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Background: Over the years, reports have associated fluoroquinolones (FQ) with seizures. The incidence and
whether FQ compared to non-epileptogenic antibiotic are associated with increased risk of seizures has yet
to be examined.

Methods: A retrospective observational study of hospitalized patients treated with FQ (ofloxacin, ciprofloxacin,
levofloxacin, moxifloxacin) or macrolides (MA: azithromycin or roxithromycin) between January 2009 and
January 2021 in a large tertiary academic medical centre. The outcome was the occurrence of a seizure during
treatment. The Naranjo scale was used to assess causality between FQ treatment and seizures. Comparative ana-
lysis was conducted using propensity score matching to correct for possible bias due to non-random selection,
followed by inverse probability weighting (IPW) to estimate the difference in seizure risk between FQ and MA.

Results: Overall, 52722 patients were treated with FQ during a total of 178982 days. Mean age was 65 (+19)
years and 47% were females. Thirty-three patients (0.06%) experienced a seizure, yielding an incidence of
1:5422 treatment days. Causality was deemed probable and possible among 9/33 and 24/33, respectively.
The MA group composed of 8522 patients treated during 17 954 treatment days. Mean age was 65 (+21) years,
49% were females. Six (0.07%) patients experienced each a single seizure. IPW estimated OR for seizures among
the FQ versus MA group was 1.44 (95%CI 0.59-3.5, P=0.42).

Discussion: The incidence of FQ associated seizures among hospitalized patients is low and the risk did not sig-
nificantly exceed that under macrolides. Our results provide evidence for clinicians and decision-makers when

balancing fluoroquinolones risks and benefits.

Introduction

Fluoroquinolones (FQ), a class of broad-spectrum antibiotics, are
commonly used to treat various infections both in the commu-
nity and among hospitalized patients. While these agents are
generally considered well tolerated, rare complications (e.g. ten-
donitis, tendon rupture, aortic dissection and peripheral neur-
opathy) have raised concerns about the risk-to-benefit ratio for
indications such as acute bacterial sinusitis or uncomplicated
urinary tract infection.’?

Over the years, several case-reports have associated FQ use
with the occurrence of seizures.>™® Moreover, in vitro studies

have demonstrated their ability to inhibit GABA binding to its
receptor, further suggesting causality.”® Nevertheless, a self-
controlled study comparing seizures incidence before and follow-
ing FQ initiation among more than 6000 individuals did not
observe an increased seizure risk.’?

FQ are highly effective antibiotic class with many advanta-
geous pharmacokinetic properties. Data on seizure incidence
and risk factors are limited and comparative studies are lacking.
Therefore, the objective of the current study was to examine the
incidence of seizures associated with exposure to fluoroquino-
lones among hospitalized patients and to compare it to an
antibiotic not known to be associated with seizures.
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Methods

Ethics

The study was approved by the Chaim Sheba Medical Center ethical re-
view board (8056-21-SMC). The IRB waived the requirement for informed
consent for this study.

Study design, cohort and outcome definition

A retrospective observational study comprised all hospitalized patients at
the Chaim Sheba Medical Center, a large tertiary academic hospital, who
were treated with either a fluoroguinolone (FQ: ofloxacin, ciprofloxacin,
levofloxacin or moxifloxacin) or a macrolide (MA: azithromycin, roxithro-
mycin) between January 2009 and January 2021. These two macrolides
were selected as a control group given that they are not associated with
seizure and do not have any significant pharmacokinetic drug-drug inter-
actions. Inclusion criteria were age >18 years and no history of documen-
ted adverse drug event to either antibiotic (either FQ or MA). Patients were
followed from the time of antibiotic initiation until either the occurrence
of a seizure (while on antibiotic therapy) or hospital discharge. Seizures
were identified by ICD-10 codes (Table S1, available as Supplementary
data at JAC Online) and their temporal relation to the antibiotic exposure
was verified by manual review of each medical record; only seizures oc-
curring while on FQ or MA therapy were considered as an outcome.
Patients were excluded if they were not hospitalized (e.g. antibiotic given
in emergency room and then discharge) or when seizure occurred prior to
antibiotic initiation during the same hospitalization. The study was ap-
proved by the Chaim Sheba Medical Center ethical review board.

