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Abstract Antibiotic neurotoxicity is rare but can cause sig-
nificant morbidity when it occurs. The risk of antibiotic neu-
rotoxicity appears to be highest in patients who are older, have
impaired renal function, or have preexisting neurologic con-
ditions. This review describes the clinical features of the most
common antibiotic toxicities affecting the nervous system:
seizures, encephalopathy, optic neuropathy, peripheral neu-
ropathy, and exacerbation of myasthenia gravis.
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Introduction

Antibiotics can cause a variety of adverse effects on the
nervous system, including seizures, encephalopathy, optic
neuropathy, peripheral neuropathy, and exacerbation of my-
asthenia gravis. Since antibiotics are commonly prescribed
and neurotoxicity is often reversible if identified early, pro-
viders should be aware of the clinical symptoms and signs
associated with neurotoxicity. Here, we review the clinical
features and management of some of the major categories of
antibiotic neurotoxicity.
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Seizures

Penicillins, cephalosporins, carbapenems, and
fluoroquinolones are the antibiotic classes most commonly
associated with seizures. Other antibiotics that have been
associated with seizures include metronidazole when taken
for prolonged periods [1] and isoniazid when taken in over-
dose [2]. p-Lactam antibiotics and fluoroquinolones are
thought to provoke seizures through inhibitory effects on
gamma-aminobutyric acid (GABA) transmission [3, 4]. Since
GABA is the primary inhibitory neurotransmitter of the cen-
tral nervous system, interference with GABA results in pre-
disposition toward excitatory neurotransmission, which can
lead to seizures.

Antibiotic-associated seizures are rare, with incidence
ranging from 0.04 % for cephalosporins to 0.1-0.5 % with
fluoroquinolones [5—7]. However, seizures may occur in up to
20 % of patients with underlying structural brain lesions and
renal dysfunction who are treated with imipenem [8]. There
are also differences in seizure incidence among individual
antibiotics within a class. Seizures have been observed with
ciprofloxacin more commonly than with levofloxacin (0.5 %
vs. 0.1 %) [6, 7], and the risk may be higher with imipenem
than with other carbapenems [9]. Risk factors for antibiotic-
induced seizures include renal insufficiency, age greater than
50, use of higher than recommended doses, and alteration of
the blood-brain barrier allowing for increased concentration of
the antibiotic in the brain (e.g., due to brain tumor or during
cardiopulmonary bypass) [10, 11].

Both tonic-clonic and nonconvulsive seizures have been
reported with antibiotic neurotoxicity. While tonic-clonic sei-
zures are clinically evident, nonconvulsive seizures manifest
as alterations in consciousness ranging from encephalopathy
to coma, with electroencephalography (EEG) showing
electrographic seizures [12]. Up to 8 % of comatose patients
may be experiencing nonconvulsive seizures [13]. Therefore,
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EEG monitoring should be considered in patients with alter-
ation in cognition following initiation of antibiotic therapy.
The prognostic significance and appropriate management of
nonconvulsive seizures, however, remain unclear [14].

In patients with severe renal failure who develop antibiotic-
induced seizures, dialysis may be necessary to remove the
antibiotic. Status epilepticus from antibiotic toxicity should be
managed as in other circumstances. Since antibiotic-induced
seizures are acute symptomatic (provoked) seizures, long-
term antiepileptic therapy is generally not necessary. Short-
term treatment with antiepileptic drugs may be warranted if
seizures are recurrent. After an antibiotic-induced seizure, it is
unknown whether patients have an increased risk of seizures
with other drugs in the same antibiotic class.

