
sildenafil, duloxetine,
ropinirole, clozapine,
olanzapine, theophylline,
lidocaine: increase in their
concentration

—Probenecid: increased
concentration of ciprofloxacin
— Methotrexate, cyclosporin:
increased concentration of
methotrexate or cyclosporin
—Theophylline (caffeine):
increased concentration of
caffeine

— Methotrexate,
glibenclamide, furosemide,
probenecid, cimetidine:
increase in their concentration
Pharmacodynamic Interactions

—Risk of QT interval prolongation

—Moxifloxacin — Drugs known to prolong QT:
class IA or III antiarrhythmics,
antipsychotics, tricyclic
antidepressants, certain
antimicrobials (saquinavir,
sparfloxacin, erythromycin IV,
pentamidine, antimalarials
particularly halofantrine),
some antihistamines
(hydroxyzine, astemizole,
mizolastine)

—Drugs that can cause
hypokalemia (loop or thiazide
diuretics, amphotericin B,
laxatives and enemas (in high
doses), corticosteroids,...)
—Drugs that can induce
clinically significant
bradycardia
(anticholinesterases, beta-
blockers, diltiazem, digoxin,
fingolimod, pilocarpine,
sofosbuvir, thalidomide,
crizotinib, nilotinib,
trametinib, etc.).

—Drugs known to prolong QT:
class IA or III antiarrhythmics,
antipsychotics, tricyclic
antidepressants, certain
antimicrobials (saquinavir,

— Ciprofloxacin

— Levofloxacin

— Norfloxacin

— Ofloxacin

Ciprofloxacin,
levofloxacin,
norfloxacin,
ofloxacin

sparfloxacin, IV erythromycin,
pentamidine, antimalarials
including halofantrine), some
antihistamines (hydroxyzine,
astemizole, mizolastine)
—Drugs that can cause
hypokalemia (loop or thiazide
diuretics, amphotericin B,

Control INR

delay intake by 2 h

Contraindicated

Not recommended
association

Possible association but
with reduced dosage of the
associated drug and special
monitoring

Possible combination but
with dosage adaptation
and special monitoring
Possible combination but
with dosage adaptation
and special monitoring
Possible combination but
with dosage adaptation
and special monitoring

Contraindicated

Used with caution: serum
potassium level and heart
rate should be monitoring

Possible association, but
QT interval should be
monitoring

Used with caution:
monitoring of serum
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Table 2 (continued)

Pharmacokinetic interactions

laxatives and enemas (in high

doses), corticosteroids,)
—Drugs that can induce
clinically significant
bradycardia
(anticholinesterases, beta-
blockers, diltiazem, digoxin,
fingolimod, pilocarpine,
sofosbuvir, thalidomide,
crizotinib, nilotinib,
trametinib, etc.)..
—Risk of seizure
— All FQs —Drugs lowering the seizure
threshold: tramadol,
antidepressants
(imipraminics, SRIs),
neuroleptics (phenothiazines
and butyrophenones),
mefloquine, chloroquine,
bupropion.
—Risk of tendinopathy and tendon rupture
— All FQs —Glucocorticoids (aside from
hydrocortisone), especially
systemic administration (or

potassium level and heart
rate

Possible association but
risk of seizure should be
carefully considered

Possible association but
risk of tendinopathy should
be carefully considered

prolonged treatment) by oral
route, increases the risk of
tendinopathy and rupture,
especially in prolonged
corticosteroid therapy

conversely); and pharmacodynamics, when AEs due to FQs are ampli-
fied in incidence or intensity by combination with another drug. Specific
pharmacokinetic interactions occur almost exclusively with ciprofloxa-
cin, which inhibits cytochrome P450 1A2 and OAT1/3 tubular trans-
porters, and will therefore increase the concentrations of the substrate
drugs. Major pharmacodynamic interactions concern the risk of QT in-
terval prolongation, seizures and tendinopathy/tendon rupture. The
main drug-drug interactions with FQs are summarized in Table 2.

7. Patient information

The EMA, the ANSM and the SmPC recommend systematic patient
information to facilitate rapid management of certain serious and/or
disabling adverse effects and to limit their consequences [70].

The key messages are:

— “If you experience the following side effects, stop the treatment
and contact your doctor (the prescriber or your general practitioner)
immediately: pain or swelling of the tendons, especially in the ankle or
calf; muscle pain, numbness, tingling, swelling, or weakness in different
parts of the body, often starting in the hands or feet, which gets worse
over time; severe fatigue, depression, poor memory, or severe sleep
problems; changes in vision, hearing, taste, and smell; swelling of the
shoulders, arms, or legs, or joint pain.