Data extraction and covariate definition

Data collected for each patient included baseline demographics and co-
morbidities: history of seizures or epilepsy, stroke or brain injury during the
preceding 30 days, dementia, CNS infection or encephalitis diagnosed
during the preceding 90 days, diagnosis of drug or alcohol use disorder
within the previous 1 year, medications known to be associated with sei-
zures [benzodiazepines, barbiturates, antiseizure medications (ASM)] and
relevant blood value +24 hours from antibiotic initiation (lowest glucose,
lowest sodium, highest creatinine, highest urea). We also collected data
on medications known to induce seizures that were administered follow-
ing FQ or MA initiation (beta-lactams, antipsychotics, lithium, tricyclic
antidepressants, isoniazid, calcinurin inhibitors, azathioprine, etc.). Data
were retrieved using MDClone, a query tool that provides comprehensive
patient-level data of wide-ranging variables in a defined time frame
around an index event (mdclone.com).

Data analysis

Descriptive data are presented as mean +standard deviation (SD) or me-
dian with interquartile range as appropriate for continuous variables and
proportions for categorical variables, respectively. Causality was assessed
by calculating Naranjo score for each FQ associated seizure. For the com-
parative analysis, seizure risk was evaluated among all cases exposed to
FQ compared to MA between January 2009 and January 2021. To correct
for possible bias due to non-random selection of patients to each anti-
biotic, we used propensity scores (PS). The PSs are the estimated probabil-
ities of each patient to be treated by FQ given his/her sets of covariates.
We used a logistic regression to estimate the PS including the risk factors
(RF) described in the ‘Study design, cohort and outcome definition’ sec-
tion. We did not include medications that were administered following
FQ or MA initiation as they could introduce bias, but only in the final out-
come model as a sensitivity analysis. We used the inverse probability
weighting (IPW) method to estimate the difference in risk of seizures be-
tween the two treatment groups. A patient’s weight was defined as the
inverse of his PS score if he was in the FQ group and the inverse of 1-PS

otherwise. A weighted logistic regression was applied including only the
group as a predictor for seizure. To avoid noisy PS, rare RF were grouped
together based on their seizure risk.!°"** Analyses were done with the R
software.'® Missing values of blood tests (14%, Table S2) were imputed
using the mice procedure in R.® As a sensitivity analysis we also exam-
ined multiple imputations analysis.

Results

Characteristics of patients treated with FQ

Overall, 52772 hospitalized patients during 178932 days were
treated with a FQ between 2009 and 2021 (Figure 1). Mean age
was 64.8 (+19.4) years and 47.2% were females. Past seizures
or epilepsy, recent stroke and recent brain trauma were present
among 1214 (2.3%), 2927 (5.5%) and 550 (1%), respectively.
Of the different FQs, 33823 (64%) patients were treated with
ofloxacin, 11294 (21.4%) with ciprofloxacin, 7646 (14.5%) with
levofloxacin and nine (0.02%) with moxifloxacin. Thirty-three
(0.06%) patients experienced a seizure following a median of 3
days of treatment (IQR 2-4), yielding an incidence of 1:5422
treatment days. As shown in Table 1, these patients were more
likely (P value <0.05) to have a history of past seizures, recent
stroke or brain trauma, recent CNS infection or encephalopathy,
anoxic brain injury, exposure to ASM and higher urea
concentration.

Causality between FQ exposure and seizures was determined
by Naranjo scale as probable (score 5-8) in 9/33 (27%) cases and
possible (score 1-4) in 24/33 (73%) cases (Table 2). The case with
the highest score (7) was a seizure in a 60 year-old diabetic male
treated empirically with per-os ofloxacin and amoxicillin/clavula-
nic acid indicated for suspected urinary tract infection and

69920 patients treated with FQ

11640 patients treated with MA

Patients not hospitalized

A4

FQ: 16862 patients
MA: 3049 patients

53058 patients treated with FQ
8591 patients treated with MA

Seizure occurred before antibiotic

initiation:

FQ: 286 patients
MA: 69 patients

A4

52772 patients treated with FQ
8522 patients treated with MA

Figure 1. Inclusion and exclusion flow diagram.
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Table 1. Baselines characteristics of patients treated with FQ