Antibiotic-Antiepileptic Interactions

Antibiotics can alter the serum concentrations of antiep-
ileptics, resulting in seizures or antiepileptic drug toxic-
ity. Signs of antiepileptic drug toxicity include enceph-
alopathy, nystagmus, imbalance, and/or ataxia. While
the possible pharmacologic interactions between antibi-
otics and antiepileptics are numerous, only a few are
clinically significant. One of the more commonly report-
ed significant interactions is a marked reduction in
serum valproic acid concentration following carbapenem
administration, which can lead to seizures in epileptic
patients. Mechanisms of this interaction include de-
creased intestinal transport of valproic acid and seques-
tration of valproic acid in erythrocytes [15]. Serum
valproic acid concentration has been reported to fall
by as much as 66 % in the presence of meropenem,
though the degree of change is highly variable [16].
Animal data suggest that imipenem likely has the same
effect [17]. Carbapenems should therefore ideally be
avoided in patients receiving valproic acid. If carbapen-
ems are essential for a particular infection in a patient
on valproic acid therapy, serum valproic acid levels
should be followed closely, and an additional antiepi-
leptic medication could be considered if therapeutic
levels of valproic acid are difficult to maintain.
Antibiotic-antiepileptic combinations that have been re-
ported to increase antiepileptic drugs to toxic levels include
chloramphenicol with phenytoin [18] and clarithromycin [19],
erythromycin [20], or isoniazid with carbamazepine [21].
Given potential interactions between antiepileptics and
antibiotics, a serum antiepileptic drug level should be drawn
at the time of initiation of antibiotic therapy, and the patient
should be closely monitored for seizures or antiepileptic drug
toxicity. The development of either warrants a repeat serum
antiepileptic drug level to compare with the initial level.
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Encephalopathy

Common symptoms of encephalopathy include confusion,
somnolence, agitation, psychosis, and/or hallucinations, all
of which may wax and wane. Encephalopathy is one of the
most commonly occuring neuropsychological conditions in
the hospital, occurring in 10 % of medically ill patients and in
about 60—80 % of patients in medical intensive care units [22].
While the differential diagnosis of acute encephalopathy is
broad in hospitalized patients, antibiotics may cause or con-
tribute to encephalopathy through direct toxic effects or by
causing nonconvulsive seizures that present as altered mental
status (see “Seizures”). The antibiotics most commonly asso-
ciated with encephalopathy are metronidazole,
fluoroquinolones, macrolides, and (3-lactams (particularly
cephalosporins). Antibiotic-induced encephalopathy has also
been reported in association with gentamicin [23], linezolid
[24], and trimethoprim-sulfamethoxazole [25, 26]. Renal fail-
ure, especially acute renal failure, is a risk factor for the
development of encephalopathy with fluoroquinolones and
[3-lactams, although cases of antibiotic-induced encephalopa-
thy have been reported in patients with normal renal function
with both antibiotic classes [27]. Other risk factors for the
development of antibiotic-induced encephalopathy include
older age and premorbid neurological impairment [27]. The
rate of cross-reactivity between different antibiotics within the
same class is unknown. Encephalopathy is usually reversible
after cessation of the inciting antibiotic.

Certain classes of antibiotics have been associated with
particular constellations of central neurotoxic symptoms be-
yond encephalopathy. Metronidazole neurotoxicity most com-
monly causes cerebellar signs (ataxia, gait disturbance, nys-
tagmus), though these are accompanied by encephalopathy in
about one third of cases [28]. A characteristic MRI pattern
including T2 hyperintensities in the dentate nuclei of the
cerebellum and/or splenium of the corpus callosum is present
in nearly 90 % of cases of metronidazole neurotoxicity (Fig. 1)
[28]. Clarithromycin neurotoxicity commonly causes psychi-
atric symptoms such as mania and hallucinations [29].

Optic Neuropathy

Optic neuropathy caused by antibiotics generally presents as
painless, progressive, symmetric visual loss with decrease in
color vision (especially red-green discrimination) [30]. Visual
field testing typically reveals centrocecal defects (loss of
vision between the point of fixation and blind spot) and/or
bitemporal defects (loss of bilateral peripheral vision) [31].
The antibiotics most frequently associated with optic
neuropathy are ethambutol and linezolid, although individual
case reports have described optic neuropathy with other
antibiotics including ciprofloxacin [32], levofloxacin [33],
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Fig. 1 T2/FLAIR-weighted MRI of the brain shows hyperintensities in
the dorsal medulla and in the dentate nuclei of the cerebellum in a patient
taking metronidazole (500 mg every 8 h for 4 weeks) who developed
ataxia, slurred speech, and bilateral dysmetria

chloramphenicol [34], metronidazole [35], sulfonamides [30],
isoniazid [30], and streptomycin [30].

