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Abstract

Objective: make a review about the risk of seizures related to the use of antibiotics. Method: We perform a non-systematic review using
Google Scholar platform approaching the relationship between seizures and the most used antibiotics classes in clinical practice. Results and

Discussion: 34 papers in English language were used for this review.

Conclusion: Rarely antibiotics may cause seizures, mainly in patients with renal dysfunction, hepatic or previous brain disease. It is
important to learn about drugs at greatest risk of seizures in each class of antibiotics. The treatment involves the use of correct medications,

primarilygabaergic drugs, avoiding ineffective anticonvulsants.
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Introduction

Epileptic seizures can be defined as the presence of involuntary
muscle contractions of the whole body or part of it resulting from
cerebral neuronal synchronous overshoot.It should not be regarded
as an etiology in itself but as a syndrome of multiple origins [1,2].
Convulsive seizures are the immediate cause of hospitalization
in up to 20 percent of patients in intensive care units (ICUs). As
the initial cause of ICU admission, the main etiologies of seizures
are mainly due to alcoholism or stroke [3]. Considering the entire
period of hospitalization, convulsions occur in up to 10% of
patients in general ICU and in 30 to 46% of patients in neurological
units [4]. We can divide the etiology of the seizures into structural
and metabolic with the aim of facilitating the therapeutic approach.
Among the structural causes, in addition to stroke, we highlight the
presence of primary and metastatic CNS tumors. Among the causes
of metabolic origin in patients in the ICU, hyponatremia stands out

[5].

Inspiteofbeingdefined by the presenceof muscularcontractions,
we emphasize the possibility of non-convulsive seizures. In these,
there is loss of consciousness without the presence of involuntary
movements, making diagnosis difficult. When prolonged; seizures
may lead to non-convulsive status epilepticus (SE). The SE is set
to last longer than 30 minutes or crisis occurrence of successive

and recurrent seizures with incomplete recovery of consciousness
between them [6]. The frequency of seizures or SE in intensive care
unitsis very variable depending on the method used for its diagnosis,
whether it is through the use of routine electroencephalogram
(EEG) or continuous electroencephalographic monitoring [7]. On
the other hand, we sometimes observe patients hospitalized in
the ICU, where distant metabolic, structural and infectious causes
seizures occur in close temporal relation to the beginning of some
medication. It is estimated that 15% of drug-related seizures may
manifest as status epilepticus. In this context, 10% of cases of status
epilepticus in ICU patients may be due to the use of antibiotics. The
high rate of seizures and the almost universal need for antibiotics
during hospitalization in intensive care units make it essential to
know the pathogenesisfrequency, risk factors and correct treatment
of seizures related to antibiotics of the most used classes [8].

Methods

We did a non-systematic review of articles on the Google Scholar
platform from January 1992 until February 2018.Preference was
given to articles in Portuguese or English whose title presented
the descriptors “seizures” or “epilepsy” associated with the most
commonly used classes of antibiotics: penicillins, cephalosporins,
quinolones, carbapenems, metronidazole and isoniazid. From this
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total we chose 34 articles in English to make this text. We include
experimental articles, review articles, case reports, or expert
opinions without any specific criteria for exclusion, unless written
in English or Portuguese. Some papers were chosen from the
references obtained from the articles of the initial search.

Results and Discussion

Most substances or toxins cause convulsive seizures through
four distinct processes: the first mechanism is the imbalance
between inhibitory and excitatory neurotransmitters. These
include changes in the ratio of gamma-amino butyric acid (GABA)/
glutamate. The second derives from changes in the neuronal
transmembrane ionic flux, especially the sodium and potassium
ions. The third involves imbalance in the synthesis and release of
biogenic amines such as dopamine, noradrenalin and acetylcholine
[9]. The latter mechanism is related to conditions that alter the
cerebral concentration of adenosine. Adenosine is a substance
released by neurons in order to block excessive neuronal firing
assisting in ending the crisis [10]. Since the 40s the epileptogenic
potential of antibioticsis known from experiments involving
the use of penicillins in the cortex of monkeys and intrathecal in
humans.The first antibiotics related to the occurrence of seizures
were penicillins, from the beta-lactam family [11,12]. Subsequently,
penicillins and other classes of antibiotics were implicated in the
occurrence of seizures. The risk of convulsions in the general
population related to the use of antibiotics ranges from 0.04 to
0.5% depending on the class of antimicrobial used [13]. However,
we emphasize that there are some patients, mainly patients in ICU
under the use of polypharmacy.Thus, many other drugs can lower
the seizure threshold, especially opioids and antidepressants.
The latter correspond to both serotonin reuptake inhibitors and
tricyclics with their anticholinergic effect [14].