— “Seek help from a healthcare professionals or emergency services if
you experience sudden abdominal, thoracic or back pain, acute dyspnea,
new heart palpitations, or the development of edema of the abdomen or
lower extremities.”

8. Recommendations for the management of certain adverse
reactions

— At the first sign of tendinitis (e.g. painful swelling, inflammation),
FQ should be discontinued, and an alternative treatment should be
considered.

— If symptoms suggestive of neuropathy develop (e.g., pain, burning,
tingling, numbness, weakness, abnormality in sensitivity), FQ should be
discontinued so as to prevent irreversible damage.

— If C. difficile-associated diarrhea is suspected or confirmed, FQ
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should be discontinued immediately and appropriate treatment should
be initiated without delay. Drugs that inhibit peristalsis are
contraindicated.

Finally, remember to report AEs related to FQs to your Regional
Pharmacovigilance Centre, especially when they are serious (hospitali-
zation or prolonged hospitalization, sequelae, life-threatening prognosis
or death).

CRediT authorship contribution statement

Annie-Pierre Jonville-Béra: Conceptualization, Supervision,
Writing — original draft. Bérenger Largeau: Writing — review & editing.
Ferderico di Meglio: Conceptualization, Writing — original draft.
Antoine Pariente: Conceptualization, Writing — original draft.

Funding

None.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] Taher MK, Crispo JAG, Fortin Y, Moog R, McNair D, Bjerre LM, et al. Systemic
quinolones and risk of retinal detachment III: a nested case—control study using a
US electronic health records database. Eur J Clin Pharmacol 2022;78(6):1019-28.

[2] Tandan M, Cormican M, Vellinga A. Adverse events of fluoroquinolones vs. other
antimicrobials prescribed in primary care: A systematic review and meta-analysis
of randomized controlled trials. Int J Antimicrob Agents 2018;52(5):529-40.

[3] Daneman N, Lu H, Redelmeier DA. Fluoroquinolones and collagen associated
severe adverse events: a longitudinal cohort study. BMJ Open 2015;5(11):
e010077.

[4] Alves C, Mendes D, Marques FB. Fluoroquinolones and the risk of tendon injury: a

systematic review and meta-analysis. Eur J Clin Pharmacol 2019;75(10):1431-43.

Persson R, Jick S. Clinical implications of the association between fluoroquinolones

and tendon rupture: The magnitude of the effect with and without corticosteroids.

Br J Clin Pharmacol 2019;85(5):949-59.

[6] Wise BL, Peloquin C, Choi H, Lane NE, Zhang Y. Impact of age, sex, obesity, and
steroid use on quinolone-associated tendon disorders. Am J Med 2012;125(12):
1228.e23-8.

[7] Chang CK, Chien WC, Hsu WF, Chiao HY, Chung CH, Tzeng YS, et al. Positive
association between fluoroquinolone exposure and tendon disorders: a nationwide
population-based cohort study in Taiwan. Front Pharmacol 2022;13:814333.

[8] Morales DR, Slattery J, Pacurariu A, Pinheiro L, McGettigan P, Kurz X. Relative and

absolute risk of tendon rupture with fluoroquinolone and concomitant

fluoroquinolone/corticosteroid therapy: population-based nested case—control
study. Clin Drug Investig 2019;39(2):205-13.

Freeman MZ, Cannizzaro DN, Naughton LF, Bove C. Fluoroquinolones-Associated

disability: it is not all in your head. NeuroSci 2021;2(3):235-53.

[10] Golomb BA, Koslik HJ, Redd AJ. Fluoroquinolone-induced serious, persistent,

multisymptom adverse effects. BMJ Case Rep 2015;2015:bcr2015209821.

[11] Landers ZD, Mazhar A. Fluoroquinolone-induced multisystem toxicity: a case
report. Cureus 2024;16(5):e61174.

[12] Tennyson LE, Averch TD. An update on fluoroquinolones: the emergence of a
multisystem toxicity syndrome. Urol Pract 2017;4(5):383-7.

[13] European Medicines Agency [Internet]. 2018. Fluoroquinolone and quinolone
antibiotics: PRAC recommends new restrictions on use following review of
disabling and potentially long-lasting side effects [cited September 23, 2024].
Available from: https://www.ema.europa.eu/en/news/fluoroquinolone-
quinolone-antibiotics-prac-recommends-new-restrictions-use-following-review-
disabling-potentially-long-lasting-side-effects.