Quinolones Macrolides

No seizure Seizure No seizure Seizure
N 52739 33 8516 6
Age, years (SD) 64.7 (+19) 66.1 (+22) 65.3 (+20) 32.6 (+20)
Females (%) 24918 (47%) 16 (48%) 4193 (49.2%) 4 (66.7%)
Past seizures or epilepsy (%) 1205 (2.3%) 9 (27%) 353 (4.1%) 4 (66.7%)
Dementia (%) 2353 (4.5%) 1 (3%) 358 (4.2%) 0
Recent stroke or brain trauma <30 days (%) 3209 (6.1%) 5 (15%) 266 (3.1%) 0
CNS infection or encephalopathy <90 days (%) 194 (0.4%) 1 (3%) 4 (0.3%) 0
Diagnosis of brain neoplasm (%) 1040 (2%) 5(15%) 201 (2.4%) 0
Anoxic brain injury (%) 108 (0.2%) 1 (3%) 1(0.1) 0
Drug or alcohol use disorder within previous 1 year (%) 280 (0.5%) 0 4 (0.5%) 0
Antiseizure medications (%) 6574 (12.5%) 10 (30%) 1059 (12.4%) 4 (66.7%)
Laboratory values
Sodium, mEg/L (SD) 137 (5) 134 (6) 136 (x1) 138 (x2)
Glucose, mg/dl (SD) 116 (47) 113 (56) 116 (+45) 100 (+36)
Creatinine, mg/dl (SD) 1.2 (1) 1.6 (1.4) 1.2 (£1) 0.7 (+0.3)
Urea, mg/dl (SD) 52 (41) 91 (69) 54 (+40) 35 (x15)
diabetic foot infection; treatment with ciprofloxacin 2 monthsla-  Discussion

ter was associated with status epilepticus. Lower Naranjo scores
(i.e. possible causality) were mainly due to the presence of clinic-
ally significant acute comorbidities acting as an alternative aeti-
ology for seizure (e.g. stroke, hyperammonaemia, acute renal
failure, etc.).

Comparative group characteristics and propensity score
analysis

The MA groups composed of 8522 hospitalized patients with a to-
tal of 17954 treatment days. Mean age was 65 (+20.5) years and
49% were females (Table 1). Azithromycin was administered to
73% of them. Six (0.07%) patients experienced each a single seiz-
ure following a median of one treatment day (IQR 1-3), resulting
in seizure incidence of 1:2991 treatment days. Of the entire MA
cohort, 4.1% had history of epilepsy or seizures, 4.2% were diag-
nosed with dementia, 3.6% were diagnosed with recent stroke
and 2.4% had an intracranial neoplasm. We applied the logistic
regression including the RF as covariates to obtain PS and calcu-
lated patient’s weights as explained before. The distributions
(density) of the PS in each treatment group are almost identical
as shown in Figure S1, indicating a similarity in their RF distribu-
tions. Table S2 demonstrates how well the weights balance the
RF distribution between the two groups; all RF except for one
were well balanced (SMD less than 0.1) even without weighting
and after weighting all SMD were lower or equal to 0.01. The
IPW estimated OR for seizures among FQ versus MA group was
1.44 (95%CI 0.59-3.5, P=0.42). Sensitivity analysis in which mul-
tiple imputations for the blood tests variables were applied
showed an average OR of 1.4 with a neglectable difference (SD
=0.002) between imputations. Adjusting the weighted logistic
regression for each of the antibiotics administered after FQ or
MA initiation did not significantly alter the results (Table 3) except
for when controlling for beta-lactams (95%CI 0.77-4.8).

In this large-scale retrospective controlled study accounting for
all potential confounders known to affect the occurrence of sei-
zures, we demonstrate that among hospitalized patients treated
with FQ, the absolute risk for seizures was very small (0.06%) and
did not significantly exceed that of MA (azithromycin or roxithro-
mycin) that are not known to be associated with seizures.

While FQ are considered well tolerated, their use along the
years has been hampered by emerging reports of different side
effects.t” Recently, such reports (and related warnings) have
challenged the balance between their effectiveness and poten-
tial risks, often resulting in restricted prescribing and even avoid-
ance.'®!° Reports associating their use with Achilles tendonitis
and rupture have resulted in a substantial decreased prescription
rate.?%?! Similarly, reports about causal relationship between FQ
and seizures has led to refraining from their use in patients with
conditions that predispose to convulsions.??