Penicillins

Penicillins due to their antiquity are the most studied class of
antibiotics and associated with the occurrence of seizures. They
present epileptogenic potential associated with the antagonism
of GABAA receptors by the B-lactam ring. This finging confirms
the fact that ring removal eliminates the convulsive potential
of this class of drugs [12]. GABA represents the major CNS
inhibitory neurotransmitter being present in 30% of synapses.
GABA receptors are divided into two subtypes: GABAA and GABA
B. It is believed that GABAA antagonism is responsible for the
pro-convulsive effect [15]. This antagonism occurs both by non-
competitive inhibition and by voltage-dependent changes [16]. In
addition, synthetic penicillins are considered to have a lower risk
of seizure when compared to natural penicillins (benzylpenicillins)
[15]. Among the penicillins with a higher risk of seizures include
crystalline penicillin (Penicillin G) [17]. The seizures related to
antibiotic therapy with penicillin occur on average 12 to 72 hours
after its onset and can begin up to two weeks later [15].

Cephalosporins

Cephalosporins, another group of drugs in the 3-lactam family,
also present GABAA receptor antagonism as a mechanism that
triggers seizures.Its competitive inhibition of GABAA receptors
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when compared to non-competitive penicillins makes this class of
antibiotics more epileptogenic [16]. We admit the epileptogenic
potential of the cephalosporin to be associated with the size of the
substituent at the 3 or 7 positions of the 7-cephalosporanic acid
structure of its formation [14]. In addition, there is the possibility
that cephalosporins contribute to crises through an agonist effect
on glutamatergic N-methyl-D-Aspartate (NMDA) receptors [18].
Among drugs of this class most reports refer to cefazolin as the
major cephalosporin associated with seizures [14]. Another
drug also frequently described as pro-convulsant in this class is
cefepime. Cefepime in this case presents a high incidence of non-
convulsive status [19,20].

Quinolones

Very little is known about the mechanism of seizures involving
quinolones when compared to (-lactams. The decrease in the
convulsive threshold of quinolones can also be attributed to
GABAergic antagonism and glutamatergic agonism [21]. In the case
of GABA antagonism, quinolones act both by competitive inhibition
of the receptor and by binding to benzodiazepine receptors in
the GABA complex [16]. Among the quinolones at greatest risk
for seizures, most cases mention ciprofloxacin [17]. On the other
hand, there are studies evidencing that there is no increased risk
of seizures with this class of antibiotics when administered orally.
These cases would in fact represent an increased risk of seizures
due to the etiology that led to the need for antibiotic therapy [22].

Carbapenems

This class of antimicrobial drugs is the most frequently
associated with seizures in intensive care units. This is due to its
wide spectrum of action, being frequently used in infections by
multiresistant bacteria. Its pro-convulsive action is also related to
gabaergic antagonism [23,24]. They also present a higher potential
to decrease the seizure threshold compared to cephalosporins
and penicillins because of their greater penetration into the CNS
[17]. The difference in epileptogenic potential among drugs of
this class may be related to differences in molecular structure,
especially in the differences of the C2 side chain attached to the
carbapenem ring.In this case the more hydrophobic side chain
favors passage through the blood-brain barrier (BBB), increasing
the risk of intoxication. Such fact would justify imipenem being
the carbapenem most implicated in the occurrence of seizures
[20]. Some studies suggest the possibility of imipenem seizures
be associated with their joint application with cilastatin [14].
Another important factor in the use of this class of antibiotics is
its interaction with valproic acid, decreasing its plasma levels. This
basically occurs due to three reasons: In the first, carbapenems
cause the entrapment of valproate within the erythrocytes,
decreasing its serum level. Besides, carbapenems increase hepatic
glucuronidation rates of valproate, thus also helping to lower blood
levels. Finally, carbapenems may decrease the intestinal absorption
of valproate [25].