Ethambutol is estimated to cause optic neuropathy in 1 %
of patients taking standard doses (15 mg/kg/day), but in as
many 50 % in patients taking doses in excess of 60 mg/kg/day
[36]. Optic neuropathy is thought to be secondary to
ethambutol-induced mitochondrial dysfunction [30, 36], and
pathology has demonstrated demyelinating lesions in the optic
nerve and chiasm [37]. Risk factors for developing optic
neuropathy due to ethambutol include older age, hyperten-
sion, renal disease, prolonged duration of therapy (greater than
2 months), and higher doses (above 15-20 mg/kg/day) [30,
31, 36]. Patients who require ethambutol for prolonged pe-
riods should undergo a screening ophthalmological examina-
tion prior to initiation of therapy and follow-up examinations
every 1 to 3 months (though practice varies across centers) to
test for subclinical development of visual dysfunction [36]. If
optic neuropathy develops, ethambutol should ideally be
discontinued in favor of an alternative antibiotic. Vision loss
is generally reversible, although permanent visual loss may
occur after prolonged treatment [36, 38].

Like ethambutol, linezolid is also thought to cause optic
neuropathy through mitochondrial toxicity [39]. Duration of
use is a significant risk factor, and most reported cases are in
patients taking linezolid for longer than 1 month [36, 40]. The
incidence of linezolid-induced optic neuropathy is unclear

since data have primarily been reported in case reports and
series. Cessation of linezolid generally results in recovery of
vision [36].

Peripheral Neuropathy

Peripheral neuropathy can be classified pathophysiologically
(i.e., as axonal, demyelinating, or a combination of the two),
by symptom type (i.e., sensory, motor, sensorimotor, auto-
nomic), or by the type of nerve fiber affected (i.e., large fiber
versus small fiber). Symptoms of peripheral neuropathy can
include sensory changes (e.g., numbness, pain, paresthesias),
weakness, and/or autonomic dysfunction (e.g., orthostatic
hypotension, altered sweating, bladder dysfunction,
gastroparesis). Examination typically shows sensory loss in
one or more modalities (light touch, pain, proprioception, and/
or vibration), diminished or absent reflexes, and/or weakness.
Imbalance, Romberg sign, and incoordination (sensory ataxia)
may be present if proprioception is severely impaired. Axonal
neuropathies usually present in a length-dependent fashion,
with the feet affected first and the hands becoming symptom-
atic only after the neuropathy has involved the lower extrem-
ities to the level of the mid-calves. In demyelinating neurop-
athies, both upper and lower extremities may be affected both
proximally and distally at presentation. This clinical distinc-
tion between axonal (length-dependent) and demyelinating
(non-length-dependent) patterns of neuropathy aids in the
initial differential diagnosis since toxic (e.g., medications
and heavy metals) and metabolic etiologies (e.g., diabetes
and B, deficiency) generally cause axonal neuropathies,
whereas immune-mediated (e.g., chronic inflammatory demy-
elinating polyneuropathy [CIDP] and most paraprotein-
associated neuropathies) and infectious (e.g., leprosy) neurop-
athies are predominantly demyelinating, although exceptions
to these general principles exist. Hereditary neuropathies also
occur (e.g., Charcot-Marie-Tooth) and may be demyelinating
or axonal.

The antibiotics most commonly associated with pe-
ripheral neuropathy are metronidazole, linezolid, and
dapsone, though neuropathy has also been described in
patients taking chloramphenicol, chloroquine, ethambu-
tol, fluoroquinolones, isoniazid, nitrofurantoin, and
sulfasalazine [41, 42]. The mechanism of antibiotic-
induced neuropathy is thought in most cases to be axonal
injury caused by effects on DNA repair, cell metabolism,
and mitochondrial function [43].