To the best of our knowledge, our study is by far the largest to ad-
dress the questionable association between exposure to FQ and sei-
zures. Given the very small number of cases who developed seizures,
we validated each of them for causality using the Naranjo scale:
none of the cases was found to have definite causality, while 9/33
(27%) were deemed probable and the rest possible. These results
corroborate the findings of a previous large-scale self-controlled trial
in which >6000 subjects prescribed FQ did not demonstrate in-
creased seizure rates.” It is important to note that opposed to out-
patient database studies that rely on drug prescriptions and
patient/physician reports, our study on hospitalized patients verifies
actual medications administration with more accurate reports as to
the primary outcome and all other potential confounders.

The results of our study together with those of the other large
retrospective study are supported biologically by the fact that cipro-
floxacin and ofloxacin (both account for most FQ administrations)
were demonstrated to be weak inhibitors of the GABA, receptor,
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Table 2. Patients with seizures associated with fluoroguinolone treatment

Time to
seizure Naranjo
Number Age, gender Antibiotic Regimen (days) Risk factors Co-medications® score Comment
1 60, M PO. Ofloxacin 200 mg bid 2 None Amoxicillin-Clavulanic 7 Treatment with
acid ciprofloxacin 2
months later was
associated with status
epilepticus
2 23, M PO. Ofloxacin 400 mg bid 5 None None 6
3 76, F 1V. Ciprofloxacin 400 mg bid 3 Severe dementia None 6
4 72,F PO. Ofloxacin 200 mg bid 3 Mild dementia None 6
5 79, M PO. Ofloxacin 400 mg bid 2 Dementia None 6
6 82, M PO. Ofloxacin 400 mg qd 2 None Ceftriaxone 6 Urosepsis and
ceftriaxone
7 92, F PO. Ofloxacin 200 mg bid 1 Dementia None 6
8 87,F PO. Levofloxacin 250 mg qd 3 Acute on chronic None 5 Re-challenge was not
renal failure associated with
seizure
9 96, F IV. ciprofloxacin 400 mg bid 1 None None 5 Re-challenge was not
associated with
seizure
10 71, M PO. Ofloxacin 400 mg bid 7 None Cyclosporine 3 Following bone marrow
transplantation.
Cyclosporine serum
concentration of 286
mg/dl. Suspected
maxillary sinus
aspergillosis
11 32,F IV. Ciprofloxacin 400 mg bid 7 Epilepsy Levetiracetam, Valproic 3
acid, Phenytoin,
clonazepam
12 77, M PO. Levofloxacin 750 mg qd 6 Acute renal failure  None 3 Urea concentration 272
mag/dL
13 86, F PO. Ofloxacin 400 mg bid 6 Recent ischaemic None 3 Subacute stroke in right
stroke MCA territory
14 59, F PO. Ofloxacin 200 mg qd 5 Acute renal failure  Imipenem 3
15 75, F PO. Ofloxacin 200 mg bid 4 Meningioma, s/p None 3
radiation therapy,
acute renal failure
16 66, M PO. Ofloxacin 200 mg bid 4 None Mycophenolate (MMF) 3 Allogenic bone marrow
transplantation. A
seizure 2 days
following ofloxacin
initiation. No sign of
CNS infection per LP,
head CT and MRI. MMF
continued
17 36, F PO. Ofloxacin 400 mg bid 3 CP (no seizure Clonazepam 3 Re-challenge a year
history) later was not
associated with
seizure
18 52, F PO. Ciprofloxacin 500 mg bid 2 S/P Subarachnoid None 3

haemorrhage

Continued
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Table 2. Continued

Time to
seizure Naranjo

Number Age, gender Antibiotic Regimen (days) Risk factors Co-medications® score Comment
19 67,M PO. Ofloxacin 2 Colorectal None 3

carcinoma with

brain metastasis
20 28, F PO. Ofloxacin 400 mg qd 2 CP, epilepsy Ceftriaxone 3
21 92, F PO. Ofloxacin 400 mg bid 1 Seizures, dementia  None 3
22 34, M PO. Ofloxacin 400 mg bid 1 Epilepsy, anaplastic Dexamethasone, 3

astroglioma grade  levetiracetam

I11
23 83, PO. Ofloxacin 200 mg bid 1 Hyperammonemia  None 3
24 78, F PO. Ofloxacin 200 mg bid 1 Dementia, epilepsy, Phenytoin, valproic acid, 3