Isoniazid

Isoniazid is a bacteriostatic antibiotic primarily used in
the treatment of tuberculosis in our country and it presents a
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structure similar to pyridoxine. It is also the main drug implicated
in suicide attempts in this group of patients [26]. Pyridoxine is a
B-complex vitamin that acts as a cofactor for the enzyme glutamic
acid-descaboxylase. This enzyme is responsible for the production
of GABA from glutamic acid or glutamate. Thus, we can attribute
the pro-convulsive effect of isoniazid to its antigabergic effect by
pyridoxine antagonism [27]. In addition, without the action of
glutamic acid decarboxylase, glutamate levels, the main excitatory
transmitter of the brain, are increased, favoring excessive neuronal
firing. Finally isoniazid binds to pyridoxine, forming inactive
complexes eliminated by the kidneys, also contributing to the
deficiency of pyridoxine [15]. The importance of the decrease in
the reserves of pyridoxine and its relation with seizures can be
verified by the existence of cases of epilepsy attributed to the lack
of pyridoxine [28].

Metronidazole

Metronidazole is one of the most commonly used antibiotics in
amoebic infections and anaerobic bacteria. The main adverse effect
of metronidazole use is the occurrence of peripheral neuropathy
[29]. Metronidazole is unique among antibiotics that cause
encephalopathy or seizures. This is due to the fact that it is the
only antibiotic associated with the presence of structural lesions
in the central nervous system observed in routine radiological
examinations, including tomography and cranial resonance [23,30].
In this case changes in structures of the cerebral midline are
observed as in the region of the splenius of the corpus callosum and
in the dentate nucleus of the cerebellum. These changes are mainly
observed as hyperintense lesionsidentifiable in weighted MRI
sequences in T2 [13,31]. The location of the lesions is similar to
the lesions of midline structures found in the Wernicke-Korsakoff
Encephalopathy. In addition to Wernicke’s encephalopathy
represent the main differential diagnosis of metronidazole
encephalopathy, the similar location of the lesions suggests the
interference of metronidazole in thiamine metabolism. In this
case there is the formation of toxic radicals by the presence of
metronidazole and its transformation into thiamine analogues
[29,30]. Another mechanism by which metronidazole can lead to
crisis would be through elevated levels of brain monoamines [32].

Other Antibiotics

There are rare reports of seizures associated with antibiotics
of macrolides, aminoglycosides and oxazolidinonesclass, through
unspecified mechanism. Despite its antiquity, good penetration in
the CNS and frequent use in our environment, especially in patients
with HIV, there is no report of convulsive crisis associated with the
use of sulfamethoxazole with trimethoprim [17].

Risk Factors Related to Patient For Antibiotic Seizures

Among the factors responsible for the increased risk of
seizures in patients under antibiotics, we can highlight renal
failure, presence of liver disease, existence of epilepsy, previous
brain disease and age. Renal failure, whether it be acute or chronic,
increases the risk of seizures through multiple mechanisms. One
of these would be the increase in the half-life of antibiotics in the
circulation with greater risks of accumulations at doses considered
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toxic in the CNS. In addition, renal insufficiency causes proteinuria
and hypoalbuminemia, with increase of free fraction not bound to
plasma proteins of the antibiotics [23]. Finally, renal failure leads
to the accumulation of anionic substancesof low molecular weight.
These substances can saturate the mechanisms of active transport
of CNS molecules into the blood through the BBB, making it difficult
to remove the antibiotics from the cerebrospinal fluid [8].

The presence of liver disease as well as renal insufficiency
may increase the plasma free fraction of certain antibiotics due
to hypoalbuminemia by hepatic protein synthesis difficulty. There
is also loss of cytochrome p450 function responsible for the
metabolism of certain antibiotics [33]. The existence of cerebral
disease or previous epilepsy may lead to a decrease in the convulsive
threshold by neurotoxic antibiotics when compared to healthy
individuals. This would be a result of increased permeability of the
blood-brain barrier by preexisting brain disease [8,16]. Depending
on the antibiotic class, the CSF of normal individuals may present 1
to 5% of the plasma antibiotic concentration. In cases of BBB change
this concentration may increase to levels ranging from 20 to 30%
[33]. Such fact also explains the increased risk of seizures when
antibiotics are administered directly into the CNS during invasive
procedures when compared to oral or intravenous administration
[24].