[14] Anwar Al, Lu L, Plaisance CJ, Daniel CP, Flanagan CJ, Wenger DM, et al.
Fluoroquinolones: neurological complications and side effects in clinical practice.
Cureus 2024;16(2):e54565.

[15] Tomé AM, Filipe A. Quinolones: review of psychiatric and neurological adverse
reactions. Drug Saf 2011;34(6):465-88.

[16] Ellis DE, Hubbard RA, Willis AW, Zuppa AF, Zaoutis TE, Hennessy S. Comparative
neurological safety of fluoroquinolones versus therapeutic alternatives.
Pharmacoepidemiol Drug Saf 2021;30(6):797-805.

[17] Morales D, Pacurariu A, Slattery J, Pinheiro L, McGettigan P, Kurz X. Association
between peripheral neuropathy and exposure to oral fluoroquinolone or
amoxicillin-clavulanate therapy. JAMA Neurol 2019;76(7):827-33.

[5

—

[o

—

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]
[44]
[45]
[46]

[47]

Infectious Diseases Now 55 (2025) 105064

Althubyani AA, Canto S, Pham H, Holger DJ, Rey J. Antibiotic-induced
neuropsychiatric toxicity: epidemiology, mechanisms and management strategies
—a narrative literature review. Drugs Context 2024;13:1-18.

Agence nationale de sécurité du médicament et des produits de santé [Internet].
Thesaurus référentiel des interaction médicamenteuses - Aoiit 2023 [cited
September 19, 2024]. Available from: https://ansm.sante.fr/uploads/2023/08/
18/20230818-thesaurus-referentiel-des-interaction-medicamenteuses-aout-2023.
pdf.

Sodhi M, Sheldon CA, Carleton B, Etminan M. Oral fluoroquinolones and risk of
secondary pseudotumor cerebri syndrome: Nested case-control study. Neurology
2017;89(8):792-5.

Sellick J, Mergenhagen K, Morris L, Feuz L, Horey A, Risbood V, et al.
Fluoroquinolone-related neuropsychiatric events in hospitalized veterans.
Psychosomatics 2018;59(3):259-66.

Etminan M, Brophy JM, Samii A. Oral fluoroquinolone use and risk of peripheral
neuropathy. Neurology 2014;83(14):1261-3.

Jumma OK, Dick J, Marshall A, Mellor K. Ciprofloxacin induced acute small fibre
neuropathy. Case Report Can J Neurol Sci J Can Sci Neurol 2013;40(1):127-8.
Téubel J, Prasad K, Rosano G, Ferber G, Wibberley H, Cole ST, et al. Effects of the
fluoroquinolones moxifloxacin and levofloxacin on the QT subintervals: sex
differences in ventricular repolarization. J Clin Pharmacol 2020;60(3):400-8.
Gorelik E, Masarwa R, Perlman A, Rotshild V, Abbasi M, Muszkat M, et al.
Fluoroquinolones and cardiovascular risk: a systematic review, meta-analysis and
network meta-analysis. Drug Saf 2019;42(4):529-38.

Liu X, Ma J, Huang L, Zhu W, Yuan P, Wan R, et al. Fluoroquinolones increase the
risk of serious arrhythmias: A systematic review and meta-analysis. Medicine
(Baltimore) 2017;96(44):e8273.

Khan F, Ismail M, Khan Q, Ali Z. Moxifloxacin-induced QT interval prolongation
and torsades de pointes: a narrative review. Expert Opin Drug Saf 2018;17(10):
1029-39.

Chen YY, Yang SF, Yeh HW, Yeh YT, Huang JY, Tsao SL, et al. Association between
aortic aneurysm and aortic dissection with fluoroquinolones use in patients with
urinary tract infections: a population-based cohort study. J Am Heart Assoc 2022;
11(6):e023267.

Brown JP, Wing K, Leyrat C, Evans SJ, Mansfield KE, Wong AYS, et al. Association
between fluoroquinolone use and hospitalization with aortic aneurysm or aortic
dissection. JAMA Cardiol 2023;8(9):865-70.

Maumus-Robert S, Bérard X, Mansiaux Y, Tubert-Bitter P, Debette S, Pariente A.
Short-term risk of aortoiliac aneurysm or dissection associated with
fluoroquinolone use. J Am Coll Cardiol 2019;73(7):875-7.

Lee CC, Lee M, Tse G, Chen YS, Lee SH, Chen YS, Chen SC, et al. Risk of aortic
dissection and aortic aneurysm in patients taking oral fluoroquinolone. JAMA
Intern Med 2015;175(11):1839-47.