intracranial ceftriaxone

bleeding
25 70, M PO. Ciprofloxacin 200 mg bid 6 Recent ischaemic None 2

stroke
26 35,M PO. Ofloxacin 400 mg bid 5 Epilepsy None 2
27 94, M PO. Ofloxacin 400 mg bid 3 Subacute stroke None 2
28 71, M PO. Levofloxacin 500 mg qd 3 S/P cardiogenic None 2

shock and

successful

resuscitation
29 84, M PO. Ofloxacin 200 mg bid 3 Severe dementia Ceftriaxone 2
30 97,F IV. Ciprofloxacin 500 mg bid 3 Severe dementia None 2
31 41, M PO. Ofloxacin 200 mg bid 2 None Cefazolin 2 Re-challenge was not

associated with
seizure

32 51, F PO. Ciprofloxacin 500 mg bid 1 Epilepsy, acute None 2

stroke
33 32,M IV. Ciprofloxacin 400 mg bid 1 Glioblastoma Dexamethasone, 2

levetiracetam,
ceftriaxone

“Medications known to be associated with seizures (benzodiazepines, barbiturates, ASM) or induce seizures (beta-lactams, antipsychotics, lithium, iso-

niazid etc.)

Table 3. Odds ratio estimates for seizures between FQ and MA group
after controlling for agents administered after FQ or MA initiation

OR 95% CI P value

Beta lactam 1.93
CNS medications® 1.41
Immunosuppressant agents®/isoniazid 1.4

0.77-4.80 0.16
0.58-3.42 0.45
0.59-3.47 0.43

“Antipsychotics, buspirone, lithium, tricyclic antidepressants.
bAzothioprine, calcineurin inhibitors.

although their in vitro concentrations required for GABA receptor in-
hibition are at least 10 times higher than those achieved in vivo un-
der therapeutic doses.”®?3 In that context, it may by arguable that
specific CNS conditions such as hypoxic brain injury, CNS infections
or CNS malignancies may alter FQ disposition leading to increased

penetration and thus higher concentrations of these agents in the
CNS.%* In the current cohort, the case with the highest Naranjo
score was a male patient with history of ischaemic heart disease,
heart failure with reduced ejection fracture, hypertension, chronic
kidney disease (eGFR 48 mL/min/1.73 m?) and uncontrolled type
II diabetes: comorbidities with significant cardiovascular risk, but
none commonly associated with seizures. A head CT conducted
during the hospitalization showed signs of chronic ischaemic
changes, as commonly observed among patients at high cardio-
vascular risk but no acute or other major brain pathology.
Causality was also suggested by the re-challenge with levofloxacin
2 months later, following which status epilepticus occurred. Cases
with seizures on re-challenge were previously reported but along
with the presence of baseline brain pathology.*

Several limitations of our study deserve attention: the observa-
tional retrospective nature of the study prevents adjustment of all
potential confounders. Similarly, seizures that were not recorded as
ICD10 code might have been missed. Data were extracted solely
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from the institutional medical records and thus, RF not documen-
ted during the current or prior hospitalization have not been cap-
tured and thus not accounted for. Nevertheless, given the large
sample size of each group we believe that this potential bias is
probably balanced between the two study groups and therefore
of little significance. Second, confounding bias characterized by a
low prevalence of past seizures and brain trauma among the pa-
tients in the FQ group may represent a lower baseline risk for sei-
zures in this group that cannot be ruled out. However, this
potential bias was dealt with by performing propensity score ana-
lyses that balanced between the groups with that respect. The
Naranjo scale was not used for the MA group to assess causality gi-
ven the lack of data associating either azithromycin or roxithromy-
cin with the occurrence of seizures among adult population.
Therefore, applying tools to assess causality in this group is prob-
ably of no value. Finally, we grouped together different CNS neo-
plasms that may harbour different seizure risks. Because this was
done similarly in both treatment groups, we believe that the overall
significance of this potential bias is small, if at all.

In conclusion, our large-scale study accounting for all known
potential confounders provides evidence that FQ administration
among hospitalized patients is not associated with increased
risk for seizures compared to MA antibiotics. Our results provide
evidence for clinicians and decision-makers on balancing the
risk and benefits of fluoroquinolones.
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