Antibiotic-induced peripheral neuropathies are most com-
monly length-dependent sensorimotor neuropathies, although
autonomic neuropathy has been reported with metronidazole
[44], pure motor neuropathy with dapsone [45], and optic
neuropathy with linezolid (see “Optic Neuropathy™) [46].
The majority of cases of antibiotic-induced peripheral
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neuropathy occur in patients with prolonged antibiotic expo-
sure (i.e., months in duration) with incidence reported to be as
high as 50 % in patients with long-term use of metronidazole
[47] or linezolid [48]. In most patients, recovery occurs over
weeks to months after cessation of antibiotics, although neu-
ropathy may rarely persist [49-51]. In some patients, the
neuropathy may continue to progress for several weeks fol-
lowing discontinuation of antibiotics before beginning to im-
prove, a phenomenon referred to as “coasting” [43, 52].

Antibiotic-Induced Exacerbation of Myasthenia Gravis

Myasthenia gravis (MG) is an autoimmune disorder in
which antibodies against postsynaptic receptors at the
neuromuscular junction cause fluctuating weakness in
ocular, bulbar, proximal limb, and respiratory muscles.
Symptoms include diplopia, ptosis, dysarthria, dysphagia,
and proximal limb weakness, all of which may become
more prominent at the end of the day or after activity.
The majority of patients have measurable serum antibod-
ies against the acetylcholine receptor (AChR) or, less
commonly, the muscle-specific receptor tyrosine kinase
(MuSK), and 10-15 % will have thymomas [53]. Elec-
tromyogram (EMG) demonstrates decrement in ampli-
tude of compound motor action potentials (CMAP) with
repetitive stimulation and increased jitter (variability of
the interval between muscle potentials) with single mus-
cle fiber EMG.

Exacerbations of myasthenic symptoms range from mild to
severe, with severe cases leading to respiratory failure requir-
ing ventilatory support referred to as myasthenic crises. Flares
of MG can be triggered by infections, surgery, and medica-
tions. The medications known to trigger MG exacerbations
include antibiotics, antiarrhythmic agents, immunosuppres-
sive agents, anticonvulsants, and anticholinergic medications
[54]. The antibiotics most commonly reported to precipitate
flares of MG are aminoglycosides, fluoroquinolones, and
macrolides [55-61]. Individual case reports have described
MG exacerbations with clindamycin, colistin, tetracyclines,
ampicillin, imipenem, and paramixin B [54, 62]. The pro-
posed mechanisms of antibiotic-induced exacerbations of
MG include presynaptic interactions with voltage-gated calci-
um channels and calcium-sensitive receptors as well as post-
synaptic interactions with acetylcholine receptors [63—67].

Aminoglycosides, fluoroquinolones, and macrolides
should therefore ideally be avoided in patients with MG. If
one or more of these antimicrobial agents is necessary for
treatment of a particular infection in a patient with MG,
patients should be monitored closely for any worsening
MGe-related symptoms (e.g., weakness, dysarthria, dysphagia,
shortness of breath).
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Conclusion

Onset of new neurologic symptoms or signs after the initiation
of antibiotics should raise suspicion for potential antibiotic
neurotoxicity. Careful selection of antibiotics and dosages is
essential in older patients, as well as in patients with renal
insufficiency, epilepsy, or myasthenia gravis in order to pre-
vent avoidable iatrogenic neurologic complications. If patients
in these at-risk populations are infected with organisms re-
quiring a specific antibiotic regimen that has been associated
with neurotoxicity, appropriate monitoring should be initiated
to facilitate early identification of neurotoxicity. Such moni-
toring may include long-term EEG monitoring in hospitalized
patients who develop encephalopathy after initiation of anti-
biotics, serum antiepileptic drug concentrations in patients
with epilepsy taking antiepileptic medications initiated on
antibiotics, and serial ophthalmologic examinations in patients
receiving antibiotics known to cause optic neuropathy. Given
that antibiotic neurotoxicity is likely under-recognized, con-
tinued reporting is essential to understand more fully which
patients are at the highest risk for neurologic complications of
antibiotic therapy.
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