Dong YH, Wang JL, Chang CH, Lin JW, Chen YA, Chen CY, et al. Association
between use of fluoroquinolones and risk of mitral or aortic valve regurgitation: a
nationwide cohort study. Clin Pharmacol Ther 2024;115(1):147-57.

Strange JE, Holt A, Blanche P, Gislason G, Torp-Pedersen C, Christensen DM, et al.
Oral fluoroquinolones and risk of aortic or mitral regurgitation: a nationwide
nested case-control study. Eur Heart J 2021;42(30):2899-908.

Chou AH, Lin CP, Chen CY, Wu VCC, Cheng YT, Chan YH, et al. Use of
fluoroquinolones and the risk of aortic and mitral regurgitation: A nationwide case-
crossover study. PLoS One 2024;19(7):e0307480.

Bird ST, Etminan M, Brophy JM, Hartzema AG, Delaney JAC. Risk of acute kidney
injury associated with the use of fluoroquinolones. CMAJ Can Med Assoc J J Assoc
Medicale Can 2013;185(10):E475-82.

Shah P, Chock M, Nishimura Y, Say C, Teehera K, Hayashi R, et al. Ciprofloxacin-
induced crystal nephropathy and allergic interstitial nephritis: case report and
review of literature. Ann Intern Med Clin Cases 2022;1(5):e220243.

Ellis DE, Hubbard RA, Willis AW, Zuppa AF, Zaoutis TE, Hennessy S. Comparative
risk of serious hypoglycemia among persons dispensed a fluoroquinolone versus a
non-fluoroquinolone antibiotic. Diabetes Res Clin Pract 2022;185:109225.

Chou HW, Wang JL, Chang CH, Lee JJ, Shau WY, Lai MS. Risk of severe
dysglycemia among diabetic patients receiving levofloxacin, ciprofloxacin, or
moxifloxacin in Taiwan. Clin Infect Dis 2013;57(7):971-80.

Aspinall SL, Good CB, Jiang R, McCarren M, Dong D, Cunningham FE. Severe
dysglycemia with the fluoroquinolones: a class effect? Clin Infect Dis 2009;49(3):
402-8.

Orman ES, Conjeevaram HS, Vuppalanchi R, Freston JW, Rochon J, Kleiner DE,
et al. Clinical and histopathologic features of fluoroquinolone-induced liver injury.
Clin Gastroenterol Hepatol Off Clin Pract J Am Gastroenterol Assoc 2011;9(6):
517-523.e3.

Alshammari TM, Larrat EP, Morrill HJ, Caffrey AR, Quilliam BJ, LaPlante KL. Risk
of hepatotoxicity associated with fluoroquinolones: a national case-control safety
study. Am J Health Syst Pharm 2014;71(1):37-43.

Nibell O, Svanstrom H, Inghammar M. Oral fluoroquinolone use and the risk of
acute liver injury: a nationwide cohort study. Clin Infect Dis 2022;74(12):2152-8.
Hoofnagle JH, Bjornsson ES. Drug-induced liver injury — types and phenotypes.
Longo DL, editor. N Engl J Med. 2019;381(3):264-73.

Lee EY, Gomes T, Drucker AM, Daneman N, Asaf A, Wu F, et al. Oral antibiotics and
risk of serious cutaneous adverse drug reactions. JAMA 2024;332(9):730.

Adams KK, Shah S. Health system evaluation of fluoroquinolone hypersensitivity:
an assessment of cross-reactivity. J Antimicrob Chemother 2023;78(7):1803-4.
de Lastours V, Fantin B. Impact of fluoroquinolones on human microbiota. Focus
on the emergence of antibiotic resistance. Future Microbiol 2015;10(7):1241-55.
Eadie B, Etminan M, Mikelberg FS. Risk for uveitis with oral moxifloxacin: a
comparative safety study. JAMA Ophthalmol 2015;133(1):81-4.



[48]

[49]

[501

[51]

[52]

[53]

[54]

[55]
[56]
[57]
[58]
[59]

[60]

. Jonville-Béra et al.

Soraci L, Cherubini A, Paoletti L, Filippelli G, Luciani F, Lagana P, et al. Safety and
tolerability of antimicrobial agents in the older patient. Drugs Aging 2023;40(6):
499-526.

Muanda FT, Sood MM, Weir MA, Sontrop JM, Ahmadi F, Yoo E, et al. Association
of higher-dose fluoroquinolone therapy with serious adverse events in older adults
with advanced chronic kidney disease. JAMA Netw Open 2022;5(8):e2224892.
Chinzowu T, Chyou TY, Nishtala PS. Antibiotic-associated acute kidney injury
among older adults: a case-crossover study. Clin Drug Investig 2024;44(2):131-9.
Aminimanizani A, Beringer P, Jelliffe R. Comparative pharmacokinetics and
pharmacodynamics of the newer fluoroquinolone antibacterials. Clin
Pharmacokinet 2001;40(3):169-87.