On the other hand, it is precisely this increase in permeability
in the underlying disease that causes the use of the antibiotic into
effective doses for the treatment of infectious conditions. In these
cases it may be difficult to differentiate crises from the underlying
disease or the antibiotic [34]. In contrast, many diseases that
cause convulsive threshold decrease are not primary of the CNS.
We can mention the sepsis where the pyrogenic and inflammatory
substances released can trigger convulsive events without a CNS
etiology [33]. Age is another important risk factor for seizures
caused by antibiotics. Senescence causes changes in absorption,
metabolism of drugs by renal or hepatic alterations as well as
changes in the ratio between free and protein-bound doses of the
drugs.The accumulation of lipophilic drugs can also be altered by
the greater amount of fat in the elderly when compared to muscle
mass [20].

Diagnosis

We should suspect antibiotic-related seizures in every patient
under the use of it with no other cause specific for seizures. In ICU
the difficulty of recovery of consciousness even in the presence
of improvement of infectious parameters such as fever and
leucometria after withdrawal of sedation increases the possibility
of the presence of non-convulsive status epilepticus. Focal or
secondarily generalized seizures increase the need for investigation
through imaging for the presence of structural causes.8EEG is
essential in the diagnosis of ES, although unspecific findings are
often observed. These are characterized by slower latencies, of
great amplitude, as well as generalized periodic discharges with
three-phase morphology [23]. Lastly, although it is possible to
dose antibiotic levels, there is no defined toxic level for most of
these drugs. Besides, individual variability, immediate need for
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treatment, and waiting time for the test result make the dosage of
currently measured antibiotic levels unjustified [33].

Treatment

Once the seizure disorder attributed to the use of antibiotics
has been diagnosed, the antibiotic exchange for another of the same
spectrum with less epileptogenic capacityis essential. The fact that
most antibiotics act through gonagic antagonism indicates the
preferencefor GABA agonist drug use. The use of benzo diazepines
and barbiturates is particularly note worthy [5,18]. Thus, we
emphasize the in efficacy of phenytoin and carbamazepine use due
to the absence of GABA receptor activity. These drugs work mainly
on sodium channels [24]. In case of carbapenem use it is essential
to avoid using or increasing the administered dose of valproic acid
if it is already in use. As an alternative to theincreasing dose of
valproate, the use of adjuvant drug during carbapenem usemay is
indicated. In this case, the drug should be maintained on average
up to two weeks after the carbapenem has been discontinued, and
benzodiazepine is generally used [25]. In cases of seizures related
to isoniazid, the lack of pyridoxine to produce GABA makes useless
not only the use of drugs with no effect on GABAA receptors but
also the inefficacy of gabaergic drugs, with indication of pyridoxine
replacement [27]. In the event of crises caused by metronidazole
in addition to its suspension, thiamine replacement is indicated.
However, due to the presence of structural lesions in metronidazole
intoxication, there is an important risk of sequelae [31]. It is rarely
possible to withdraw some antibiotics through dialysis, especially
B-lactams, and the risk of recurrence of seizures is unknown with
the exchange of the causative antibiotic by another antimicrobial of
the same class [13].

Conclusion

Despite the rarity, it is important to pay attention to the
possibility of seizures attributed to antibiotic therapy, especially
in patients in intensive care units. It increases the suspicion of
seizures by antibiotics in the presence of renal, hepatic or previous
CNS disease in case of improvement of the infectious condition
and the EEG should be requested.In addition to the knowledge
about major seizure-related antimicrobials, the correct choice of
medication for treatment is essential. Preference should be given
to gabaergic drugs, avoiding carbamazepine or phenytoin as well as
harmful interactions of antibiotics with prescribed anticonvulsants
prior to hospitalization.
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