Estradé O, Vozmediano V, Carral N, Isla A, Gonzalez M, Poole R, et al. Key factors
in effective patient-tailored dosing of fluoroquinolones in urological infections:
interindividual pharmacokinetic and pharmacodynamic variability. Antibiot Basel
Switz 2022;11(5):641.

Gendrel D, Moulin F, Sauvé-Martin H, Raymond J. Les fluoroquinolones en
pédiatrie. Med Mal Infect 2001;31(3):105-14.

Chevalier X, Albengres E, Voisin MC, Tillement JP, Larget-Piet B. A case of
destructive polyarthropathy in a 17-year-old youth following pefloxacin treatment.
Drug Saf 1992;7(4):310-4.

Li S, Chen Z, Huang L, Liu Z, Shi Y, Zhang M, et al. Safety of quinolones in children:
a systematic review and meta-analysis. Paediatr Drugs 2022;24(5):447-64.
Jackson MA, Schutze GE. Committee on infectious diseases. The use of systemic
and topical fluoroquinolones. Pediatrics 2016;138(5):€20162706.

Burkhardt JE, Walterspiel JN, Schaad UB. Quinolone arthropathy in animals versus
children. Clin Infect Dis 1997;25(5):1196-204.

Meissner A, Borner K, Koeppe P. Concentrations of ofloxacin in human bone and in
cartilage. J Antimicrob Chemother 1990;26(suppl D):69-74.

Jonville-Béra AP, Vial Th. Médicaments et grossesse : prescrire et évaluer le risque.
Paris: Elsevier Masson; 2012.

Acar S, Keskin-Arslan E, Erol-Coskun H, Kaya-Temiz T, Kaplan YC. Pregnancy
outcomes following quinolone and fluoroquinolone exposure during pregnancy: A
systematic review and meta-analysis. Reprod Toxicol Elmsford N 2019;85:65-74.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Infectious Diseases Now 55 (2025) 105064

Goto M, Anzai T, Yamane R, Yakuwa N, Takahashi K, Murashima A. Pregnancy
outcomes after first-trimester exposure to fluoroquinolones: Findings based on an
integrated database from two Japanese institutions. Congenit Anom 2024;64(5):
199-206.

Drugs and Lactation Database (LactMed®) [Internet]. Bethesda (MD): National
Institute of Child Health and Human Development; 2006-. Ciprofloxacin. [Updated
August 15, 2024; cited September 20, 2024]. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK501583/.

Kaplan YC, Koren G. Use of ciprofloxacin during breastfeeding. Can Fam Physician
Med Fam Can 2015;61(4):343-4.

Gardner DK, Gabbe SG, Harter C. Simultaneous concentrations of ciprofloxacin in
breast milk and in serum in mother and breast-fed infant. Clin Pharm 1992;11(4):
352-4.

Pai MP, Cojutti P, Pea F. Levofloxacin dosing regimen in severely morbidly obese
patients (BMI >40 kg/m2) should be guided by creatinine clearance estimates
based on ideal body weight and optimized by therapeutic drug monitoring. Clin
Pharmacokinet 2014;53(8):753-62.

Hanretty AM, Moore II WS, Chopra A, Cies JJ. Therapeutic drug monitoring of
levoffoxacin in an obese adolescent: a case report. J Pediatr Pharmacol Ther 2020;
25(3):261-5.

Rodriguez AT, Barcel6 AF, i, Gonzalez MB, Esnal DE, Muner DS, Martinez JA, et al.
Clinically important pharmacokinetic drug-drug interactions with antibacterial
agents. Rev Esp Quimioter 2024;37(4):299-322.

Ministere des Solidarités et de la Santé [Internet]. Base de données publique des
médicaments - Accueil [updated March 31, 2025; cited September 25, 2024].
Available from: https://base-donnees-publique.medicaments.gouv.fr/.

Fish DN. Fluoroquinolone adverse effects and drug interactions. Pharmacother J
Hum Pharmacol Drug Ther 2001;21(10P2):2535-272S.

European Medicines Agency [Internet]. 2023. Meeting highlights from the
Pharmacovigilance Risk Assessment Committee (PRAC) 10 - 12 May 2023 [cited
September 30, 2024]. Available from: https://www.ema.europa.eu/en/news/
meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-10-12-
may-2023.



